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EXECUTIVE OFrICE OF THE PRESIVENT
OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

February 26, 1986

Dear Dr. McTague:

I have the pleasure of transmitting to you t.e Report of the
White House Science Council's Pane! on the Health of the U.S.
Colleges and Universities, chaired by David Packard with
Allan Bromley as Vice Chairman.

The Report, entitled A Renewed Partnership, was discussed 1n
detail with the members of the Science Council and comes to
you with their unanimous support.

Both personally and on behalf of the Science Council, I wish
to take this occasion to express to the Panel members my
appreciation of all the effort that they have devoted t> this
important study. They have identified the critical issues
that must be addressed if we are to retain our national
leadership in areas of science and technology that are of
central importance to our national future. Their recommen-
dations spell out a national plan of action that merits
serious and immediate attention.

Sinc rely ours,

1C’ et /‘

Solomo uchsbaum
Chairman
White House Science Council

Dr. John P. McTague

Acting Director

Office of Science and Technology Policy
Executive Office of the President

The White House

Washington, D.C. 20506
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EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

February 24, 1986

Dr. Solomon Buchsbaum
Chairman

White House Science Council
Washington, D.C. 20506

Dear Dr. Buchsbaum:

The Panel on the Health of the U.S. Colleges and Universities
which you established on May 3, 1982 and which I have had the
pleasure of chairing has completed its task, and now transmits
to you, herewith, its unanimous Report entitled A Renewed
Partnership.

We have benefited greatly from input received from representatives
of over one hundred universities and colleges and from over forty
private sector organizations. This input has bolstered our belief
that we still enjoy, in this country, the benefits of the world's
strongest scientific and technological enterprise. But at the
same time, it raises disturbing problems and questions concerning
both the short- and long-term health of this enterprise.

In our Report, we address these problems and questions and make
specific recommendations directed to each of the Federal Government,
the universities and the private industries. Although we recognize
fully that it will be difficult, particularly under our present
national fiscal stringencies, to implement aLtl these recommendations,
we are confident that their implementation will ensure the continued
health and vitality of a higher education system that has served
this Nation well.

Singerely yours,
] J‘r )

; \Jixil“

Packard

Chairman

Panel on the Health of
U.S. Universities
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America has 4 unique dependence upon 1ts coleges and
untsersities both tor new knowledge and tor young minds
trained to use this know jedge 1in innovative way s, the excellenc:
of our colleges and universities has been a cornerstone of our
cconomie well beng. our national secunity, and the health and
quahity ot hite of our citizens But. as emphasized by the White
House Science Counctl Panel on the Health ot U S Colleges
and Unnversities, the strength and excellence of this higher
education enterprise 1s at a transttion point. and can no fonger be
tahen tor granted

At a tme when ever greater demands are being made on our
research universties they find themselves. after more than a
decade of belt nghening and retrenchment. with agmng facili-
ties. obsolete equipment and growing shortages of both taculty
and students 1 manv imiportant areas

The problems discussed n this Panel Report are very real and
vers important And the Panel s entirely correct 1 ats con-
cluston that increased support, important as that will be. 18 not,
1 tselt. sufticient to ensure the health of our system o higher
education What s mostaceded 1sare exanunation and restruc-
turing of the relationships that have evolved among the tederal
government. the universities. and U S industries

Recognizing the powertul dividends. both short- and long-
term. reaped from our universities and colleges. many sectors of
society —including state governments, tndustry, foundations
and private individuals—have inereased their support of educa-
tional insututions in recent years  This commendable comnut-
ment to sustamed acadenne excellence reflects a recognition
that. just as these benetits accrue to all. so also must the costs be
shared by all

This Adminstration has made a concerted eltort to mantatn
the Naton's preeminence in an age ot rapid technologieal
change and intense mternational competition Thisis evidentin
the broad measures taken to spur continued economic growth
and competttiveness. meluding reducing the tederal defient,
reducing taxes and ehiniating unnecessary reg *' tton tis aleo
reflected m this Admimistzanon’s provision of ncreased real

FPREAMBLE

funding tor basie scientine and engneering rescarch, totaling 30
percent since 19810 espectally 1 our colleges ard unrversities

Ay the Panel emphasizes. howeser. while these actions have
been criically important, much remains to be done to oftset the
neglect of the prior decade 1t 1s essenual that we return to the
view that tederal—and industnal—support ot university re-
search and education 1s an ivestment 1n our national future
rather than procurement of necessary products and services
Moreover, while the returns from basie rescarch may m some
cases be long-term. that represented by the flow of young
scientists and engineers trained 1n the course of this research 18
immediate and of critical importance

The Pancel presents us with a detatled and caretul analysis of
the need to develop an eitective government-umiversity-industry
partnership it we are t0 maintain our position 1n an increasingly
technological and inereasingly competitive world  They have
made specitic recommendations to this end and to the mainte-
nance of the health and vitality of our universities and colleges

I beheve that their Report deserves the thoughtful considera-
tion ot every citizen. and 1 share the Panel’s optimism that, given
the partnership and the support recommended. our universities
will respond enthusiastically and etfectively to the challenges
ahcad This report provides an important frame of reference
against which to measurs our progress and chart our naticnal

course
The road ahead will not be an casy one: but it 15 the road that.
tor the national good, we must pursue Scientists and engineers
have a specia responsibility to inform themselves about the
1ssues addressed i this Report and then. as individuals, to take
action n support of a strong and vital nattonal science and
technology base
The Panel has devoted much thought and effort to their
Report. and 1 would take this opportunity to express to ats
members my deep appreciation 1 take pleasure i commending
this Report to all r2aders—scieatist and nonscientist alike—as
an important contribution o the charting of our national future.
Jolm P McTugue
Acting Science Advisor to the President
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I. EXECUTIVE SUMMARY

1. Overview

The health of 'S society 18 uniquely coupled to that of 1t
unnersities To a greater degree than any other country this
Nation looks toits nnnversities both for new knowledge and for
young tramed minds prepared to use 1t etfectively But justat a
time when much s expected of our unnversities, after more than
& decade of retrenchment and belt tightening, they tind them-
selves with obsolete equipment, aging facihities, and grewing
shortages of both faculty members and students 1n many impor-
tant ficlds

In 1esponse to a request from former Science Adv.sor to the
President. George A Keyworth, for recommendations on how
to ensure the universities” long-term abality to provide the talent
and research necessary tor the Nation's seientific enterprise. the
White House Science Counctl established the Panel on the
Health of U'S Colleges and Universities  Its membership in-
cludes representatives from the research community. both aca-
demic and nonacademic This report 1s the result of therr study

To assess the university syvstem’s future. the Panei ashed—
among others—the tollowing questions  Are our universities
attracting the best students into science and engineering ? Is the
edvcation and tra:ning provided edequate to prepare the next
generation of scientists and engineers for the challenges of the
2Istcentury ? Will our universities be able to respond appropri-
ately as these demands change? Do the environment and support
aliow 1esearchers to be optimally productive?

The answers to these questions cause us concern The prob-
lems are real and ubiquitous

We are certamnly not alone m recognizing that scrence and
technology are eritical to our future Nations everywhere are
ivestig i these capabilities: We conclude that we must rethink
and, 1n many ways, rebutld the cnitically important interactions
between unnversities, government, and industry that have served
this Nation so well in the past The tederal government-
unversity relationship is too tundamental to the maintenance ot
our nattonal science and technology base to be taken for
granted. and the industry-university partnership s emerging as
critical to explotting that base 1n ord-.r to compete in the world
marhetplace

One conclusion is clear: our universities today simply
cannot respond to society’s expectations for them or dis-
charge their national responsibilities in resezrch and educa-
tion without substantially increased support. rederal support

Aruitoxt provided by Eic:

of university re earch as a percentage of the gross national
product peaked 10 1968 and reached a low pomnt n 1978 After
increases in 1979 and 1980, 1t has declined in the 19807 (Figure
1) 1n 1984, only $8 biilion of the nearly $100 billion m total
national research and development was performed 1n un: er-
sities, a level that siniply does not reflect our dependence on the
avallability of the most able technical talent An economy
whose growth prospect depend upon maintaining a competitive
edge in technology must look to an increasing—not decreas-
ing—cmphasis on the source of this techaical talent tis ime to
tahe an honest wok at what the real costs of umiversity-based
research are and how they should be borne We must return to
the view point that federal supportof such research 1s a long-term
mvestment in the Nation's future rather than the procurement of
a necessary product

The strength of the nation 1n trade. defense, and health has
been directly related to past investments 1 science and tech-
nology Our future position 1 global markete will simlarly
depend on our willimgness to respond to opportunity and to
mobilize our strengths today To this end, we must promote a
broad terdiseiphinary approach to problem-solving by focus-
g on university-based centers that will improve cooperative
linkages between scientists, engineers, and industry

It we are to have an acceptable future in an increasingly
technological and competitive world, and 1f we are to respond
adequately to national needs 1n areas of economic competi-
tveness, nattonal security, and quality of hite for allour citizens,
the ime has come when a new partaership involving all three,
the federal government, universities and the private sector, must
be torged And we must be realistic about the very real hmita-
tions on the extent to which industrial support of basie reseaich,
important as 1t s, can replace that from the federal government

In the summiary which jollows. we present the Panel’s major
findimgs and recommendations. We bel eve that they demand the
attention of the nation, and that 1t they are implemented. our
universities will respond enthusiasuically and effectively. Our
present leadership i international science and technology 18
chatlenged, indeed. many consider 1t tragile and endangered.
We arc confident that the actions we recommend will allow us v
retain this lcadership We cannot aftord less

2. Findings
@ A healthy umversity system is the basis for ¢ future In
any 1anking of priorities tor allocating R&1 support- -both
tederal and private-- antversities must rank first

ot




® Demands for new talent and new kne ledge have never
been greater Universtties will not be able to respond to
thesz grov g needs without increased federal support In
particular. we ¢ ourage continuation ol present adimm-
stration pohicies to further icrease basic research as o
traction of total national R&D tunding

® Ot ~qual importance wath the levei of tundmg 18 the sta-
bilization of tederal support to permit more ctHective use of
tfinancial and human resources The most ambitous re-
search requires long lead ttimes tor preparation and incuba-
tion  Research groups are exceedmngly tragile. once dis-
banded. they can raely de reassembled In the absence of
stabihity and predicizbility, important opportunities have
been lost. searee resources have been used netticrently
and. most serious, some of the brightest voung mmds i
cach recent gencration have been lost to seience and

technology

® The unnverainies themselves must shore the responsibility
tor the detertoration of their health and capability 1In at-
tempting to ride out what were hoped to be temporary
budget shorttalls. they mort-aged therr research tutuies
tov otten usmg linnited funds to maintain rescarch person-
nel rather than mvesting i needed instrumentation ot

tacthities: Morcover research facults members have them-

ERIC
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Total Research

—

Basic research

selves too often forgone high-risk exploratony research
waich, were it to succeed. could have impressive payott

State and local governments as well av private pn-
tanthropy. play a vital role Therr imtial imvestments de-
velop the structures and programs that make universities
competitive tor tederal mvestment, and they provide re-
sources by which academic mstitutions presenve then au-
tonomy dand diversity: Moreover. such support 18 o« majot
clement of the shared responsibility that ty pifies the pres-
ent university-tederal government partmership

The diversaty of our college and wenversity svstem s an
essentdl elemert of ats strength

In recogmtion of the leadership demands that our society
will place upon them, it v essential that mechanisms be
developed for carly wdentification and support of our most
able yvouth

Strong unnversity-government-indust , partnerships are
tundamentdl to meeting our goals 1 economie competi-
tveness, national secunty. agriculture., health, and mam
proving the quality of hite of our citizens

3. Recommendations

A. To maintain the strong science base essential to our
national futurc, we recommend that:

12




The tederal gevernment mahke substantially greater .n-
vestmients 10 our centers of learning 1n the 1980 and
1990 than the 1970°s The recommendations et
torth in this re, orto 1f they are to be implemented tully.
require signtficent increases 1n financial support The
source of such funding 1 these times of fiscal stringency
s notob ou. Reallocaton of 7 1D appropriations ap-
pears to be the most probable source. but we believe that
incrementa new funding will be reqaired In any case.
we emphasize that this tederal investment, at mmimum,
must keep pace with th.: overall natonal mvestment :in
R&D. at the current rate of growth 1t will double m ten
years More rapid growth 1s essential if our universities
are to meet the burgeoning demands being made upon
themn fromalmostevery sector o our soctety The federal
government 1s the only practical source of funding tor the
major part of this growth.

The federal government support a ma, trative to
establish university-based mterdisctplinary, problem-
ortented research and technology centers directed to
problems of broad national needs and relevant to indus-
trial technology

The federal government bear 1ts full share of the cost of
the university research 1t supports

B. To build a solid partnership among the federal govern-
ment, industry, and universities; to enable :he university
infrastructures to keep pace with research and educa-
tional needs; and to assure that the universities are able
to pvrsue research ~nd education effectively, we recom-
mend tha.:

ERIC
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Federal policies recognize that the costs of university
research facihities and equipment are a necessary part of
federally sponvored, umversity-based rescarch costs

The portion of federal research grants and contracts that
retmburse unrversiLes for use or depreciation of factities
and equipment (use ailowances) be based on realistic
useful hifetimes
a  Useful hfe of burldings and facihties should be re-
duced from the present level of 50 yeass to 20 years
b Useful hfe of equipment and instrumentation should
be reduced from the present level of 15 years to 5 to
10 years, depending on the class of equipment.
These changes, which do no more than inject reality into
the costs of doing research, will increase substantially
the indirect fraction of total costs This increase should
not be drawn from direct rescarch costs but from real-
location ot funds trom other sources

To allow U.S universities to restore their ifrastructures

i a timely fashion, a facthities fund be established within

NSF for cach of the next ten years And that in order to

encourage excellence.

a  All proposals submitted to this factlities tund should
be subjected to peer review within the scientific o1
technologieal community mvolved. and

b All awards trom the tund should be made o 150 50

matching basis with non-federal tundi,

4 Ay reorganization of the tederal tax code recognize the

importance of mereased mdustry-university mteraction

A 25 percent nonineremental tay credit should be estab-
hished for industrial tunding of university rescarch and
tor mdustry-supported matntenance and servicmg of
anrersits equipment A tay deduction equal to the tull
1wrket value of all industrially contributed equipment
stiould be established

C. 'lo .s:nimize controversy and friction conceruing the

4

reimbursement of indirect costs, we recommend that:

Reimbursements tor adminrstrative costs within the indi-
rect cost category be fixed at a unitorm percentage of
maditied total directcosts That percentage should be the
mean national pcreentage over @ five-year . istorical
period, and the adjustments shourd be phased 1 over a
two-year pertod to allow those universities now charging
more than the new fixed rate to plan for reduction This
change will ehminate much ot the need for taculty eftort
reporting

The forma! requirement for cost-snaring be elimmated

The paperwork burden assocrated w th grant and con-
tract admunistration be reduced to a nmmum  In the
Panel’s view, all taculty effort 1zporting should be
chimmated

All tederal agencies supporting unversity rescarch
adopt the NSF practice of including the ndirect costs i
the project budgzt subject to peer review

Inorder that the university environment be conducive to
high-quality research and education; that it be attractive
to the bost minds: and to increase the effectiveness with
which federal funding is used for research, we recom-
mend that:

Federa! agencies work toward ar average grant or con-
tract Guration of at least three. and preferably five, years

Investigators be free to use up to 10 perce atof their grant
or contract support on a fully discretionary basis and be
permitted to carry unespended funds torward from one
fiscal vear to the next

Fedetal agencies make greater use of block grants or
contracts to sur_ort groups of mvestigators having
shared rescarch interests

For greater flexabihty, o facilitate changes noan inves-
tgator’s field ot rescarch. and to support high-risk 1e-
searca, tederal agunctes, except i the cases of young
ivestigators, place substantially mote emphosis upon
the research history of the investigator and less on the
proposed rescarch project m moking awards

s
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E. To

identify and educate our most talented yvouth more

effectively, and to enable experienced scientists and engi-
neers (0 continue to contribute their skills in a changing
technologi 2l ervironmu t, we recommend that:

A subsiantiz' program of menit-based. portable schol-
arships be establiched by the federal government at the
undergraduate level  Parallel programs should be estab-
lished by industries having significant dependence upon
university research and educatior The national goal
should be tor the most able 1 pereent ot the undergradu-
ate students 1n mathematies. engineering. and the natural
selences entering colleges oruniversities cach year to be
supported under these programs This program is recom-
mended as an additton to. not a substitution for casting
need-based federal assistance programs

ERIC
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Substantial program, of multiyear ment-based ftel-
fowships. both tederal and industrial. be established n
scrence. mathematies, and engineening at the graduate
fevel Reflecting national needs. the field distribution of
these fellowships would be expected to change over
time

Universities encourage mterdiseiplmary activities at the
graduate level while retamning the essential quahity con-
trol tunction now played by the traditios  disciphinary
departments

Industries and vaiversities develop attractive continuing
cducation programs for engineers and scientists that are
matched to contemporary industrial requirements anc to
madera seience and technology
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II. INTRODUCTION

On the wisdom with which we by sccence to bear i the sar aganist disease, i the creation of new industries and i the strengthening of

our Armed Forees depends in large measure o futine as a nation

How we. as a naton. succeed 1n achieving our goals 1n
muatters ol health, econonue strength and national secunity will
depend crimcally on how eftectively we deploy our science and
technology. This. 1n tura. depends upon the streagth of our
scrence and technology base~—upon the flow of new know ledge
and ot trained personnel equipped to utihize that knowledge
ctfectively. As was vivadly demonstrated 1n the radar, atonne
energy and madical care advances diurmg World War 11, tech-
nological developments draw upon a reservorr of basie rescarch
i science and engineering, ¢ ad upon the imagination and
creativity of broadiy educat-d scientists and engineers Indeed,
cur soctety's recogmtion of this dependence underhies the
tederal support which has given us. 1inthe U S | one of the
world’s strongest science and technoiogy enterprises

Both scrence and technology are advancing at an unprece-
dented puce and are strongly affecting the daily hives of our
ctuzens, rarely, t ever betore, have such revolutionary changes
and advances occurred simultancously across the entire spec-
tium of the sciences Such rapid change poses fundamental
challeriges and equally tundamental opportuntties. If we are to
respond effectively to these challenges and opportunities. we
need, more than ever. an increasing flow of new knowledse and
of tratned 1 :ronnel—a stronger national scrence and tech-
nology base. In this country, we are uniquely dependent upon
our universities for both basic research and high  education,
perhaps our greatest strength nere has veen our msistence that
the two are i wparable and symbrotic

But just when much 1s expected of cur umversities, many
have expressed growing concern about their abthty to respond to
natonal needs Tre comments we have recerved trein leadersin
universities, mdustry. and government suggest that there are
sertous problems 1 the availabthty of modern research instru-
mentation and facilities. that overall tunding levels are too ow
to provide appropriate stability to existing research groups as
well as allow the entry of promising young nvestigators. that
government regulations impose unnecessary administrative and
accounting burdens. and that traucing m many fields 15 made-
quate for societal needs  Despite increased support m reeent
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vears, after more than a decade ot level fundmng, of growing
tricion 1 the federal government-university interaction, of
inadequate tndu 1y-university conimunication or cooperation,
and of student 2 . faculty shortages 1n many critical fields, the
U S umiversity system. long the envy of the world. 1s now under
stress The White House Science Council Panel on the Health of
U S Colleges and Universities was appointed by Dr. Solomon J.
Buchsbaum, Chairman of the Counail. and by Dr. George A.
Keyworth, Science Advisor to the Fresident, and was charged
with an examination of the present health of our university
system ard with the fornlation of policy recommendations
designed to ensure that our umiversities would be able to respond
to the growing national demands upon them

In our <tudy. we have tocused upon the natural sciences and
engineering, but the health of the entire spectrum of American
education—from chemistry to computer science to the classics
—1s mmportant to our national future In a soclety of ever
ncreasing screntific and technical complexity, effective ciizen
participation requres a degree of scientific and technological
hteracy that allows apprectation of the central 1ssues involved.f
not direct participation 1n their resolution. On the other hand,
the Nation can 1)l aftord generations of scientists and engineers
unable to apprcciate the economie and social consequences of
their work or the underpinning of values and moral judgments
that are the pnimary focus ot the humanist

The reader wall find 1n this Report a briet” discussion of the
need for vniveraity-based research (Chapter I'V). In Chapter V,
we tocus upon the costs of acadenic science and engineering.
with particular reterence to the question of indirect custs which
have been a root cause of much of the growng fricion and
alienation between umversities and the icder.. government.
Finally, in Cnapter VI, we consider the environment for aca-
demic serence and education, and the opportunities and respon-
sibthities that government. mdustry. and the umiversities each
tace tn makmg 1t more ctfective

Alter cach of these chapters, we collect our primary iindings
and recommendations for the reader’s convenience. the major
ones are agan presented 1 the second part of our Executive
Summiary
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III. THE NEED FOR UNIVERSITY-BASED

RESEARCH

The value of fundamental research does not lie only in the ideas it produces There 1s more to 1t It affects the whole mtellectual life of a

nation by determining 1ts way of thinking and the standards by which actions and intellectual produc ion are judged

. An atmosphere

of creativiny 15 established which permeates every caltural frontier Applied science and iechnology are forced to adjust ihemselves to the

highest ntellectual standards which are developed in the basic sciences

Fundamental resea ch sets the standards of modern

scienuific thought: it creates the intellectual climate in which our modera cvilizanon flourishes It pumps the lifeblood of 1dea and
mveativeness not only mto the technologic al luboratories and factories, but into every cultia o! activity of our ume The case for generous
support for pure and fundamental science is as sunple as that

1. Introduction

From the beginning of t_.s nation, its genius has been the
speedy and effective conversion of new knowledge into useful
goods and services. In our earliest days we tended to draw apon
the reservorrs of basic discovery filled elsewhere—particularly
in Europe; our aim was its conversion to practical use. Our focus
was on the mastery of nature rather than its understanding—on
invention rather than natural philosophy—and the two were
considered quite distinct and separablz until the pressures of
World War 1l demonstrated their intricate and essential connec-
tions. These connections can be subtle and indirect. Basic
research—the understanding of nature—is not necessarily
linked to any specific technological orien:ation; the engineer or
technoiogist cancot tell in advance what basic research result
may be of greatest relevance to his work. Some basic research—
that leading to X-rays, for example—may find important med-
cal and technological applications within months f the original
discovery. This. however. is not the common experience. Much
basic research is not translated into application for decades after
discovery

Reflecting the enormous spread in lag times betv.een discov-
ery and application. 1t is very difficult, 1f not impossible. to
document a very general visceral feeling shared by the Panel
members and by a very large fraction of the scientific and
technical community that the process of utilization— ~the transfer
of new knowledge into goods and services—is accelerating
This may not reflect a change in the fundamentai mechanisms
whereby these transfers are accomplished. but rather a rapidly
growing recognition of the potertial benefits to be denved from
the possible applications of scientific and engineering discov-

V F Weisskopf
Bulletin of the Atomic Scientists
Apnil 1965

eries and the increase in the number of individuals qualified to,
and nterested in, making such applications.

This is more obvious when we consider the international
marketplace in which we now function. For seve-al decades
following World War 1I, the U S. set the style and pace of
scientific and technological acuvities worldwide. We chose
those areas which were to receive emphasis. This situation 15
now dramatically different, not because of any slackening on
our part, but s'.nply because the rest of the world 1s catching up,
and. 1n a few areas. surpassing us in the ability to discover and
exploit new knowledge.

It has become increasingly important that the basic researct.
reservoirs from which all draw in a technological world be kept
filled for use by engineers and scientists devoted to the produc-
uon of goods and services for society. The interaction between
basic science and technology is one of symbiosis. Basic science
has continued to press the frontiers of knowledge and at the same
time has been dependent upon the slill and ingenuity of engi-
neers for 1ts progress By participating 1n the achievement of
national goals, basic research 1s made no less pure, no less
exciting; 1t 1s. however. made more challenging. more reward-
ing, and ore important when better appreciated and beter
utilized.

Basic science frequently finds entirely new challenges and
new directions from the needs of the world. There are many
examples from which we select three: DNA in biology was
discovered as the outcome of a .tudy of the scourge of pneu-
monia; complexity theory in abstract mathematics was dis-
covered as an outcome of attempts to inders*and the functioning
of simple electromic computers; and univesal cosmic black
body radiation 1n astrophysics was discovered w5 the outcome of
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an attempt to understand the vource of noise i satellite com-
munications systems

It1s the combination of new know ledge trom basic rescarch
and of nunds that can appreciate the practical apphications that
provide the most fertile source of mnovation

2. Graduate Education and Research

As gradudte education flowered 1n this country s unis -raities
in the latter part of the mineteenth and early part of the twentieth
centuries 1ts industrial support flowed from a recognition of the
unnersities” importance 1 the education of scientists and engi-
neen and ihe discovery of new knowledge. Both were under-
stood as essential to progress It was only with World War 1],
however—and the scientific and engineering triumphs of radar.
atonmie energy. medical care and the like—that U S society
more fully recogmized the importance of basic research and.
more particularly. 1ts potential importance in matters of health.
national secunity and economic strength It 18 this recogmition
that lay hehind the subsequent great increase n rederal support
of US univeraty research activity.

From the outset of graduate education m the U S . par
ticularly in science and engincenng. an mtimate connection
between educaiton and research has been considered fundamen-
tal to the production of creative scientists and engineers Our
focus on this hinkage has served the Nation well Very much a
part of this focus 1s the fact that most of U S. basic research 1
conducted in our universities. making these umiversities critical
to our national science and technology enterprise A strong
confirmation of the effectiveness of our university system -
deed comes from the number of foreign students studying sc1-
ence and engineering 1n this country

Since most basic research can rarely be percerved 1in terms of
specific products and serices, and given the long-range nature
of such rese irch, private 1adustry does not often support a high
level of basic research 7 one thing has become clear 1n recent
decades. 1it1s that the fruits of basic research provide benetits for
all of society. frequently in ways not visible intially to any of the
particroants. It 1s for these reasons that the federal government
has . come. and remains. the primary supporter of basic re-
search 1n this, country

3. Federal Support of University Research

The major surge 1n federal support for scientific research n
universities came as a consequence of the experniences of the
Second World War In particulaz the prewar-postwar transition
is epitomized by the report Science, the Endless Frontier, and
the agency to which 1t led. the National Science Foundatien
(NSF). The report, prepared by Vanrevar Bush in 1945 at the
recuest of President Truman, for the first tme articulated a
federal policy which accepted responsibility for the support of
research, and of basic research in particular Establishment of
NSF in 1950 was the logical outcome of this policy. In contrast
to the targeted support of mission agencies, the National Sci-
ence Foundation Act of 1950 directed that the objective of the
Feundation be ™. . to strengthen research and education 1n the
sciences, includirng independent research by individuals |

Aruitoxt provided by Eic:

This Language clearly indicated that the purpose of federal
mvolvement should be in the nature ot an invesiment i rescarch
Sputred also by Sputnih in 1957 the result was a strong influy of
tunds mto R&D generally ind mto the universities specificalls
As shown m Lable 1 and Figure 2. trom 1953 to 1961 tederai
tunding of R&D 1ncreased 14 percent annually, m constant
dollars The rate of merease i federal tunding at umveraties
reached 1ts peak between 1958 and 1964, increasing an average
21 8 percent annually, 1n constant dollars (Figure 3)

In 1968-1969 howcver. growth came abruptly to a halt. and
tor the next decade showed essentially no increase in real terms
Although the unnersities increased their own expenditures
R&D almost 50 percent durig this period (Figure 4). this could
not even come close to providing a reasonable rate of growth tor
the system

In parailel with this haltin funding. was a haltin the growth of
manpower engaged 1 university R&D  Between 1954 and
1968. tull-ime scientists and engieers engaged i R&D at
universities increased more than two-fold and the graduate
student population more than tripled. However. between 1968
and 1974 growth 1n these groups was essentially zero (‘fable 2)

The damage resulting from this long penod of stasis and
decay cannot be overesamated. Sinee universities conduct more
than 60 percent of the basic research performed in this country.
the absence of growth was retlected 1n a significant deterioration
in this natton’s ability to promote technological advances In an
era when science and technology are the key to economic
suceass, such a dechne implies a drop in the standard of hving of
all members of the society. and indeed poses a threat to the
future of this country n international competitiveness

No less serious 1s the loss of trained manpower. and for the
same reasons Graduate training 18 essential to providing indus-
try. acadenua. and the tederal establishments with individuals
capable of imtiating. exploting. and mamtaining technological
advances And even beyond this, the limations on the unmiver-
stties” ability to provide educational opportunities adequate 1n
cither scope or quality limited the abihity of a sigrificant propor-
tion of our youth to reach their full potential This represents a
tragic loss not only for the mdividuals mvolved. but also for
soclety as a whole.

During this period of stagnation. severai specitic phenomena
occurred which have aftected the capabilines of the umiversities
to this day. Direct federal support of R&D plant 1n the univer

Tabl2 1: Average Annual Change in National R&D Funding
1953-19C4
(In Percent)

Current Constant
Dollars Nnllars
Non- Non-
Year Tota! Federal Federal Tota! Federa' Federal
1953-61 13 7% 16 4% 10 0% 11 4%, 14 0% 7 7%
1961-67 83 76 95 60 53 72
1967-75 54 29 87 7 30 24
1975-79 100 91 110 35 26 45
1979-84 119 108 127 49 39 59
SOURCE Naticnal Science Foundation. National Patterns of Science

and Technology Resources, 1984
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sities dropped from $211.7 million (1n 1972 constant dollars} tn
1966, to $19.5 million in 1981. In 1966. the percentage of the
badget of NIH rescarch grants devoted to instrumentation was
11 7 percent (Figure §5) For NSF. the comparable value 1n 1966
was 11.2 percent By 1982, this percentage was about 4§
percent for NEH and 9 percent tor NSF Since NIH and NSF have
consistantly contributed two-thirds of the federal support for
university instrumentation, these decreases clearly have been
signtficant The inadequacy and decay of the physical plant. and
the obsolescence of the equipment pool have been extensively
documented 1n recent years (Figure 6) There can be hittle doubt
that they -everely limit the research productivity and creativity
of the universities

4. Increasing Costs of Research

In additica to the general inflation which atfects the broader
reaches of society. there 1s another form of costinerease intrinsic
to much research and technological progress Major advances
can stll result from individual genius and from simple peneil
and paper studies, but 1t is fundamental to the nature of em-
pirical rescarch in any field that each new experiment tends to
require more sophisticated equipment, more complex tech-
niques, mere adept and creative researchers, and purer mate-
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rials. for example. This simply reflects the increasing difficulty
with which deeper understanding 1s wrested from nature. ft
appears 1n virtually every ficld of science In medical research.
simple X-ray machines that once provided nvaluable informa-
tion to rescarchers and physicians now are Iittle used. but have
been replaced by more capable (and more comple< and more
expensive) computer-assisted tomography (CAT) scanners and
nuclear magnetic rescnance (NMR) maclunes In particle phys-
1¢s. simple bubble chambers are no longer capable of providing
new 1nsight to scientists: huge and much more sophisticated
detectors with real-time links to very iarge computers to process
huge volumes of new data are required Indeed. 1n virtually
every area of research, investigators now use and require exten-
sive computer ime, where not many years ago it simply did not
exist Evidence suggests that nonpersonnel costs of high tech-
nology R&D have risen some 50 percent faster than has the
consumet price ndex

5. Investment or Procurement?

Perhaps most important, the decline n the growth of federal
support cotnerded with a change n the way the federal govern-
meat viewed its involvement with waversities and university-
hased research From an emphasis on long-term investment
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there nas been a progressive shift to a procurement approach and
philosophy. This 1s evident from the data on investment in
capital equipment and facilities. In addition, the imposition of
onerous accounting procedures has produced an unnecessary
cost burden, and has severely restricted the ability of individual
investigators and institutions to respond promptly and effec-
tively to new opportunities. The operation of the project grant
system has shifted from primary reliance on the capabilites and
vision of talented nvestigators, to insistence on the detailed
presentation and achievemeai of specific goals.

This 'ack of trust and confidence in our investigators and
research institutions appears to the Pane! to be totally un-
justified The unmiversity system aas served this country well in
its primary missions—the conduct of basic research and the
training. young minds The adversanal relationship which has
developed in maay areas of university-government relations, as
1n assessment of Inairect costs (see next chapter), 1s damaging
both parties in their common pursuit of the goal of « better
national future

It must also be said, however, that the blame for deterioration
in the health of the American university research systein must be
shared. Universities, by and large, had little choice but to t1ke a
short-range perspective in managing their - sources In general,
each year's decline in federal support was rauonalized as a
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temporary aberration from the natural order. Consequently,
universities tended to defer decisions on long-term needs 1n an
attempt to protect, in the short term, their most valuable assets,
their people  Although this policy was understandable, it repre-
sents a failure in management and planning, and universities are
now living with 1ts consequences.

6. Rebuilding University Research

The decline between 1968 and 1975 1n orowth of federal
funding of research has been reversed in recent years. Beginning
n 1975, total federally supported R&D has increased steadily.
Between 1981 and 1984, Federal support for R&D increased by
14.3 percent and for basic research by 7 | percent (per Figure
7). A concentrated effort, however, will be needed during the
next few years to sustain these recent support trends. The Panel
Is unanimous in its view that the Nation’s de mand for talent and
for new knowledge will not be met without a substantially
greater federal investment 1n university research—with much of
the increase devoted to upgrading and strengthening of the
university research infrastructure. We are convinced, moreover.
that this increased investment will require both a new set of
prorities for expenditure of federal R&D funds and increased
support of untversity activities
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TABLE 2

Currently. only about 20 percent of total federal civihan R&D
tunding 15 devoted to the support of bawc research in the
umversities and only about 30 percent to academic research of
all kinds. Of the almost $100 billion expended nationally in
1984 for research and development only about $8 billion
found their way to universities. Such a balance is simply not
appropriate to today’s demands for the talent and new
knowledge that only universities can provide.

Based on all the information available to it, the Panel is
convinced that full implementation of the recommendations 1n
this report will require sigmificant increases (r: financial support
for basic research in the univers.ties. The source of such funding
in these times of fiscal stringency 1s not obvious. Reallocation of
R&D approprnations appears to be the most probable source, but
we beheve that incremental new funding will also be required.
In any casc, we emphasize that future investment in university
basic research must at least keep pace with the overall invest-
ment n national R&D:; at the rate this 1s currently growing, the
investment in real terms will double 1n ter: years. This 1s simply
not adequate to permit the umiversities to respond effecuvely to
the demands being made upon them from almost every sector of
our society. We must make a greater commitment to our
centersof learning in the 1980°s than was provided to them in
the 1970°s, and the federal government must take the lead
for the major fraction of that support.

7. Importance of Stability

It 15 essenuial, 100, to recogmize that stable and predictable
growth, not intermuttent infuston of funds, is essential Violent

FULL-TIME EQUIVALENT (FTE) SCIENTISTS AND ENGINEERS EMPLOYED IN P.ESEARCH AND DEVELOPMENT, BY SECTOR:
SELECTED YEARS'

Sector 1954 1958 1961 1965 1968 1969 1970 1971 1972 1973 1974 1975’
Total 2371 3546 4257 4941 5504 5582 5496 5298 5219 5211 5272 5305
Federal Government?® . 377 460 511 618 681 699 698 665 652 623 650 645
Industry*® ‘641 2561 3120 3484 3819 3856 3755 3584 3533 3574 3579 3580
Universities & Colleges total 250 365 424 534 660 683 685 684 665 648 667 710
Scienticis and eng*neers . 203 292 336 404 490 5S04 503 498 489 432 492 526
Graduate students® . 47 73 88 130 170 179 182 186 176 166 175 184
University associated
FFRDC', total . 50 81 91 11 112 116 115 115 17 120 121 128
Scientists and engineers 49 79 88 107 107 111 110 110 113 117 118 124
Graduate students® . . A 2 3 4 4 5 5 5 4 3 3 4
Other nonprofit institutions*’ . 53 79 111 194 232 228 243 250 252 246 255 242

'Number of full-ime employees olus the FTE of part-ttme employees Excludes scientists and engineers employed in State and focal government

agencies
2Estimate

3Includes both civilian and military service personnel and managers of R&D Military R&D scientist and engineers in the Department of Defense
ware estimated at 7,0001n 1954, 8,400 1n 1958, 9,2001n 1961, 12,000 in 1965, 13,000 1968, 14,0001n 1969 and 1970, 12.0001n 1971, 10,700
in 1972, 8,100 in 1973, 7,600 in 1974, and 7,700 in 1975

‘Inciudes professional R&D personnel employed at FFRD%'s admiristered by organizations in the sector

Excludes soctal scientists.

SNumbers of FTE graduate students receiving stipends and engaged in R&D.,
’Includes estimate for R&D scientists and eraineers employed in State affihated institutions such as hospitals, museums, etc

NOTE" The figures for the industry sector represent yearly averages and may diffe. from other data in the text which 1s based upon surveys reporting
the employmenc in a single month of the year. Data in the text exclude histonans, political scientists, and other social scientists

SOURCE National Patterns of R&D Resources
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Figure 5
Proportion of NSF anid NIH grant funds allocated for
permanent laboratn'y equipment

Percent of total dolars awarded
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communication The NiH data through 1974 s obtained from Science Ingicators 1574 After
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fluctuations trom vear to vear tand recently even withimn fiseal
yearshartevocably distupt research groups and programs and
cttectinet halt planning

Bevond this stable growth in the support of university -based
researche additional support s urgently nesded to reverse the
decay 10 physical plant and obsolescence mresearch equpment
thatiw. occarred inthe past decade We cannot attord to wart 1o
the slow catch up that would be possible under an ace cptable
steadv-state support seenaro

Mo hehiese that the more teadistic tse allowances tor Lacihties
and equrpment that we recommend elsew here in s Reportand
the recenthy approved icusion of the conts of capital i the
allowable tederal indireet cost recoers Fool witl provide o
ssgmheant part ot the low of iosources that will enable the
unnversitios to mantan and medermye then tacilities and equi
ment. but we emphasize that such resources alone will not
suthee

8. Restoring University Infrastructure

Some corrective action s already underway Federal dgen-
cres encouraged by Congressional conceras. hane alicady mutr-
ated new programs to support purchase and renovation of
rescarch equipment. We appl. ud the imnative taken by Repre-
sentatve Fugqua, Charman of the House Science and Tech-
nofogy Commmttee, inantroducing H R 2823, A Bill to asast
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irorevitdhzing the Nation s cadennc research programs
tequining speatted tedetal agences toreserve o pottion of then
rescarch and development tunds tor the replacement of madern
tzation ot Leboratoties and other research tacthties at uninersities
and colleges We also ppreaare the spinit i which this 31l
wasntroduced as o basis tor national discussion ol this impo-
ant issue

The Punel would ditter with R 2823 10 two important
aspects however We would recomnrend that the program be
tocused i the NSE rather than be dastributed acioss the siy
muapa tederal RAD agencies i order to nunimize burcauctacy
and toster umtorm standards and procedures We would aho.
and more important. reco imend that the tunding proposed n
H R 2823 be provided inerementally to the present RAD sup-
pottlevels rather than s propesed i H R 282300010 pereent
partof the present support fev is - As we wgae througheut this
Report these present suppott levels are ahicady madequate to
the nationdd demands on the universities Groenthis tact impor-
tantas the demuands tormtrastacture are were they 1o be niet by
ancttective 10 pereent cutn the evel of supportt ter actual

Figure 6 .

Age distribution of academic research
instrument systems: 1992-33
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Figure 7

(constant 1972 dollars in billions)

Federal support for research and development: 1953-1984
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R&D. the consequences within the unnersity research com-
munit;. would be devastatimg

W theretore recommend that m order to alfow U'S uniner-
stties to bnng their intasttactures tacthties and equipment -
o enaceeptable level at nntely tashion— to catch up- -a tempo-
tary tacthties tand be cstablished  within the NSE. for each of
the nextten years Inonder to encourage eveellence we recom-
mend that aw ards trom this tund should be made only on g 50 30
matchirg basts with non-federal tunding and that ail proposals
submitted 0 the tund ne subjected to peer teview within the
seieatific or technological community sevolved

The magmitude of the amveraty aintrastructure shorttatl has
been examined extensively mrecent vears with estimates cover-
g avery wide range Quite independently ol the Fuqua imi-
trutive, the Panel arrived at the same estimate of the necessare,
minmum program scope- =S1G bithon over the next 10 vears
with 53 bihon from tederad and S5 bithion from non-tederal
sources

9. Realistic Use Allowance

Alth ugh a tucthties tund s required fea “catch-up™ purposes.
once agam etforts must be nvrde to ensure that tne program
provides continuous support to prevent the boom bust syvn-

diome ot the past Inorder to encourage conttnuity and stabihiy
I this area as well, the panel recommenids that the average
usetul hite of unnveraity bunldings and facdities be recognized as
bemng closer to 20 vears, comipared to the ¢ 1entassumption ot
Fryears Smularly. the usetul Tife of equipment and instrumen-
wtion shouid be considered as 5-10 vears  dependmy on the
lass ot equipment. compared to the present level of 15 years
This should be translated into the appropriate levels of use
allowanee i the acgotiated indirect costs, thereby allowing an
dppropriate recovery of tunds to allow continutng marntenance
and construction, as necessary n the universities

We turther recomme Jd that retmbursements fo, 1nterest on
vorroned capital (which s now incorporated into total acquisi-
tion cost of a laboratory or instrumenty should be made a
spardte category tn the OMB A-21 directive on indirect costs.
This separatton will avord any posaibthey of nusunderstanding
as this relatively new component of allowable indirect costs
mereases rapidly with the smitatton of more university renova-
tion and burlding

10. Relationship with Industry

I v cClear that the government-university interactions have
had cunstderable impact on both participants  Industry -
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university interactions, as noted earier, have been much more
limited and, except in unique cases, of much less importance

Insustry has long had direct links with universities, usually
on a one-to-one basis. with some fields having closer rela-
tionships .han others. But these relationships have depended.
large part, on very unique individuals, and their practices were
not widely copied n either U.S. industry or the universities
Much more widespread. f course, are individual faculty con-
sulting relationships.

During the late seventies, however, 1t began to be recogmized
that the pace of international technological change required a
greater awareness by U.S. industry of university research de-
velopments. Moreover, widespread predictions of growing
shortages of qualtfied electronics engineers and computer scien-
tists, and indeed shortages in almost all engineering, mathe-
matics and physical science disciplines, led many corapanies to
reconsider their university ties and their roles 1n university
aifairs. While their actual direct research funding levels 1n
support of university activities are stll less than 10 percent of the
federal government’s, industry has begun to develop a wide
range of mecharisms for interacting with universities. Par-
ucularly important 1s the assistance that industry can give n
providing information to university researchers on areas of basic
research that may form the background to the solution of recog-
nized current or future practical problems. In this context,
cooperative reseaich through individual contracts, industrial
affiliates programs and university cooperative research centers
have all received growing attention and support. The federal
government has attempted to support these trends by joint
funding of cooperative research programs and by supporting
Inovauve new university problem-solving centers.

Perhaps most imporuant of all in the growing rapprochement
of U.S. industries and universities is the dissipation of stereo-
types developed during the postwar ycars of readily available
federal funds for universities. Both industry and the universites
were diminished and weakened by the breakdown, during this
period, of their former interactions and channels of communica-
tion. Industry can, and must, bring to universities a rerewed
appreciation of the challengrs and opportunities that exist in
industry and 1n the international marketplace, umversities, n
turn can, and must, bring to their industrial partners a renewed
appreciation of the ~ontributions that well-trained, bright young
minds—as well as the fruits of umversity-based research—can
make to retaining for U.S. industry a leadership role in a rapidly
evolving, increasingly technological, and increasingly competi-
uve world. Industries are thus finding themselves dependent
upon the university system for both talent and new knowledge,
the products of university education and research activity. Cur-
rent industrial support of the universities, however, does not
measure up to this dependence.

The Punel believes that the federal government can—and
should—act to promote greater industrial participation in umi-
versity activities and that such participation 1s very much in the
natic "al interest. We therefore recommend that a 25% R&D tax
credit should be extended to cover fully dustrial research
expenditures in academic institutions We further recommend
that this deduction should not be incremental but rather a full
deduction and that a tax deduction for the full market value of

equipment contributed to academic institutions should be
established.

11. Multidicciplinary Science and Technology
Centers

Of greatest importance, however, 1s the need to use the
existing strengths of voth the universities and industry jointly to
address problerns of iong-range national scope In order to
ensure that we can recognize and seize technological oppor-
tunity, we must create a research environment that can facilitate
change across disciplinary boundaries. A first step has been
taker: 1n that direction through the formation, at NSF, of multi-
disciplinary problem-onented engineering centers. It 15 neces-
sary now to expand this concept from the narrow engineering
focus to the: broader view of science and technology centers.

Much of the most exciting research to be undertaken in the
future will not fall within the traditional natural science disci-
plines. As the questions relating to science and technology
become more complex, and demand teams ol researchers with a
broad range of expertise, it will be to the Nation's advantage to
provide multidisciplinary centers for their solution, Indeed, 1t 1s
increasingly the case that the most exciting and fruitful research
opportunities are to be found in the interface areas between the
traditional disciplines. As presently constituted, the universities
cannot comfortably accommodate nterdisciplinary research. It
will be impoitant for the federal governmeut to provide funaing
to enhance these interd:.ciplinary activities within the
universities

The rationale for such an approach has already been stated,
but 1s worth repeating. Emerging technologies are the founda-
tion of industrial corapetitiveness, and aepend heavily on future
developments in basic research. Consequently, we find the
demand for trained manpower and effective knowledge-transfer
growing steadily. This can be most effectively stimulated by tne
federal government through support for “strategic research,”
1.e., basic research carried out with the expectation that it will
provide a broad base of knowledge necessary as the background
for the solution of recognized practical problems.

An emphasis on basic research is consistent with recent
government policy. In 1981, development was the largest part of
the non-defense federal R&D budget, and basic research was
the smallest. By 1984, that ratio had completely reversed (Fig-
ure 8). We support such a policy, and would recommend a major
initiative in the federal support of basic research in universities
through the establishment of research and technology centers
directed to | ‘oblems of broad national needs and r.levant to
industrial technology.

In meking this recommendation, 1t bears emphasis that a
number of universities have already accumulated subsiantial
experience over many years in bringing together federal, indus-
tnal, and university interests in collaborative research pijects
and centers; it is important t™at the '2ssons to be derived from
this experience be incorporated 1n all new inttiatives in this area.
Much basic research does not lend itself to the large-center
approach; preservation of the natura! diversity of the basic
rescarch enterprise 1s essential. 1t will also be important to
recognize and make due allowances for those areas of basic

ERIC 23

Aruitoxt provided by Eic:




research that may erther in fact or in perception appear to be
displaced or frozen out by the larger, more newsworthy, or more
topical center activities.

Despitc the substantial increases it industry participation n
university-based research in recent years, it should be noted that
the supply of industry resources for—and of industry interest
in—such activities cannot be expanded indefinitely. It 1s essen-
tial that this be borne rirmly 1n mind in responding to umversity
initatives for the creation of new science and technology
centers

12. Recommendations

1. The federal government should make substantially greater
investments 1n our centers of learming 1n the 1980’ and
1990's than in the 1970. The recommendations set forth
n this report, 1f they are to be implemented fully, require
significant increases 1n financial support. The source of
such funding in these times of fiscal stringency is not
obvious. KReallocation of R&D appropriations appears to
be the most probable sourc., but we believe that incremzn-
tal new funding will be required. In any case, we empha-
s1ze that this federal investment. at mmimum. must keep

2

e,

'

pace with the overall national investment in R&D. at the
current rate of growth 1t will double 1n ten years. More
rapid growth 1s essential if out aniversitizs are to meet the
burgeoning demands being made upon them from almost
every sector of our society The federal government 1s the
only practical source of furding for the major part of this
growth

. The investment approach to university research, recogmz-

ing and contributing to the long-term health of the univer-
sity research system. must be mantained through statle
and continued support.

. The federal government should support a major initiative

to establish university-based nterdisciphinary, problem-
onented research and technology centers directed to prob-
lems of broad national needs and relevant to industrial
technology

Federal policies should recognaze that the costs of univer-
sity research facilities and equipment are a necessary part
~f fedarally sponsored, university-based research costs.

The portion of federal research grants and cSctracts that
reimburse universities for use or depreciation of facilities
and equipment (use aliowances) should be based on real-
wstic useful hife-times:

a. Useful hfe of university buildings and facilities should
be reduced from the present level of 50 years to 20
years.

b Useful life of equipm..at and instrumentation should be
reduced from the present level of 15 years to 5 to 10
years, depending on the class of equipment.

These changes, which do no more than inject reality nto

the costs of doing research, will increase substantially the

indirect fraction of total cos:s. This increase should not be
drawn from direct research costs but from reallocation of
funds from other sources.

To allow U.S. universities to restore their infrastructures
n timely fashion, a facilities fund should be established
within NSF for each of the next ten years. And thatin order
to encourage excellence:

a  All proyosals submitted to this facilities fund should be
subjected to peer review within the scientific or tech-
nological community involved, and

b. All awards from the fund should be made on a 50/50
matching basis with non-federui funding.

Reimbursements for interest on borrowed capital (which
1s now mcorporated into total acquisition cost of a labora-
tory or instrument) should be made a separate category 1n
the OMB A-21 directive on indirect costs.

Any reorgamization of the federal tax code, should recog-
mze the importance of increased industry-university inter-
action. A 25 percent nonincremental tax credit should be
established for industrial funding of un:versity research
and for industry-supported maintenznce and se.».cing of
university equipment. A tax deduction equal to the full
market value of all industnally contribute¢ equipment
should be established
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IV. THE COSTS OF ACADEMIC SCIENCE

AND ENGINEERING

No nation can mamtan a position of leadershup in the world of today unless it developy to the foll s saentific and technological

resources No government adequatels meets s responsibilines unless it generowshh and mtelligentiy supports and encourages the work of

scienc s i unnersiy, mdustry, and ey own laboratories

1. Introductinn

The combined efforts of government. industry and the univer-
stties have. over the years. given the United States one of the
finest university systems 11 the world—both 1n scope. and 1
many quality measures as well. Through their tremendous diver-
sity and accessibility, our untversities have made the U S a
world leader 1n science and technology The evolution of the
system has produced peaks of excellerce 1 both public and
private 1nstituttons, and across virtually all acadennc diser
plines  Our untversities continue to educate top-quahity scien-
tists and engineers, and to develop new scientific and tech-
nological nsight and understanding.

In recen’ years. however, disputes have arisen over the costs
of federally sponsored research at universities, over what those
costs actually are and who should bear them. As disputes have
iniensified. the mechanisms for maintaining a healthy university
<ystem have broken down For example, mystrust between un:-
versities and government agencies has Jed to micromanagement
of the research enterprise by the agencies and the imposition of
cost accounting paperwork burdens that reduce efficiency and
creativity 1n both research and education. The Panel believes
that the time is ripe to reexa:nine the contioversy over the
costs of research and to create a system that maintains the
health and excelle:. e of our universities.

2. The Coss of University Research

Because of the interweaving of education and rescarchin U S
higher education, 1t has never been easy to quanutfy the actual
costs of university research. Some costs, such as those tor
specialized equipment, can be clearly reiated to research Oth-
ers. like utility costs, are more difficult since part 1s related to
research and part to education. Accountants have divided the
costs of research into two categories’ direct and indirec. costs
Direct costs are those attnibutable to specitic projects—costs
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such as time and eftort A the principal mvestigator, project-
specitic research equipment. travel expenses and soon  Indirect
costs are those not easily allocatahle to specific projects: exam-
ples include the hifetime costs of laboratory space and research
equipment, adnunistration. utifities. et¢ The separation 1nto
these two categones. direct and indirect. 1s urbitrary and differs
from 1nsttution to institution.

When the federal government awards a research grant or
contract to a university. it agrees to reimburse that umversity for
a setof costs attributed to that particular project. The reimburse-
ment includes both « direct and an indirect cost. (A detailed
discussion of indirect costs can be found in Appe hx F) The
amount ot the grant is based upon the direct cou.s and an
additonal percentage of the direct costs to cover indirect cos’s
The percentage. known as the Indirect Cost Rermbursement
rate or ICR rate, 1v agreed to by negotiations beuwween the
federai government and the university. Cuirently. the Depart-
ments of Heaith and Human Services und Defense represent the
federal government 1 such negotiations for il of the agencies
that support work 1 a particular umversity Generally, the
umiversity will compite documentation of all costs 1t classifies as
indirect 1n a given tme period and 2ttempt to deternune how
much of each category of mdirect costs 1s attributable to re-
search The total indirect costs attributable to tederally funded
research s then divided by the institution’s total modified direct
research cost retmbursement (the “organized research base™) to
determine that institution’s ICR rate The indirect costs at-
tributable to unsupported research and to other mstitutional
activities are borne by the nstitution

The Office of Management and Budget Circular A-21 at-
tempts to define the costs of research eigible for tea:ral reim-
bursernent (see Appendix F) It also establishes critena for
documentation and allocation of costs, 2nd for negotiation be-
tween federal agencies and the universities  Circular A-21
provides a framework for discussion It has not, however, sig-
nificantly reduced the controversy over the costs of research.
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3. The Controversy Over Research Costs

There are three basic groups at odds in the controversy over
the costs o rescareh taculty rescarchers. university admin-
istuators and governme e adninistrators - For each group. the
combination of rising costs and slover growth n tederal re-
search budgets creates a different problem  To taculty re-
searchers tand federal agencies) the problem 1s that indirect cost
reimburcements are crowding out those for direct costs Less
and less of every rescarch dollar 1s going to mvestigators and
more unu more to university adnunistration To university ad-
ministrators. the problem 1s simply that reimbursements are not
keeping pace with total actual university rescarch costs Govern-
mentagencies are concerned that university research 1s becom-
Ing creasingly expensive at a ime of tnereasing demands tor
the results of that research—talent and knowledge—and of
hnuted federal rescarch funding They recogmze .hat they wiil
be under increasing pressure to mnerease the pace and seope of
university research. and yet they are already in trouble funding 1t
at 1ty present level. They are also concerned that the rescarch
community 1s not. 1n their view. providing an adequate account-
g to the taxpayers for the support recerved

The controversy arises as the three groups try to reconcile
their competing peispectives Many faculty researchers. seeing
their direct cost reimbursements crowded out by .ndirect cost
retmbursements at a time when university bureaucracies often
appear to ihem to be burgeoning. suspect that at least some
indirect cost reimbursement claims are not entirely reasonable
or necessary These suspicions are reinforced by the perception
that universities hav~ few incentives to contain 1ndirect cost
reimbursements. Many goverament admunistrators. searc.ing
for ways to et back on indirect cost reimbursements. are struck
by the wide vanation 1n ICR rates 2inong 1nstitutions (see Table
3) and thus share with the rescarchers the suspicion that perhaps
not all clanms are reasonable and necessary In addition. some
govemment officials wonder whether 1t 15 even necessary or
proper. particularly during a ime of limited research funding.
for the government to reimburse universitics for all the costs
they claim. even when those costs are legitimate

Itbears emphasts 1n any consideration of the variation of ICR
rates that private and public universities really cannot be judged
on a common scale In general in the public institutions. state
legislatures provide support for many aspects of frastruciure
costs that 1n the case of the private mstitution become part of the
federal indirect cost pool In Table 3. for example. public
istitutions tvpically have ICR rates below 50 percent and
private institutions 1n excess of 50 percent

University administrators respond to faculty members and
government otficials with four points First. they argue that the
causes of the 1ncreases 1n indirect costs are real. citing a typical
examples the needs tor facilities and equipment. and growth n
energy and library costs The growing university burcaucracies.
they co. 'end. are a response to the prohiferation of government
red tape  Second. they argue that 1t 15 meaningless to compare
indirect cost rates among institutions because of the variations m
their accounting systems. geographical location, research orien-
tauon. age ot physical plant and other difterences Third. nni-
versities argue that. despite charges to the contrars. they do have
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signtficant tncentives to contain ndirect costs. masntuch as the
gevernment reimburses only that portion of indirect costs that
can be attributed to gevernment-sponsored research activities.
¢ g . partot ibrary costs Universities have always had to beara
portion of these indirect costs Also. there 18 constant pressure
trom the research faculty to keep the ICR iuie down., particularly
trom those faculty members whose support  administered
under the NSF mechaiitsm (see later discusston .. NSF and NIH
mechanisms tor ICR reimbursement) Finaily, the universities
argue that they do 1wt even clum many legitimate costs of
federally sponsored research and that bemng forced to bear a
greater share of those costs only dive:ts scarce resources from
other worthwhile campus activities many ! which coniubute
to the overall strength of the research and education enterprise

As university research activities grow in scope. university
otficials increasingly poird to the tact that such costs as fund
raising. the bridging of investigators or research groups between
externally supported projects and the provision of seed support
required to nttiate entirely new research activities (in industry
federal IR&D ailowances provide this support) are not allowed
as components of indirect costs even though they play important
roles in maintamning and impioving the health and vitahty of the
overall umveruty rescarch acuvity These costs too must be
covered by institution resources,

The controversy over divect and indirect costs focuses on two
1ssues fundamental to any understand:ng between the univer
stties and the federal government. First which costs should be
considered reaconable and necessary to the conduct of spon-
sored rescarch” Second. what share of those costs should the
government bear” Mutually agreed upon answers to these gues-
tions will remove a major impediment to a smoothly operating
relationship between the government and the universities

TABLE 3
INDIRECT COST REIMBURSEMENT “ATES
AS A PERCENT OF DIRECT COSTS
FISCAL YEAR 1985

INSTITUTION ICR RAT_
Johns Hopkins 640
Univ of Califormia, San Francisco 306
Harvard Medical School 990
Harvard University Areas 624
Yale 680
Stanford 690
Columbia 741
University of Washington 400
Univ of California, Los Angeles 430
Un ersity of Pennsylvania 640
Washington, St Louis 510
Yeshiva <75
Universiiy of Michigan 500
University of Wisconsin-Madison 430
University of Minnesata 410
Duke University 500
Univ of California, San Diego 365
University of Chicago 690
Cornell University 633
Cornell University Medicat College 460
MIT 615
Univ of California, Berkeley 440
National Average 493
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4. Indirect Costs

Ther. has been almost no centroversy over the rea
ablen.ss and necessity of direct costs; there has been much over
the reasonableness and necessity of direct ones This 1m-
balance both reflects 1d perpetuates the musperception that
direct cos's are somehow 1nherently more legitimate than indi-
rect ones. In fact. both are real costs of research A possible
explanation 101 the differing perceptions may lie 1n the tact that
1n contrast to indirect costs. direct ones are vniversally subject to
peer review and judged qualitatively 1n those reviews for their
reasonableness ond necessity. This process 1s accepted as legiti-
mate by the federal government. ti'e universities and the nves-
tigators T assessments made by peer review individuals and
panels as to how reasonable and necessary a research budget 1y
are generally viewed as sound and credible.

Goverr:ment . 2views and audits provide scrutiny of indirect
costs Just as peer review does of direct costs. Federal indirect
costs negntiators make on-site reviews of all indirect cost pro-
posals bef>re the ICR rates are negotiated. and some proposals
are subjected to a full audit. These reviews focus on whether the
proposed costs are allowable and relevant to the performance of
research and on whether the nstitution’s apportionment m..h-
ods result 1n £~ quitable allocation of costs to research pro
grams Because these indirect costs relate to the institution™,
overall uperations rather than to specific research projects, such
reviews cannot—iand do not—make an assessment as to the
reasonableness of the institution’s proposed indire  cost
charges and allocations

5. The Documentation Problem

A further form the controversy ass't.. S 1S ver costs ihat are
inherently difficult to quantify or justity. In an attempt to ensure
that rederal research dollars are being spent properly. the gov-
ernment has increasingly required documentation of research
costs. Predictably, requirements to document costs are greatest
where documentation 15 most difficult in effect. the govern-
ment attempts to legitimatize through paperwork research costs
that are difficult, if' not impussible. to justify through other
methods. This does not mean that such costs are inherently
unieasonable. only that 1t 1s difficult to prove otherwise. In
general. the government requires documentation on costs asso-
crated with federal research as well as on some tiat are not In
atfempting to ensure that 1t 1s reimbursing the actual agreed costs
of doing federally funded iesearch. the government has .mposed
layers of documentation and administration requirements upon
the universities. Such mefficiency and micromanagement 1s a
natural corollary of a research funding policy based on the
procurement approach (1 e. pay tor whatever 1s needed. as 1t 15
needed) From the facalty member’s perspective the wor 4
example of such red tape 1s. of course. faculty effort reporting
A workshop on effort reporting was cenducted by the National
Academy of Sciences: referring to fuculty effort reporting. 1ts
memters concluded that:

the basic problem 18 that the requirements have
been patterned largely after mdustrial practice—
repular. after-the-fact reporting of time and ctfort ex-

pended. Such a scheme 1s not transferable to a univer-
sity. Effort reporting forms call on faculty members to
allot their time among a number of discrete functions.
Most faculty eftort, however, serves several ends at
once and cannot be distributed rationally among dis-
crete functions  An investigator working with a gradu-
al~ siudent 0+ a research project, for example, simply
canno divide such effort neatly into research and
teaching.

By setting faculty, university administracors and government
agencies against one another. faculty effort reporting works
against the development of teamwork and of any sense of
partnership in the enterprise. The reporting requirements serve
t0 perpetuate controversy over costs that are inherently subjec-
tive and 1mpossible to quant.fy, as well as creating animosity
over the unproductive paperwork 1nvolved.

There are many other paperwork requirements which are
equally 1mefficient and which serve to irhibit a healthy reia-
tionship between the universities and the government The
federal government, forexample. now requires inventories of all
research equipment owned by an institution, no matter how
acquired, in order to compute use allowances. The govern: “ent
also requires exhaustive project-by-project documentation of
research subcontracts to small businesses Such requirements,
even when laudable in origmal principle.*  rk agamst the goal
of efticien: research.

None of the present documentation requirements promotes
any greater consensus over what constitutes the reasonable and
necessdry costs of research In addition to the damage they do to
the university-government relationship. these requirements also
cbviously increase the administrative costs of federally spon-
sored research

6. Micromanagement of University Research

In addition. other requirements imposed by the federal gov-
ernment limit the flexibility afforded researciers in the manage-
ment of their federal grants or contracts In some agencies, the
period of grants 15 as Little as two years. and many must be
reviewed annually. Renewal involves preparation of detailed
accounts of both past and future work. and 1nvites concomitant
scrutiny and micromanagement by peer review panels and agen-
cy program officers. Researchers are rarcly permitted to carry
over uaexpended contract funds from one year to the next.
Equipment purchases over $5.000 must be cleared through a
local screentng process, allegedly to prevent d' Mication. And
perhaps most important of all. principal investigators, who are
best able to judge the mternal priorities ot their research pro-
grams. are in some mstances unable to transfer funding. for
example. trom other aspects of thetr programs to the support of
araduate studen. and professional travel. without the explicit
and time-consuming approval of agency program officers. The
government. reacting in part 1o the controversy over the cost of
research, has sought to increase accountability by imposing
counterproductive regulations which impede flexibility.
creativity and efficiency 1 university rescarch.

The universities. 1n turn. have had hittle choice but to adopt a
short-range belt-ightening view and. 10 consequence. have

21

27




done httle to enther mutigate the government’s distiust o1 in-
crease the tlexability of the enterprise 1n the tace of government
red tape  Their accounting systems are often arcane and anti-
quated. leading credence to the impression that they are not able
to account tor their costs They have sc ldom imtiated alternative
organization structures, such as cross-disciplinary centers or
block grants to groups of rescarchers. which nught mcrease
flexibihity even despite federal regulatory imitations

7. Mandatory Cost Sharing

Faced with the destre to reduce their research cost reimburse-
ments to utaversities, Congress has decreed that for some agen-
cies (¢ g NIH). the government should stmpiy not bear all the
costs of federally sponsored umversity research, Based on the
concept that universities would be mere determined to contan
research costs 1f they are obliged to pay a portton of them,
miandatory cost sharmng was introduced as an incentive for the
universities to be efficient 1n their management of the federal
funds provided

Despite the tuck of any consensus underlying the policy. the
government has applied this cost-shaning principle in other areas
as well In 1983, NIH ndirect cost retmbursements appeared fo
be exceeding NIH'S budgets As a short-term solution, the
ageney attempted to reduce 1ts indirect cost retmbursements by
10 percent across-the-board. It made no determination that the
retmbursement claims exceeded the reasonable and necessary
costs, the implication was simply that NIH would not agree 6
pay more than 90 percent of the costs claimed. This attempt
farled because of active lobbying by the 1esearch community
Continuing dissatistaction with the perceived shortconmings of
the indirect cost rermbursement procedures ensuie that the issue
will not disappear Other, more drastic proposals, such s an
indirect cost rermbursement based on a fixed 25 percent of direct
costs, have recently been considered seriously by OMB

8. Indirect Cost Reimbursement

There 1s a hinal ssue—the ways 1in which indirect costs are
determined and remmbursement policies put mto practice
Federal agencies which sponsor unmiversity research currently
employ two somewhat different methods for calculatng re-
search cost retmbursements. Both are based on OMB Circular
A-21 At NIH. which funds half of the federally sponsored
umversity research. research proposals mclude only the direct
project coste ™ eview panels then consider only the direct
portron of uic bu. _. 1 1f an award 1s granted. the mstitution™s
current indirect cost rer abursement rate 1s applied automaucany
by the agency. In mulu-year grants. should this rate rise during
the term of the grant, the indirect cost rermbursement rises
accordingly

AUNSE and alt other major federal research agencies, reim-
bursement practices i ¢ similar, but their effect 1 1 practice
somewhat different At these agencies. rescarch project budgets
mnclude the total proposed costs—the direct cost components (as
in the NIH practice) plus the indirect cost retmbursement  Prior
1o an award, the total costis negotiated by the nr ncipal program
officer on behalf of tne agency and by the principal investgator
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on behalf of the institution Under thes system, siace the total 1s
usually, but not necessanly, fixed over tme. if the indirect cost
rate 1ncreases, the direct cost retmoursement—those fund,
avarfable to the researcher—is reduced

The practical and pohtical ditferences between the two sys-
tems are noteworthy  Both Lystems are subject to the same
mstitution-by-1nstitution indirect cost rates negotiated by (*OD
or HHS on hehalf of all federal agencies. But the NIH system
tends to be more closely assoctated with the "indirect cost
problem™ than does the NSF systern When the GAO undertook
10 study the “reasonableness of rising indirect costs,” it was NIH
that was the focus of the study And staustics show greater
growth in NIH reimbursements for indirect costs than in com-
parable NSF reimbursements. In 1966 when the government
removed the 20 percent fixed rate on indirect costs, the ratio of
wndirect to total cost reimbursements was the same (20 percent)
atboth NIH and NSF (See Appendix G) By 1981 that ratio was
30 percent at NIH. but only 25 percent at NSF. And whereas
NIH™ ratio continues to grow. NSF’s has remained relatively
constant

Another reason why NIH has been more often associated with
the “indirect cost problem™ 15 that 1ts system subjects fewer cost
components to internal pressures within a given institution than
does the NSF system In the NIH system. the researcher 1s
concerned only with the direct costs of research, and indirect
costs are the concern of 4 university admimstration negotiztor
and the negovator at HHS or DOD. In the NSF system, the
researcher sees each dollar of increased indirect cost recovery
subtracted directly from the amount available for research, 1t is
thus an 1ssue between the investigator and his unrversity’s ad-
nunistration. In the former. the researcher argues with Wash-
ington, « the latter. with university admimistration colleagues.
In the NIH system the pressure 1s on government agencies 1o
balance rising cosis against fiscal imitations, 1n the NSF system
the pressure 15 on the universities In the NSF system, therefore.
faculty are Iikely to be immediately aware of. and thus bring
pressure to nuninnze, actual indirect costs. thereby working to
heep ICR rates down

Finally. and perliaps most important of all. 18 the way in which
the two systemis affect the indirect cost controversy The NSF
system 1s more Itkely than the NIH system to be accused of
incomplete retmbursement. since the agencies do not adjust the
total amount of a grant to absorb possible 1ncreases i the
applicable ICR rate during the term of the grant Conversely. 1t1s
less likely to be accused of retmbursing for mote than the
reusonable and necessary costs of -~scarch, since the NSF
system encourages taculty and umiversity adnunistrators to de-
bate the indirect costs

Several conclustons can be drawn from thie  dvas First,
stnee there has been almost no controversy over direct costs, one
can conclude confidently that the peer review system is a sound.,
credible and cffective mechanism for distinguishing reasonable
and necessary costs from unreasonable and unnecessary ones.
Second. because faculty pressure works to mmmuze indirect
costs, the Panel believes that the NSF reimbursement system is
preferable to the NIH one and that no ouvious benefits accrue
trom the present dual system We therefore recommend that
all federal agencies supporting university-based research
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take steps t¢
rei. .bu sem

This shou J not become a.. invitation to NIH study sections to
micromanage the details of project budzets The membeis are
not Iikely to be well informed about the structure of indirect
costs. nor about the negotiations and audits 1 which cach
mstitution engages with the government The project review
staft at NIH can be appropriately educated and may then be able
to guide the pe rreview mechanisms 1n ways consistent with the
agencys pe oy There 18 no reason. however. for total project
costs (including indirect) to be concealed from the revien
precess

dopt the NSF practice for indirect cost

9. Conclusions

The attempts to define precisely the costs of research at
umverstties have resulted 1n excess of paperwork that 18 selt-
defeating. and a constant source of stress between government
manaeers. faculty. and university administrators  As an examns-
ple. the mandatory cost-sharing concept has generated paper-

work and consumed resources. but has resulted 1n nothing of

valee Mtshould be recognized that support of personnel. support
of students. and the provision of an environment conducive to
the ¢ nduct of research and training. in themselves constitute
cost sharing Docuimentation neither adds to nor subtracts from
this

Sinularly. the need for faculty eftort zeporting results mn a
totally artificial separation of the multiple overlapping respon-
sibthities of university faculty members Since the active re-
search eftort 1y also a tranting tunction. since a single laboratory
nay have several related grants. since partictpation in university
and departmental governance also involves administrative func-
tions related to management of federally supported research,
and. particularly. since no taculty member works as Iittic as
forty hours a week. the formal effort reporting requirercnts are
simply administrative fictions

These examples are perhaps the most striking, but by no
means the only. manifestations of what can oniy be called
bureaucratic accretion Although the need for accountabihity
which spawned thewe procedures 1v understandable. the out-
come 15, on balance. counterproductive to the goals of all
involved. Some attempt at simphtication 1s desperately
required

The direct cost isue has caused similar. and perhaps even
more severe. problems in summary. indirect costs can be
divided 1nto infrastructure and adm istrative costs. Virtually all
the controversy centers on the administrative costs and. 1n
particular. the apparently puzzhng variation 1 rates from in-
stitution to 1nstitution  As descrnibed in Appendix F there 1y
Justification for this diversity. However. the ctfort reporting. the
bureaucratic burde s, the mcereasing divisiveness, and the
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damage done to the umversit;-government partnership that
tflows from the present continuing mstitution-by-institui.on ne-
gottation ot tnduceet costs cannot be qustified

In conclusion. the Pancl strongly recomn. .ads that the tederal
government agree to bear its tull share of the cost ot university-
based federally supported rescarch. This would entatl an under-
standig that cost sharing 1s mherent i the resources that
universities bring to the research cftort In order to case the
stresses resulting trom negotiated direct costs, a single level
tor the administrative component of indirect costs should be
established In parallel. a reduction should be made i the
unnccessary and overly burdensome paperwork associated with
grants and contract management, elimnation of the etfort re-
porting that will futiow trom our recommendation for the fixing
ot the adnunistrativ.e component of the 1ndirect cost pool will i
iself. go a long way toward reducing the friciion 1n the
government-university interface and the real level of indirect
cost

10. Recommendations

| The federal government should bear its full share of the
cost of university researc 1t supports.

9

Remmbursentents for administrative costs within the indi-
rect cost category should be fixed at a uniform percentage
of moditied total direct costs That percentage should be
the mean percentage over a five-year historical period. and
the adjustments should be phased 1 over a two-year
period to allow those nniversities now charging more than
the new fixed rate to plan for reduction. This change will
elimmate much of the need tor faculty ctfort reporting.

3 The formal requirement for cost sharing should be
chminated

4 The paperwork burden assoctated with grant and contrae
admimstration should be reduced to a miimum  In the
Pancl view. all faculty etfort reporting should be
climinated

5 Allfederal agencies supporting university rescaren should
adopt the NSF practice of including the indirect costs 1n
the project budget subject to peer review

The Panel recognizes that some universities will face reduced
indirect cost reimbursements if our recommendation con-
cerning administrative costs is implemented. We emphasize,
however, that our recommendations concerning more real-
istic use allowances for facilities and equipment are de-
signed, in part, to offset such reductions. It is therefore of
special importance that our recommendations be considered
as an integrated package; were they to be only partially or
selectively implemented, they could resuilt in significant
damage to the academic enterprise.
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V. THE ENVIRONMENT FOR ACADEMIC
RESEARCH AND EDUCATION

There s only one proved method of ass. ‘g the advancement of pure science—that of piching men of genius, backing them heavily, and

leaving them to direct themselves

1. Introduction

The U.S. university system is based on the fundamental
conviction that the discovery of new knowledge and the educa-
tion and training of new scientists and engineers are inseparable
activities. Students learn to be scientists and enguiteers by doing
science and engineering. Faculty members depend on the
creativity and fresh approaches of students to challenge accept-
ed paradigms and inject vigor and originality into the research
effort. Without a sufficient fiow of well prepared and motivated
students entering the university system, our national scientific
and technological enterprise will founder This serious national
problem—characterized 1n A Nation at Risk, the report of the
National Commussion on Excellence in Education, as “a rising
tide of mediocrity”—has been well studied elsewhere, and
significant corrective measures are under v/ay.

Central to the production of both talent and new knowledge
are university faculty members; they teach students and direct
research, usually simultaneously. The quality of the faculty
determines how well the universities are able to respond to the
Nation's demands for this talent and new knowledge. And the
effectiveness of faculty members depends on the environment in
which they function—what we call the academic research
environment.

This environment ha, many components: rescarch facilities
and equipment, university administration, federal funding
agencies, professional peers, industry connections, support per-
sonnel and students. In a healthy university, these components
promote excellence, imagination and responsiveness in the de-
velopment of both talent and new knowledge. Creating such an
environment requires the best efforts of industry, government
and the universities. We address a vari. y of 1ssues that affect the
creation of such an enviror. ent.

2. Stability of Research Support

Stability of research support means that research projects are
not unexpectedly interrupted. If federal funding to an individual

James Bryant Conant
Letter to The New York Tumes
August 13, 1945

investigator 1s interrupted, it .-an bring the research project to an
unexpected halt, seriously interrupt the progress of the graduate
students involved, force reassignment cf equipment and space
to other projects, and place into question the proressional fate of
the technical staff involved. Fluctuations in federal research
funding can greatly interfere with the training of graduate stu-
dents. If funding for a project ts interrupted or discontinued, it
means nconvenience and wasted time and effort for the pnn-
cipal ivestigator But fot the student, it can mean several ycars
of graduate school wasted and for some, a comprehensive reas-
sessment and -estructuring of their entire dissertation program.

Central to the maintenance of stability s the ability of individ-
ual institutions, through fungible cash reserves, to provide
flexibility or funding in ine event of unexpected fluctuations in
federal support. Such a capability depends both on responsible
financial management by the universities and on enlightened
acuons by both government and industry in making 1t possible
for the universities, already hard-pressed financially. to estab-
lish the modest reserves necessary to pcrmit their performance
of this flywheel function.

3. Optimizing the Funding Process

Most important. however. is the mcans by which federal
funds are allocated. The U S. is unique in the extent to which
responsibility for the allocation of federal dollars to scientific
research 1s largely in the hands of the scientific community
itseir. This is an arrangement forgea by enlightened represen-
tatives of both the federal government and the .cientific com-
munity 1n the immediate postwar period; 1t has allowed this
country to evolve a science and technology enterprise that is the
envy of the world. The peer review system on which this
arrangement 1s based has served the nation extremely well and
must clearly be preserved, but at the same time. over the years a
tew ditficulties have developed.
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a. The Peer Review Process

In the peer review system, an mvesugator’s rescatch proposal
s reviewed by a panel ot professional peers vho score the
proposal. theoretically on the basis of 1ts scientitic ment Fhat
score miay reflect. to some degree. the reviewer™s assessment of
the 1nvestigator. but the principal enmiphasis ha been on the
proposal as such Each agency. in genceral. ranks 1ts proposals by
score and awards grants 1n order of descending score until ats
budget for the vear 1s exhausted

The system of awarding grants and contracts on the hasis of
pecr review 1s essential to our ability to maintain excellence n
science But we have noted the tendency. over the past decade.
to focus more upon the specific research proposed and less unon
the track record of the proposing investigator Applied to an
endeavor such as basic research—a foray 1nto the unknown and
unpredictable—this trend can be counterproductive The skills
needed by a successful and creative researcher are above all
thove for mprovisation in the fuce of unexpected discovenes or
disappoint aents A caretully concewved proposal can never

substitute  or proven  d sustamned accomplishment—es-
pecially  the case of research of a frontier or exploratory
character .nd yet. proposals by estabiished. reprtable scien-
tists cortt e to be rejected by peer groups and agencies on the
grounds .t the reviewers perceive nsufficient chance of suc-
cess. mac  uate preparation or insufticiently precise anticipa-
tion of & i As one researcher told us.
Untor  tely, it 1s not an exaggeration to say that the

agencies expect a proposal to outline the anticipated
discoveries. . . To require that the solutions to all
problems be obvious before the research 18 begun
discrimunates strongly against innovative work.

Indeed. the peer review system has, at times. been antag-
omistie toward creativity, ard examples exaat of truly creative
and revolutionary rescarch that has been conducted 1n recent
years only i spite of obstacles inherent in the pecer review
process

In the course of our study. we have alvo heard tesumony,
which we find persuasive. that the present peer review process
frequently makes 1t difficult for researchers to change fields
Many highly competent scientists have been discouraged from
moviniz to possibly more productive and challznging tields by
the knowledge that if they remain 1n their established ones they
are reasonably assured of a steady flow of federal support. while
if they attempt to move, they may face a much more uncertain
future with new peer reviewers

b. Structure of Grants and Contracts

A further serious problem 1n federal supporst of university
research 1s the short duration of typical awards Many NSF
grants, for example. are made for only two years. DOD and
DOE grants and contracts typically require renewal on an annual
basis  As a result, mvestigators—and particularly voung
mvestigators—frequently spend 20 percent to 30 percent of their
time and encrgy 1n sustaining the flow of their rescarch support
Because these perods are so short. there 18 always the tempta-
tion on the part of peer review scientists to attempt to micro-
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manage the tesearch of therr colleagues, requuing modihications
ot proposals both at the cutset and during renewal of support
And because the short periads necessitate so many reviews, the
peer review system atselt at imes becomes overwhelmed dt s
not unusual tor g two-year grant request to require a yedr
hetween submi m and approval It a peer review panel finds
ditficulties with a proposal. the funding cycle 18 otten so far
advanced that a revised proposal may be ddlayed until the
tollowing vear In the cace of new proposals, this can simply
mean a vear of wasted time. 1n the case of renewals, 1t mzans
disruption of the work already 1n progress

In many cases, then, the peer review system imposes signiti-
cant and time-con- iming paperwork burdens, The challenge 1
one of retaiming e truly essential quality control aspects of the
peer revw process while mimimizing the associated bu-
reaucracy and conservatism

Bevond the peer review stage. there are other barners which
hinnt the abihity of rescarchers to direct opumally his or her
etforts. For example. the difficulty in redirecting grant and
contract tunds when new opportunities arise 1s one handicap. as
iy the mabelity to carry, {orward unexpended funds fromone year
to the next

We particularly recommend that agencies make greater use of
blech grants or contracts which permit groups of 1interested
rescarchers to band together in pursuing common research inter-
ests Thas approach allows groups of researchers to leverage
their tunds 1n pursuing their objectives  This can also have
important advantages 1n terms of continuity, development of
highly quahtied and long-term suppert groups. establishment of
mstrugientation and equipment beyond the range of any single
divestigaion o funding mstrument. maintcnance of that cquip-
ment by fully qualitied personnel and. pethaps most important.
the treeing of younger partictpating seientists from the time and
energy consunung bureaucracy mvolved in acquiring facthties.
instiume atation and support at a time when their creative powers
are at their peak

4. Student Support cnd Education

The heart of the university research system 1s the parallel
education of students  In view of the disproportionate leadership
demands that a demecratic society such as ours miakes on 1ts
mostable citizens, 1t 1s 1n the national interest that these individ-
uals be 1denufied and adequately supported at an ear'y pomnt in
their careens so that they can develop their skills to the fullest
No nation can long aitord to waste even a small fracthon of 1ts
mostable youth 1t s important to recogmze that many of these
individuals are meligible for the support. under current pro-
grams, that would cnable them to attend the insttutions of their
chowee

It 15 umportant to emphasize that the most able students 1n
mathematies, engineering. and the natural sciences be enabled
to develop then itellectual potentin .rd cicatvity We are
confident that this 15 0 the national nterest. 1t is the most
etiective investment that any nation can mahe s future 1ts
an essential contribution to ensuring that there 1s an appropriate
pool of well-educated. mterested. and dedicrated young people
trom which our graduate schools can draw

31




ERI!

Aruitoxt provided by Eic:

a. Undergraduate Scholarships

We emphasize our recommendation that this support to under-
graduate students be provided through programs of competitive
merit-based scholarships  All these at the undergraduate level
should be portable 1 the sense that once awarded. the suc-
cessful student should be entirely iree to hold the scholarship at
the institution of his or her choice. In additien to supporting our
most able youth, such a program has the great advantage of
providing a powerful 1ncentive to the receiving colleges or
umversities to evolve education programys of particular interest
and attraction to the 1nost able students.

We recommend that as a national goal 1 percent of the
most able undergraduate students in mathematics, engi-
neering and the natural sciences entering colleges and uni-
versities each year be supported under these programs. In
1983. some 196,923 students received their baccalaureate de-
grees 1 engineering, 1rathematics wind natural science If we
take this as a basis for estimaiion and assume that | percent of
the entering students recetve four-year scholarship support at the
level of $15.000 per year. the annual program cost 15 roughly
$120 million. We consider this vo be perhaps the single wisest
mvestment that we., a5 a Nation. could make

It 15 sobering to recognize. too. that statistics on the student
populations already 1n the precollege pipeline show that in the
carly 1990°s the annual nunmber of baccalaureate degrees
awarded will be close to 150.000 rather than approximately
200,00 as 1n 1983 Thesc are the data that underlie current NSF
projections of very serious shortages of enginee” anc “.cientists
in the 1990's.

It must also be empha-ized that the merit-based scholarship
programs that we recommend are certainly not intended 1n any
way to replace the current need-based programs that have given
access to mgher education to a wide spectrum of students to
whom 1t would otherwise have been denied—as well as making
our universities and colleges more interesting and effective
insitutions.

b. Graduate Fellowships

At the graduate level, a portion of the awards should be
reserved for fellowships for study at dewignated tnstitutions in
order to take advantage of special programs or facilities or tn
order to emphasize areas where special national needs may
become evident.

As shown m Figure 9. the percentage of foreign students
recerving doctorates 1n a number oi ficlds—but most especially
eng.aeertng—has been ncreasing 1n striking fashion 1n recent
years. [t must be emphasized. however, that this trend does nou
reflect any greatly increased flow of foreign students into our
graduate schools but rather a marked decrease 1n the number of
U S. students who, 1n the face of other opportunities, are
~hoosing to continue their education at the graduate level

The current shortage of U S. graduate students 1n engineer-
ing. mathematics, and physical sciences 1s being offset partially
by foreign students in U S. universities. The trends are a very
persuasive endorsement of the quality of U S graduate educa-
tion in engineering. mathematics, and the natural sciences as

viewed trom other countries. but they also indicate the need to
provide incentives for U § students to continue therr education
in these entical areas

5. The Universities and Industry

Because industry s the ulimate customer of a large fraction
of the scientific and technical talent and the new Knowledge
produced by the universities, industry s wisdom and nfluence,
quite apart from s financial support, are essential inputs to the
university research environment In recent years, substantial
progress has been made toward rebuilding the industry-
university bridges that were largely destroyed during the period
of rapid growth in federal support of unnversity activities tn the
1950°s and 1960's: much remains to be accomplished n this
vital interface, if a true industry-umversity partaership 1s to be
established 1n this country

As noted in Chapter I11. industrial involvement with univer-
sities 18 increasing through a variety of mechanisms. In addition
to these vaned forms of research interactions. 1t must be recog-
nized that the pnme motivation for overall industry support of
the health and activity of U.S umversities 1s the continuing
demand for tramed scientists. engineers and other graduates.
The technological revolution not only makes heavy demands for
new young scientists, mathematicians. and engineers 1n the
marketplace. but also focuses increasing ttention on the crucial
need for effective continuing education

Not too long ago it was widely assumed that the educational
phase of one's life was over after the completion of 2 formal
arnvCisity tiaihng and tliat 1t was Gine to move on to the 1¢al
world. applying that education But the increasingly rapid pace
of technological change has made such a view totally unaccept-
able—i1f indeed. 1t ever was acceptable Obsolescence or engi-
neering and scientific skills 1s becoming ever more rapid, and in
their own self-nterest, industries must work with un:versities to
develop and support new mechanisms and programs whereby
untversity resources of faculties and facilities can be made more
avatlable to older scientists and engineers who recogrize the
necessity of renewing and modernizing their expertise or who
may wish to make a major change in their career path Univer-
sities and industries should work together to provide effective
Iife-long educ.tional opportumities for employees and technical
people generally

As noted earhier 1r this report. the cuirent U.S. competitive
position 1n defense. trade, and health 1s strongly coupled t
carlier investments in science and technology. We are now being
challenged to remain competitive 1n those very areas of science
and technology where our preeminence was once unquestioned.
To respond to this challenge we must reestablish those links
between industrial tnnovation and academic science that were 1n
the past the catalysts of U S industrial technologies.

And this must be done with the recognmition that the problems
to be addressed have burst the conventional disciplinary bound-
aries. The basic research that will be necessary to fuel our
economy in the future will require nteractions across divcr-
phines and with the active collaboration of many groups having
different perspectives and tramning
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1t 15 our conviction that the multidisciplinary centers (dis-
cussed earlier) baced on these premises will allow a flexible
response to new opportuntties. give industry a window into the
campus environment. and will pay back the public investment
manyfold Such programs offer a student who has a firm
grounding 1n one of the established disciplines at the under-
graduate level an opportunity to contribute his expertise as an
efizctive partner in a multiaisciplinary program at the graduate
level that truly draws on the insights and intellectual resousces of
all the relevant disciplines Such centers can provide a focus for
faculty members who straddle traditional departmental bound-
anes and for whom universities often find it Gifficult to establhish
long-term posttions

6. The Universities and the Federai Laboratories

Increased interaction between the federal 1aboratories and the
universities should be encouraged The Panel fully supports the
recommendation 1n the White House Science Counail Report on
Federal Laboratonies that these laboratories should encourage
much more access to their facihues by both tinversites and
industry - kxchange programs that provide opportumties tor
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taculty and graduate students to work 1n the laboratones and for
laboratory scientists to teach 1n the universities and colleges
should be ¢nhanced The value of increased involvement of
university scientists and admini, trators as advisors to laboratory
programs was also noted in the Energy Rescarch Advisory
Board Report on the Relationships between DOE and the Uni-
versities The potential for existing feders! laboratories to play a
complementary role to the umversuies i both rescarch and
training should be further developed

7. Role of State Governments

l.ike industry and the federal laboratories, communities bene-
fit substantially from being locatcd near strong universities.
Stheon Valley m California. Route 128 1n Massachusetts, Re-
scarch Triangle Park in North Carolina, and sinilar develop-
ments in Austin, Texas, are well-known examples State govern-
ments have a responsibility to help shape and develop local
unnversities to meet regional nceds wnd characteristies Par-
ucularly with respect to state universities but also tor private
universities, states can have a prc tound eftect on the quahity of
mstitutions by augmenting tederal research poograms marcas of
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particular regional interest (i e . agriculture. seismology. metal-
lurgy) by providing infrastructure support and unrestricted
grants 1o institutions, to groups of rescarchers or to mdividual
faculty members and by becc.aing actively volved in the
education process Perhaps most significant. the state govern-
ments can work with local universities and tndustry to improve
pre-college education 1n science and mathematics. creating rip-
ple effects throughout the entire education system.

8. Conclusions

The comomation and balance of factors that create an effec-
tive environment for academic research and training are com-
plex and largely undefinable. The Panel has attempted to wden-
ufy several issues that have a significant effect on the way
research and training 1s conducted at universities. and where
beneficial changes can be made.

It 15 clear to us that the short duration of grants at many federal
agencies provides paperwork barriers and fiscal uncertainty for
the investigator that far outweighs any advantage to be gained by
more frequent monitoring of research progress.

An important imtiative that we recommend to increase the
effectiveness of the academic research environment 1s the 1n-
crease 1n duration of most federal grants to at least three and
preferably five years. This would increase not only stability but
also effectiveness in reducing the number of renewals and the

amount of reporting paperwork required 1n a given period of

ttme Durnng the past year. NIH has already taken important
steps to lengthen the periods of their grant commitments. We
applaud this initiative and encourage other agencies to follow
sult.

A related issue 1s the Iiberalization of policy so that nves-
tigators can make the most effective use of therr funds To
increase stability and flexibility i the use of research funds. we
recommend that successful investigators should be allowed to
use 10 percent of their grant or contract funding on a discretion-
ary basis: further. they should be allowed to carry forward
unexpended funds 1n their grants or contracts from one fiscal
year to the next.

As a final point in this area. we recommend that agencies
should make much greater use of block grants or contracts which
permit groups of interested resesrchers to band together n
pursuing common research interests

We would encourage the peer review group to tocus less on
the predictability of success implied in a propossl. and more on
the track record of the investigator

Together with research. the major misston of the universaty 18
the training of young minds. [t 1s the view of the Panes that a vital
element of national well-being depends on the opportunities
provided to its most able citizens, regardiess of economie or
social class. Perhaps the most important guarantee that these
opportunities will exist. 15 appropriate education and training

We recommend. therefore. the establishment of substanual
progranms of merit-based. portable. tederally supported schol-
arships and tellowships in mathematics. engineening. and the
natural sciences at the undergraduate level We turther recom-
mend that parallel programs 1n industry be estadhshed at the
imuatve ot individual compantes. It 18 essential that. at the
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undergraduate level. all these scholarships should be portable in
*he sense that once awarded. the student be allowad complete
treedom fo select the untversity or college 1n which th: award 1s
to be held

We recommend that the Nation should accept as a goal the
provision of ment-based support tor the mo .t able 1 percent of
our students 1n mathematics, engineering. and the natural sci-
ences entertng colleges or universities each year We are con-
vineed that this will represent the most effective investment " hat
this Nation can make in 1ts future. Substantial programs of
multiyear merit-based fellowships. both federal and industrial.
snould also be estabished 1n science. mathematics. and engi-
necring at the graduate level Reflecting broad national needs,
the field distribution of these fellowships likely would change
over time. At the graduate level. we recogn’ ¢ that it will be
desirable to have a substantial fraction of the awards nonportable
in the sense that they are attached to a particular nstitution.
facthity or program to reflect perceived national needs.

In order to nsure that st."dents can be sufficiently trained to
cope with the changing boundaries of research, we recommend
that more emphasts in univarsities be placed on the development
of interdisciplinary programs at the graduate and postdoctoral
level Universities offer a unique environment where not only
sctentific and technolosical expertise but also that from the
social, behavioral and economic sciences as well as the human-
1ies can be brought to bear on problems of major importance

We note at industries and universities have a common need
and responsibihity to develop attractive continuing education
mechanisms and programs for engineers and scientists that are
matched t¢ contemporary industrial requirements and to modem

scrence aid icchnology

9. Recommendations

I Federal agencies should work toward an average rescarch
grant o; contract duration at universitics tor at least three.
and preterably five. years

[

Investigators should be tree to use up to 10 po ceni of therr
grant or contract support on a fully diserettonary basis and
should be pernutted o carry unexpended tunds forward
trom one fiscal year to the next

3 Federal agencies should make much greater use of block
grants or contracts 1 support of groups of investgators
having sha. :d research 1nterests

4 For greater flexabihty. to facthtate changes 1n an 1nves-
tgator's neld of research. and to support high-nisk re-
search. federal support agencies should. except in the
cases of young investigators. place substantially more
emphasts upon the research history ot the investugator and
less on the proposed research project 1in making awards

5 A substanual program of ment-based. portable schol-
arsuaps should be established by the federal government at
the undergraduate level Parallel programs should be es-
tahlished by all industries having significant dependence
upon unnerstty research and education The national goal
should be tor the mostable 1 pereent of the undergraduate
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students 1n mathemeies, engineering, and the natural
sciences entering colleges or universities cach vear to be
supported under these programis This program s recom-
mended as an addition to, not a substitution for, existing
need-based federal aswistance programs

Substantial programs of multi-year ment-based tel-
lowships. both federal and mdustrial, should be estab-
itrhed 1n science. mathematies, and engineering at the
graduate level Reflecting national needs. the field dis-
trivution of these tellowships would be expected to change
over ime

7 Umnversities should encourage mterdisciplinary activities

at the graduate level while retaming the essential quahity
control tunction now played by the traditional disciplinary
departiments

Industries and universities should develop attractive con-
tinuing education prozrams for engmeers and scientists
hat arec matched to contemporary industrial requirements
and to modern science and technology
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VI. Summary

For most ot this country s history. basic research was largely
neglected. and came predominately from Europe Federal 1n-
volvement 1in universtties was primanly 1n applied areas such as
~griculture and engineering  Industry also had Jimited interac-
tion with untvensities. and again essentially in apphed field: Fer
the past 40 years. the major elements 1n the evolution of
univers.ty-based research has been the relative weakening of the
unmveraty-industry connection and the strengthening ot the
unnversity-federal government interaction (Note that a three-
way partnership” has never had more than a transten: and
limited exastence ) In parallel with these changes has come a
growing recognition of the mmportance of basic research n
serving the needs of society. and of the importance of the
universities 1n this endeavor

The federal government’s relationship with the umiversities
has always been based on the premise that university activities
ate fundamentai to nicenng soctery s needs Over acenuey ago,
the Nation's dependence upon the agnicultural economy siimu-
laied establishment of the land-grant colleges. whose re<carch
and traiming helped make Amenican farmers the most productive
on earth Today. we depend on technology for our competitive
edge in virtually every area of our economy. Our investiments in
umversity education and research. and thus in new scientific
know ledge and talent. are therefore even more important To
carry out this mission. 1t 18 essential that the major participants
in the rescarch enterprise. government. industry. and umiver-
sities. clearly define their roles and responsibilities 1n the
partnership

It mus, b2 recogmzed. however. that university-baced re-
scarch has. 1n the modem era. been 70 percent supported by
tederal funds and that more than 60 percent ot the basic rescarch
performed 1n this country 18 conducted at universities. The long-
range nature of basic rescarch. and the absence of any predicta-
ble payotf. cffectively precludes sigmificant mvestment from
industry Furthermore. the scope of university-based research 1
fa- too great to be supported through internal resources alone

Consequently. it 1s the federal contribution that will determine
the rate of growti of the system Perhaps even more important
than the leve! of funding. however. 15 the need for stabihity and
predictability of scope and support from federal funding They
are essential to the effecuve use of financial and human re-
sources In the past. such stability has been sadly lacking. Inits
absence. important opportumties have been lost. resources have
beea used 1n less than opum''m fashion, and. most serious of all,
some of the brightest young minds have been lost to science and
technolog,

The interaction of industry with the universities 15 essential to
provide an effective explostation of the research base This
partnership 1s critical to our national well-being 1n an in-
crewsingly competitive world marketplace Particularly impoi-
tant 15 the assistance industry can give i understanding the
translation of basi: research to techrology development. As
nuted cariict. e natute of these mteractons die 4s HpuLant as
the direct financial contnbutions which industry may make to
the sepport of research.

The Panel has attempted to 1dentify some specific problcms.
and has made specific recommendations that bear on the health
of the universities. Independent of the scenarios that the
Panel has considered, one clear fact emerges. Within the
context of probable future growth, hard choices lie ahead for
universitizs. It will not be possible to accomplish all the
things that would be in the national interest in the near
future; it may weil be impossible to accomplish all of them
even in the long term. It 1s the responsibilit of cach university
to make the difficult trade-ofts among faculties. facilities and
programs necessary to maintain its institutional health and vi-
tality within whatever level of external support it may find itself
constrained to operate It 15 equally the responsibihty o all of
the participants 1n the R&D cnterprise mutually to estal .the
goals of federal funding— particularly the questions of stabiiity
and growth. enhancement and expansion Only then can the
details be defined n a rational manner
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APPENDIX A

THE WHITE HOUSE

WASHINGTON

May 3, 1984

Dear Sol:

A you know, our ration's ability to compete successfully
both in the military and industrial arenas will depend a
great deal on the continued creation of knowledge and an
adequate supply of scientific and technical talent. The
support of basic research and the production of such talent
are major objectives of the Administration's science and
technoiogy policy. The continuing health of our nation's
universities is fundamental to this policy. Although our
universities and colleges are now the best in the world, I am
concerned that lack of agreement on a number of long-standing
problems could affect their health and vitality. These
problems have been documented in numerous recent studies.
They directly affect the ability of the universities to
attract and retain the best minds both to do research, and to
teach ard learn, in science, engineering and medicine.

I would appreciate it if the WHSC would examine and make
necessary recommendations for revising the principles under-
lying the relationships between the Federal government and
the universities, especially as they affect the U.S. ability
to create the scientific and technical talent and to conduct

the research needed to sustain America's leadership in industry

and defense. The Council should provide a tautly reasoned
policy statement, which would serve to guide Federal actior.
with respect to universities and colleges.

My office will coordinate the necessary staff support,
resources and administrative arrangements for your effort.

Yours truly,

/
VeI ,:Z
H

G. A. Keyworth
Science Advisor to the President

Pr. Solomon J. Buchsbaum
Executive Vice President
Customer Systems

Bell Telephone Laboratories, Inc.
Room 2F601

Holmdel, New Jersey 00773
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APPENDIX B

ACTIVITIES OF THE WHSC PANEL ON THE HEALTH OF U.S. COLLEGES AND
UNIVERSITIES

The Pancl was estabisshed by the White House Science Coun-
cil, at the request of Dr George A Keyworth, former Science
Advisor to the President

Its imtial organizanonal meeting was held 1n Washington on
May 17, 1984 Subsequently, the Pancl held eight additional
one-day and two two-day meetings Over the period since May
of 1984, a wubetantial number of working group meetings have
been held in Washington, New York and New Haven 1n order 1o
prepare matenal for discusston at the plenary sessions held on
Junc 19, August 6-7. September 19-20. October 25, November
29 of 1984, and January 11, February 8. June 7. June 27 and
September 28, 1985

Durning the meeting on September 19, 1984, the Panel heard
from a number of representatives of the academie and scienufic
communities (see Appendix C). and during that on June 7.
1985. from representatives of the Department of Health and

Human Services. During working group sessions, members of

the Panel and OSTP staff met with representatives of the Depart-
ment of Defense, National Science Fouadation, Oftice of Man-
agement aud Budget. National Institutes of Health. Association
of American Universities, National Research Council and the
Council on Governmental Relations

In order to obtatn tnput from as broad a spectrum of opinion
and experience as posstble, the Panel prepared questionnatres

O
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(see Appendiy D) which were sent to a sample of university
prestdents, academic principal investigators, academic admin-
tsrators, industrial chiet executive otfreers, foundation ex-
ecutr.es and executives of academic associatrons

The list of those who responded to these questionnaires or
who volunteered mput to the Panel 1y provided in Appendix E
The nsight provided by these correspondents has been of great
assistance

A penultiniate draft of this Report was cireulated to the Panel
members for comment 1 August of 1985, to membens of the
White House Science Council and to a very limited aumber of
sentor federal administratoss who generously agreed to receive
the draft on a privileged basts and provide us with their critical
comment The comments recetved from all of these readers have
been most helpful to the Panel

On September 26. 1985, the Panel held tts final meeting at
which time the content of the Report was finalized for transmus-
ston to the White House Science Counc.l

Dr. Bernadine Healy. Deputy Director of the Office of Science
and Technology Policy. has served as Executive Secretary of the
Panel She and Dr George Keyworth, Director of OSTP. have
been active participants in the Panel activiues. We have been
most ably supported by Mary Gant and other members of the
OSTP staff’ The warm thanks of the Panel goes to all of them.




APPENDIX C
WITNESSES APPEARING BEFORE THE PANEL

September 19, 1984

Robert M. Rosenzweig W. K. H. Panofsky

President Director Emenitus

Association of American Unnversities Stanford Linear Accelerator Center
I Dupont Circle Stunford Unmiversity

Washington. D C 20036 PO Box 4349

Stanford. CA 94305

Richard Muller

Professor of Physics

University of Califormia. Berkeley
Berkeley, CA 94720

Harlan F. Foss William N. Kellcy
President Head of Internal Medicine
St Ole_af College Umiversity of Michigan
Northfield. MN 55057 Medical Center

Ann Arbor. M1 48109-0010

Edward J. Bloustein
President

Rutgers—The State University
New Brunswick. NJ 08903

John A. D. Cooper

President Theodore Cooper
Association of Amenican Medical Colleges Executive Vice President
1 Dupont Circle Upjohn Company
Washington. D C. 20036 Kalamazoo. M1 49001

June 7, 1985

Hemy Kirciienmann Gary Talesnik
Deputy Assistant Secretary for Procurement. Assistance, and Darector
Logistics Oftice of Procurement and Assistance. Financial
Department of Health and Human Servic.s Management
Washington. D C 20201 Department of Health aund Human Services

Washington. D C 20201

d(
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APPENDIX D1
QUESTIONS SENT TO UNIVERSITY PRESIDENTS

What do ycu beseve to be the major problems. if any. in traming new scientific and enginecring talent in
our universities and colleges? Any solutions?

Do you perceive mstabilities in the current pa:tnership of government-university ~pen. ored research” If
s0. what are they?

Are tnere federal policies regarding government research funding that you find unduly burdensome? Any
suggestions for change?

What in your view s the best way to deal with the rising indirect cost rate for sponsored research? Are
there ways that the departmental and sp~:nsored project admimnistratnn costs. which comprise close to 40
percent of total indirect cost retmbursements. can be reduced?

How are you affected by the federal requirement for cost sharing and tts documentation? How best should
the umiversity and government share the costs of research?

What are the risks and benefits of university-industry collaboration with regard to financial interaction or
exchange of hvman capual?

. What impediments to frunful research are most often mentioned by researchers” W changes. 1if any.

mught alleviate these impediments?

- What 15 your assessment of your umversity's factlities (buildags and equiprae it) for science and

technology” If you have pioblems with facilities. what aspect... 1f any. appearto defy resolution without
federal government nvolvement?

- What steps.. 1f any, could the federal government take to improve the quality of science and engt .oei:- 1

education at non-research {1.e., primarily undergraduate) mstitutions?

Do foreign students comprise a substantial portion of your science and technology student body? What
advantages and disadvantages do they present?

. Do you set priorities among areas of science 1n allocatirg r2«earch resources within your university? If so

how?

Are there specific interactions butween your institution and the federal R&D agencies that you see as
posing difficulties or you would ltke changed” Do you feel ¥'>u have a vc ice within those agencies on
1ssues of funding mechanisms. peer review. etc”
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APPENDIX D2
QUESTIONS SENT TO FOUNDATIONS

From your perspective, what are the major strengths and weaknesses inthe 'S siversity system with
respect to the trainmng of new scientitic talent?

Because of escalating costs. problems with facihties, equipment. and taculty shortages in some disei-
phines. there 1s concern about the ability of U S universities to carry out their rescarch and educational
missions in science. In general. what responsibility does the federal government have. 1if any. to correct
the situation”?

The federal government supports about 66 percent ot U S basic rescarch Front your perspective. 1s the

present program of support properly distributed ariong the various arcas of scierce to meet the needs of

teday’s industries?

. Almost half of the federal tunding tor basic research goes toroughly 25 top U § research universiues

Should the government broaden the support ond 1ncrease the number of top research universities” It so.
how?!

What role. 1f any. should the federal government assume 1n providing new or replacement capital tor
universities in which significant numbers of scientists and engineers are trained” What 18 industry s role”

What arc the risks and bencuts of industry and university collaboration cither with regard to financia
interaction or exchange of human capital” Should the government seck to increase rescarch interactions
between industry and the umiversities and. it so. 1) how important 1s this task and 2) what mechanisms
should be employed to accomphsh 1t?

Could industry benefit trom greater mvolvement with umversities” If so, what factors hmtats interaction”

What should be the federal policy with regard to admission of foreign students in science and engincering
at U S umiversities”?

How actively docs your orgamization support academic institutions” How many resources. human or
fiscal. are inveived?

Do you thirk industry 1s able to attract the number and quaisty of techmeal talent to meer ts peeds?
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APPENDIX D3

QUESTIONS SENT TO INDUSTRIAL CHIEF EXECUTIVE OFFICERS

2

From your perspective. what ire the mmor stic _ths and weaknesses in the U 'S university system with
respect to the training of new scientitic talent?

Because of escalating costs, problems with facihities, equipment. and taculty shortages in some disci-
phiaes. there 1s concern about the ability ot U S unrversities to carry out their research and educational
misstons i seience In general. what responsibility does the tederal government have. 1t any. to correct
the situation”?

The federal government supports about 66 percentof U S basic research From your perspective, 1s the

present program of support properly distributed among the various areas of science to meet the needs of

today’s employers. especially industry”?

Almost half of the federal funding for basic research goes to roughly 25 top U S research universities
Should the government broaden the support and increase the number of top research universities” If so.
how?

What role. 1f any. should the tederal government assume 1n provid'ag new o1 replacement capital fo-
universities in which sigmificant numbers of scientists and enginecrs are tramea” What 1s industry s role?

What are the nisks and bencfits of industry and university collaboration either with regard to tinancial
nteraction ¢ r exchange of human capital” Should the government eek to increase research interactions
between industry and the untversities and. 1f vo. 1) how important 1s this task and 2) what mechanisms
should be employed to accomphsh it”

Could your firm benetit from greater involvement with universities” If vo. what factors it your
interactton?

What should be the federal policy with regard to admission of foreign students in science and engineering
at US universities”

How acuvely does your organization support academic institutions” How niany resources. humai. or
fiscal, are involved?

Is your insutution able to attract the number and quality of technical talent to meet vour needs” I« this 1ssue
a concern 1n your corporate planning?



APPENDIX D4
QUESTIONS SENT TO PRINCIPAL INVESTIGATORS

. What do you believe to be the major problem« f any. in traiming new scieuufic talent in our universities

and colleges? Any solutions?

What changes do you think would make a career in umversity research and teaching more attractive to
young PhD’\?

Are there federal policies regarding government research funding which you find unduly burdensome?

Any suggesticas for change?

What 1n your view 1s tne best way to deal with the rising indirect cost rate for sponsored research? Are
there ways that the departmenta; and sponsored project adnunistration costs, which comprise close to 40
percent, can be reduced?

. Shoula the federal governmenrt allocate more funds to institutional or block grants. or to larger

multicomponent specialized center grants? What do you view as the relative advantages and disadvan-
tages of individual, block and center funding?

Do you have specific concerns about or comments on federal agency grant application mechanisms,
funding time periods, the review cycles, or appeals process?

Do you see problems with the - 1sting peer review mechanisim? How should methodology, quality of
ideas. and track record of the investigator be weighed in evaluating a proposal?

What 1s your assessment of your umversity's facihues (buildings and equipment) for science and
technology?” If ther. are probleins with faciliies, what aspects. 1f any. appear to dety resoition without
federal government involvenient”?

Do you have direct experience with industry wupport:d research? What have been the benefits and costs of
such research?

Do you have concerns abo. « the number of “o-egn graduate students n science and ¢agineering? What
advantages and disadvartages do they preseus?
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APPENDIX E
CORRESPONDENTS WHO PROVIDED INPUT TO THE PANEL

Robert H. Abeles

Professor and Chairman

Griaduate Department of Biochenustry
Brandeis Umversity

Arnold Allentuch

Associate Vice President tor Academic Attairs

Office of the Associate Vice President for Research and
Graduate Studies

New Jersey Institute of Technology

Richard V. Andrews
Dean. Graduate School
Creighton Umveraty

D.J. Angelakos

Professor

College of Engineering
Electronmies Research Laboratory
University of Califorma. Berkeley

Richard C. Atkinson
Chancellor
Umversity of Cahfornia, San Diego

Caroline L. Ayers
Chairman

Department of Chenristry
East Carolina University

Varren J. Baker
President
Cahtornia Polytechnic State University

Albert A. Barber
Vice Chancellor—Rescarch Programs
Un'versity of Califorma, Los Angeles

Michaei Bass

Chairman. Electrical Engineering. Electrophysics
School ¢f Engineering

Department of Electrical Engineening

Umiversity of Southern California

John K. Beadles

Dean of the Graduate School and Coordinator ot Organized

Research and the Comnuttee of Arts and Sciences
Graduate School
Arkansas State University

Steven C. Beering
President
Purdue University

Walter G. Berl
Applied Physics Laboratory
The Johns Hopkins Univeruty

Aruitoxt provided by Eic:

Charles K. Bockelman
Deputy Provost
Yale University

Lewis M. Branscomb
Vice President and Chiet Scientist
IBM Corporation

Thomas A. Breslin

Director

Academic Affairs

Lavision of Sponsored Rescarch and Traiming
Flonda International University

Thomas Brill

Professor of Chemustry
Department of Chemustry
University of Delaware

James J. Brophy
Vice Pre«dent for Research
The University of Utah

Fred G. Burke
Vice President

Office of the Vice President for Graduate Education and

Research
The Umiversity of Connecticut

JW.A. Burley

Acting Dear: of the Graduate School
The Graduat: School

Drexel University

Robert L. Caret
Dean of Natural and Mathematical Sciences
Towson State University

William D. Carey
Exccuave Ofhicer
American Association for the Advancement of Sciences

Mary Ann Carroll

Dean

School of Graduate Studies and Director of Research
Indiana State University

L -uce Carswell
Semor Vice President—lHuman Resources
GTF Corporation

Francis J. Catania
Dean. Graduate School
Loyola University of Chicago

Glen T. Clayton

Dean

Oftfice ot the Dean of the Graduate School
Stephen F Austin State University




John A.D. Cooper
President
Association of American Medieal Colleges

William J. Cooper., Jr.
Dean. The Graduate Scheol
Lousiana State Univerar y

Dale R. Corson

Chairman

Government-University-Industry Research Roundtable
National Academy of sciences

Mark H. Curtis
President
Association of American Colleges

John Dromgoole
Assoerate Director
National Commission for Cooperative Education

Edwin G. Eigel, Jr.

Provost and Vice President for Academic Affairs
Division of Acdenuc Affars

Univeraty of Bridaeport

Herman Feshbach
President
Amernican Academy of Arts and Sciences

George W. Fisher

Dean

School of Arts and Sciences
The Johns Hophk ns University

Peter T. Flawn
President
The Umiversity of Texas at Austin

James O. Freedman
President
The Univeraty of lowa

Harold M. Fullmer

Director

Institute of Dental Rescarch
University of Alabama at Birmingham

William P. Gerberding
President
University of Washington

4wl Gersten

Exccutive Officer

The Graduate Scheol

City Umiversity of New York

A. Barlett Giamatti
President
Yale Umversity

ERIC

Aruitoxt provided by Eic:

W.C. Godley

Assoctate Dean & Director

College of Agricultural Scrences
Clemson University

William T. Golden

Corporate Director and Trustee
American Museum of Natural History

Marshall Gordon
President
Southwest Missourt State Uriversity

Harry J. Gray
Chairman and Chief Executive Othicer
United Technologies

Lowell M. Greenbaum

Acting Dean

Acting Viee President tor Rescatrch
School of Graduate Studies
Medial Coliege ot Georgra

Phillip A. Griffiths
Provost
Duke University

Stanley R. Hart

Professor of Geology and Geochennstry

Department of Earth. Atmospheric, and Planctary Sciences
Massachusetts Institute of Technology

P.M. Henry

Chairman

Department of Chenstry
Lovola Univeraity of Chicago

Theodore M. Heshurgh

President

Universty of Notre Dame

S. Richardson Hill, Jr.

President

The University of Alabama i Birningham

Richard H. Holm

Higgins Professor of Chemistty and Chanman
Department of Chemistry

Harvard University

Kenneth L. Hoving

Vice Provost for Rescarch Adnunistation and Dean of the
Graduate College

Graduate College and Office of Rescarch Admmistration

The Universty of Cliahoma

Y. Hsueh

Professor and Charman
Department of Oceanography
The Horida State University

David L. Jeffrey

Associte Dean and Coordinator of Research Services
Otfice of the Dean of the Graduate School

Stephen B Austin State Unnveraty




William P. Jencks

Professor of Biochemistry

Gradate Depastment ot Biochemistry
Branders University

J. Charles Jennett
Dean of Engineering
College of Engineering
Clemson University

Richard T. Jerue
Vice President for Gosernment Relations
American Assoclation of State Colleges and Unnversities

A. William Johnson

Dean

Graduate School

The Univeraty ot North Dakota

M.1. Johnson

Assocuite Dean—Rescarch
The Graduate School
Washington State University

Bryce Jordan
President
The Pennsylvania State Universty

Don P. Kedzie

Dean

College of Engincering Agriculture and Applied Scienzes
Arkansas State Umversity

Donald Kennedy
President
Stanford Umveraty

Joseph Kestin

Research Professor and Director
Center for Energy Studies
Brown Unmversity

Hugh Kirkpatrick

Acting Dean

Office of the Graduate Dean
North Texas State Unmivers ty

Edward L. Lamie

Chairman

Computer Science Department
Cahfornia State College. Stanislaus

Ralph Landau
Principal Stockholder
Listowel Incorporated

Jules P. LaPidu;
President
The Council of Graduate Schools 1n the United States

Georgia E. Lesh-Laurie
Dean of the College of Graduate Studies
Cleveland State University
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Richard W. Lyman
President
The Rocketeller Foundation

Thomas C. MacAvoy
Vice Chairman
Corning Glass Works

Alfred k. MacKay

Dean

The College of Arts and Scrences
Oberlin

George Magner
Provost
University of Houston

Eve Marder
Assoctate Professor
Department of Biology
Brandeis University

Paul C. Martin
Dean of the Division ot Applied Sciences
Harva d Univer ny

Walier E. Masse,

Vice President for « »search and tor the Argonne National
Laboratory

The University of Chicago

John E. Maxfeld
Diean of the Graduate School and Univeraty Rescarch
Lowsiana Tech Univeraty

G.W. May

Dean

College of Engineening

The University of New Mexico

W.D. McElroy

Protessor of Biology

Department of Biology

Univeraty of Cali'orma. San Diego

Howard P. McKaughun

Acting Dean

Graduate Division and Kescarch Admunistration
University of Hawan at Manoa

David T. McLaughlin
President
Dartmouth College

Leigh W. Mintz

Associate Vice President

Acaden ¢ Programs

Calitornia State Unmiversity, Hayward

Howard B. Palmer

Acting Dean

Graduate School

The Peansylvama State Umiversit,
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Wesley W, Posvar
Chancellor
University of Prttsburgh

Frank Press
President
National Academy of Sciences

Donald R. Price

Vice President tor Research

The Graduate Schoeol and the Dis
University ot Flonida

1ot Sponsored Research

R. Marcus Price

Chairman

Department of Physics 2nd Astrononmy
University of New Meico

David Prins

Acting Deun

C “lege of Arts and Sciences
Universty of Washington

Simon Rameo
Director
TRW. Inc

Donald W. Rennie
Vice President for Pesedrch
Univeraity of B

Frank H.T. Rhodes
President
Coraell University

Kent D. Richards
Interim Dean of Graduate Studies and Research
Central Washington Usneran

John B. Richey

Director

Rescarch und Project Administration
University ot Rochester

Carl D. Riggs
Dean. Graduate School
University of Sou h Flonda

James M. Rosser
President
California State Unnversity, Los Angeles

Nelva GG. Runnals
Dean for Curniculum., Rescarch and Graduate Studies
University of Wisconsin

J. Palmer Saunders

Protessor of Pharmacology

Dean of the Graduate School

The University of Texas

Graduate School of Biomedical Science  at Galveston
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John K. Sawver
President
The Andiew W Mellon Foandation

Roland ~chmitt

Semor Vice Presadent

Corporate Resedarch and Development
General Elecui

Harold T. Shapiro
President
The University of Michigan

John Shattuck

Vice President

Government Commumits and Public Attaies
Harvard University

Mark Shepherd, Jr.
C hatrman
Tevas Instruments

"shn F. Sherman
Vice President
Assodiation of Ame wan Medieal Colleges

Paul G. Shewmon

Protessor Metalluigreal Bngineering
Bepattment ol Mewallurgical Engmecting
The Ohio State Universiny

Harrison Shull
Chancellot
University of Zolorado. Boulder

Allen ]J. Sinisgalli

Durectot

Otffice of Research and Project Adninistiation
Princeton University

Michael 1. Sovern
President
Columbie Pnversity m the City of New Yotk

William G. Spitzer

Viee Provost tor Research

Otfice of the Provost

Universit, of Southern Cahtorng

Robert L.. Sproull
Preadent T mertus and Professor of Physies
University of Rochester

John H. Steele
Duector
Woods Hole Oceanographic Institution

Robert F. Stetson
Dircctor of Sponsored Reseach
Honda Atantic Unnversaty

Richard L. Sutter

Assistant Ditector
International Procrams

The Calitornia State U niverane
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Alfred 1. Tauber Clarence L. Ver Steeg

Assoctate Protessor of Mediane Dean

Chiet of Hematology ana Oncology Sections The Graduate Scheol

Department ot Medi.ine Northwestern University

Boston City Hospital William G. Wagner
Dean

Frank R. Tepe, Jr.
Assoctate Vige Preswdent
Unnversity of Cincmnati

Natural Scrences and Mathematies
College of Letters. Arts, and Sciences
University of Southern California

Donald C. Thomas Donald E. Waish
Dean School ot Graduate Studies Director
Wright State University Research and Grants Admunistration

Texas Woman™s University
Chang-Lin Tien Volker Weiss
Vice Chancellor--Research
Unneraty of Calitornia. Berkeley

Vice Prestdent tor Research and Graduate Attars
Syracuse University

John S. Tolt W. Clarke Wescoe
President Charrman of the Board
Unnversity of Mary land Sterling Drug Inc

Charles A. White
Dean of the Graduate School
[inois State University

T.A. Tombrello
Professor of Physic,
Physies Depat tment

Cabtornia Institute of Technology Samuel R. Williamson, Jr.
Dean
John G, Truxal College of Arts and Sciences
Distingurshed Teaching Professor The University of North Caralina at Chapel Hill

Departiment of Technology and Society
College of Engincering and Applied Sciences
New York State University, Stony Brook

Rolf GG. Winter
Dean of Graduate Studies
The College of William and Mary 1n Virginia

Augustus 8. Turnnbull, Iil Alexander Zucker
Vice President and Protessor Assoeiate Director
The Florda State University Oah Ridge Nationdl Laboratory
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APPENDIX F

Indirect Costs

1. The Components of the Indirect Cost Pool

To better understand the controversy. 1t1s helptul to disaggre-
gate the indirect cost category mto 1ts component cost pools
Under the present tramework established 1n OMB Circular
A-21. indirect costs are divided into the 1ollowing pools

Average Indirect Cost

Indirect Cost Pool Reimbursemen‘s in 1984

(1) Operation and Maintenance 2670
(utilties, jartonal services routine
maintenance, etc )

2

Use Charges for Buildings and

Equipment 10°%
(or depreciation of institutional

assets)

(3) Libranes 4%
(books and materials, salaries,
expenses and fringe benefits of

libranans and library staffs)

Student Administration and Services 1%
icosts of registrar, deans of

students, student advisors, heaith

services, elc )

(4

(5) General Administration 15%

(salares, expenses and fringe
benefits of university officials and
university-wide offices, such as
personnel, accounting and payroll)

(6

Sponsored Projects Administration 7%
(salanes, expens~s and fringe

benefits of administrators and staff

In offices set up to administer

sponsored research programs;

(7

Departmental Administration 33%

(salanes. expenses and fringe
benefits of personnel [e g chairmen.,
cecretaries and facuity] in academic
departments and divisions, and
organized research units attributable
to administration activit.es)

In essence. these seven pools are actually subdivisions of two
types of costs: the first three may be considered infrastructure
costs and together they currently amount to approxmmately 23
percent of costs. on average The «econd four are admimistrative
costs. and together they amount o about 26 percent of direct
costs. on average Together. univeraty indirect costs now con-
stitute. on average, almost one third of total research costs, or
halt of direct costs

2. Infrastructure Costs
There 1s no umversally applicable rule of thumb for deternue-
g whac are reasonable and necessary costs of infrastructure.
Institutions have ditterent expenses according to their age. geo-
Q
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graphic location. disciphnary spectalities, ete But deternuning
the infrastructure <osts at a single given mstitution s not es-
pecially mystertous. The costs are relatively easy to document,
and the types of costs do not vary significantly from istitution
to instituion The controversy over the costs of facilities and
cquipment, however. does not involve uncertainty as to how
they are deternuned, rather the uncertainty 1s over whether. or to
what extent. they are recognized by all parties as legiimate,
reasonable and necessary costs of rescarch  In the last decade
and a half, umiversities and govemment have been unable to
agree on these matters

In fact. the costs of research facilines and cquipment are
reasonable and necessary costs of research Modern research 1s
impossible without modern laboratories. libranes. instruments
and computers, and the health of the university system 1s tunda-
mentally dependent upon the condition of these items n the
universities. In order to fund the capital investments necessary
tor the establishment of such 1acihues. many universities have
undertaken substantial indebtedness through direct borrowing
or the ssuing of bonds. We have recommended substantial
changes in the regulations governing use allowances for facih-
ties and equipment in order to more nearly reflect the actual
situaticn 1n the universities

3. Administrative Costs

The controversy over admmmstrative costs 1s quite simply over
which costs should be coqisidered reasonable and necessary
Central to the controversy 1s the matter of administrative costs
At a ime when indirect cost reimbursement rates are nising,
mary rescarchers suspect that some of the costs claimed for
department.’ and spensored projects administration activities
are, 1 fact neither reasonable nor necessary Departmental
administration costs are regarded dubtously because they are
computed substentially on the basis ot taculty cttort reporting,
sponsored project administration costs are also based 1n part on
effort reports and —in the view ot many rescarchers—reflect a
haven for unproductive bureaucrats. By and large. the umver-
stties, have defended ICR rate increases by pomting to increases
1 infrastructure cost pools, while researchers and government
representatives have complamed about ICR rate increases by
poisting to admimstrative cost pools.

In 1983, 1= 1ts study of the costs of federally tunded R&D. the
President’s Private Sector Survey on Cost Control—the Grace
Commission—issued 1ts Tash Force Report on Researct and
Deveiopment. With respect to adninistrative costs. the report
concludes.

The adnunistrative components ot the indirect cost rate
(departmental adnnnistration. general and administra-
ton. and sponsored project adnumstration) are the
most difficult components to establish on the basis of
documented. objective evidence and further attempts
to reach a compronmise on acceptable forms ¢f docu-
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frictton and trustra-
tion Insicad fixed rates should be negotated and the
ongoing requirements tor documentation of actual
rates should be chininated

It further recommends.

mentation wilf only create mor

The cognizant agencies should negotiate indirect cost
rates that include a fixed rate for the adnunistrative
components and rehieve the universities of the mam
portion of the burden associated with etfort reporting
A report released 1n March 1984 by the General Accounting
Cftice (GAO) entitled, Assurmg Reasonableness of Rismg Indi-
rect Costs on NIH Research Grants—A Difficult Problem,
states
Departimental admunistration expenses are subjective
and not eawily venfied (p 1v). fand notes that such
costs} will undoubtedly be the source of continuing
controversy. (p vn)
The Panel finds itself in full agreement with these findings and
with the Grace Commission recommendation
Government representatives. researchers and university ad-
ministrators all described departmental admunistration costs 1n
terms similar to those used by the Grace Comimission and by
GAO Departmental admimistration con _.1ses some 0-35 per-
cent of tndirect cost retmbursements (60-70 percent of admin-
Istrative cost reimbursements), the largest fraction of any indi-
rect cost pool and twice as large a fraction as the next largest
admimistrative pool—general administration While umversity
admimistrators will gencrally acknowledge that faculty effort
reporting 1s nonsensical and that departmental adnmuimistration
expenses are thus difficult to justfy, they contend. with some
argument from the government and the rescarchers, that reim-
bursements for the three remaining cost pools (general admin-
wtration, sponsored projects adnmumistration and student serv-
ices) reflect reasonable and necessary adnministrative costs
The next most controverstal adnunistrative pool after depart-
mental adnunistration. sponsored project admunstration, ac-
counts for about 8 percent of indirect cost reimbursement and
covers the admmistrative costs assoctated with the actual federal
grant and contract process It has two components The first 1s
the cost of operating separate organizational umts established
specifically to adanmister federal grants and contracts., the see-
ond covers adnunistrative activities outside of the separate units
which benefit fededally sponsored programs exclusiveiy Thiy
latter component 15 based. to a large extent. on taculty ctiort
reporting and 15 thus subject to the same controversy as depart-
mental adnamistration.
Remimbursement for student services adnunistration 15 not
large enough at most universtuies to be signtficant
Finally. there 1s the general adnunistration category. which
includes the costs of the central adnunistration of the insututions
involved and various other miscellancous administrauve tems
Although 1t currently represents about 15 percent of indrect
resmbursements, the general administratton category has not
been subject to signtficant ontroversy. Furthermore, 1t has not
shown the sort of growth recently charactenstic of the other
adnuanstrative poois

Q

RIC

Aruitoxt provided by Eic:

4. Diversity and Variation in Administrative Rates

Clearly. one ot the strengths of the U S higher education
svstem 1s the diversity that has allowed the system to dovelop
centers of excellence, m.Litutions with umgque capabthties and a
degree of accesstbility unmatched 1n the world

‘The universities contend that the present direct cost reim-
bursement mechanism. by bastng remmbursements on docu-
mented costs, 1s flexible enough to reflect and help marntain this
diversity The present cost allocation mechanism, however,
stimulates confusion over the manner 1n which already contro-
verstal costs are retmbursed - Simtlar administrative costs can be
charged to a number of different cost pools—arrect or indireet.
departmental adnumistration or sponsored projects administra-
ton. cte. A paper prepared for the Pancl by the Council on
Governmental Relattons (COGR), an association of university
financial officers hsts. by example. a number of costs that are
classtfied ditferently at ditferent institutions Many of the dif-
terences m classitication reflect differences ininternal orgamza-
tion  As the paper notes,

Essentially, the variety ot methods used to group and
allocate costs was basically the result of the variety of
orgamzational structure

These structures 1n turn reflect variation tn an enormous
number of individual insututional characteristics

One of the questions the COGR analysis sought to answet was
why many seemmgly sinular institutions have such disstlar
administrative cost rates 1n both the aggregate and within specif-
1c component pools. It concluded that there are tour principal
reasons for differences in aggregate administrative cost rates
from tnstitution to nstitution.

b Similar administrative costs may be charged mdnectly at
one untversity and directly at another
The same costs may be regarded as administrative costs at
one umvers ty and as operatioral or plant costs at another
(more likely. as one adnunistrative pool at one university,
anoti . at another)

3 Excluding costs trom the aggregate direct category can

o

cause the same amount of administrative costs to be re-
flected tn a difterent ICR rate
How vigorousty an stitution accounts tor costs, and
ncgotiates retmbursements, may atfect the amoeunt
charged to admunistrative pools

The first thre of these 1easons, according to the COGR
report.

result i shiftiag of costs among vartous indirect and

da

direct cost categories, the remainang reason results m
modifications 1 the total amount of costs claimed
The primary reason why the total administiative costs

charged ditfer from mstitution to institution 18 simply that in-
stituttons differ i the degree of vigor they apply to accounting
tor. and chuarging for those costs The Pancl concludes that there
does not appear to be as much variation i actual admusaative
costs as the diversity 10 the system nught suggest

5. The GAO Recommendation

To resolve sonte of the cutient conttoversy  the 1984 GAO
weport recommends that OMB amend Cratlar \-2Z1te oy remm-
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bursements tor departmental administration as a percentage of
direct reimbursements, replacing the “cost reimbursement”
method now used The reimbursement. suggest the GAO re-
port. could vary on an institution-by-institution basis. depend-
ing on their individual circumstances, but should not rely on
effort reporting to represent those circumstances  The reim-
bursement should represent a reasonable amount needed for

effective research administration at the departmental level of

eachinstitution The GAO report followed a similar proposal by
HHS contained 1n a 1983 report to Congress

6. The Stanford and Yale Agreements

In the meantime. two unmiversities. Stanford and Yale. have
undertaken to deal with the problem individually and easc their

ERIC
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paperwork burdens. reduce their adnunistrative costs and elimi-
nate some of the adversity created by the ongomg indirect cost
controversy  Each university negotiated a fined rate for depart-
mental adnimistration in exchange for reducing ettort reporting
requirements Both agreements have finite durations: Stantord’s
must be renegotiated after five years, Yales atter tour Both
isttutions . according to the NAS Workshop on Etfort Report-
ing 1in A-21 made tinanuial concessions in therr agreements, but
did o on the stated grounds that the financial loss was out-
weighed by the intangible gains 10 the morale and spirit among
rescarchers. and a greater collegrahty among researchers and
administrators
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APPENDIX G

A Summary History of Indirect Costs

1950-1965

Cost prnceiples for indirect cost retmbursement termally worked ov’. and published m a Bureau of the
Budget Circular A-211n 1958 The Department ot Health. Education and Welfare set a fixed upper limit on
indirect costrecovery tor grants This was 8 percent initially. changed to 15 percentin 1958, and 20 percentin
1963

1966
Indirect cost cething removed  Cost-sharing required vy law 1n the Department of Hedlth, Education and
Welture Appropriations Act

1975-1979
Sixth revision of Circular A-21 Revised requirements tor eftort reporting and standard basis for distribut-
INg Costs among projects

1982
Seventh revision of Circular A-21 Effort reporting requirements eased. and interest expense made
allowable 1n spectfic circumstances
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APPENDIX H

[-NUMERICAL DATA FOR FIGURE 1 NOT AVAILABLF.

NUMERICAL DATA FOR FIGURE 3
FEDERAL EXPENDITURES ON UNIVERSITY RESEARCH-

1953-1984
(Constant 1972 dollars in milhons)
All Basic Applied
Year Research Research Research Development
NUMERICAL DATA FOR FIGURE 2 1953 234 124 96 80 1370
National R&D Funding Trends: 1953-1984 1954 268 151 113 60 16 70
(Cons*a~1 1972 dollars in biiions) 1955 277 169 9510 1310
wom o m mn e
. i —— 9
Year Total B0 R&D Nerfederal R&D 1958 384 270 96 00 18 10
1953 83 46 40 959 453 335 99 20 19 20
1954 g2 52 42 1960 590 435 129 00 26 20
1955 1 57 44 1961 722 551 141 50 28 80
1956 3z 77 56 1962 869 682 154 00 3260
1957 122 94 56 1963 1062 852 178 70 3070
1958 ‘ez 102 60 1964 1260 1055 17500 3000
1959 ‘83 19 64 1965 1444 1182 21209 4970
1960 12 2 127 69 1966 1643 1313 252 70 76 80
1961 2C 2 133 73 1967 1783 1422 280 90 7970
1962 2° - 140 77 1968 1905 1515 307 00 83 00
1963 227 156 81 1969 1845 1475 283 00 86 50
1064 23 =2 172 87 1970 1804 1419 293 30 91 90
1965 2¢ 3 174 95 1971 1795 1405 304 1G 86 40
1966 2% = 182 102 1972 1795 1420 320 00 55 00
1967 26 Z 182 112 1973 1877 1375 420 00 63 70
1968 26 2 181 17 1974 1766 1323 380 60 61 60
1969 2¢ ¢ s 124 1975 1819 1347 410 20 62 00
1970 28 2 16 3 123 1976 1893 1391 441 20 65 70
1971 2°3 156 ‘22 1977 1946 1433 433 40 79 90
1972, 28 3 158 127 1978 2034 1505 447 40 82 00
1973 29 156 135 1979 27.00 1574 528 10 97 @»
1974 28 2 148 140 1980 2295 1598 580 10 116 50
1975 28 2 145 137 1981 2336 1664 556 50 11530
1976 28 3 151 144 1982 2295 1640 541 80 11300
1977 3C 3 154 51 1983 2259 1625 518 70 115 20
1978 32°: 159 161 1984 2429 1780 534 30 114 80
1979 33 % 164 *72
1980 35 - 165 ‘86 Source National Patterns of }?&D Rf'sources Funds ind A/Ianpower "
1981 3 - 71 ‘96 the United States 1353-12 °5 National Patterns of Science ard
1982 15 2 - 207 Technology Resources 1984
1983 4C - 186 215
1984 42 3 199 229

Source National Science ~cundation National Patterns of Science and
Technciogy Res-.ces 1984
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Source National Patterns of Science and Technclogy Resources. 1964

‘Includes only date { om the National Cancer institute, the National In-
stitut2 of General Medical Sciences, and ‘he National Heart and Lung

NUMERICAL DATA FOR FIGURE 4
NATIONAL EXPENDITURES "OR R&D BY SOURCE: 1966-1984

(Constant 1972 dohars n +milhons,

FEDERAL
YEAR GOVERNMENT
1966 183180
1967 10176
1968 18107
1969 17.209
1370 16 316
1971 15615
1972 15 808
1973 15594
'974 14 82,0
*975 14 537
*976 15,072
1977 15382
‘978 15878
‘979 16 407
“980 16 541
*a81 17 124
“982 17 841
1983 18 622
‘9384 19 577

NUMERICAL DATA FOFR FIGURE 5

PROPORTION OF NSF AND NiH GRANT FUNDS ALLOCAIED
FOR PERMANENT .ABORATORY EQUIPMENT

%o of Total Dollars Awarded

UNIVERSITIES
ar~ JOLLEGES

395
434
474
488
506
553
574
588
604
608
614
630
639
734
145
781
aceé
855
916

YEAP NSF
1966 112
1967 86
1968 75
1969 70
1870 61
1971 33
1972 56
1973 55
'974 54
13975 74
1976 70
1977 62
1978 73
1979 84
1980 79
1981 86
1982 90
1983(est) 103
1984(est) 139

tnstitute

'The NSF dat~ s obtained from Science Indicators. 1974, and Jim Hoehn,
Jersonat communication. The NIH data wrough *074 15 obtained nom
Science Indicalors. 1574 After 1974, the data is from internal wiH files,
and retlects the total contribution of grant fi'nds to equipment

O
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NIH

nr7

118
95°
75
59°
62
66°
43
57°
46
39
43
44
46
39
33
32
34
36

NUMERICAL DATA FOR FIGURE 6 NOT AVAILABLE.

NUMERICAL DATA FOR FIGURE 7

FEDERAL. SUFPORT FOR RESEARCH AND DEVELOPMENT.
1953-1984
(constant 1972 doi a-s in m 'hons)

Year Tetal Basic Applied Deveil ~rent
1953 4649 421 1260 2003
1954 5.257 444 1377 3436
1955 5754 469 i 3905
1956 7725 548 1609 5 568
1957 9411 627 1987 6 796
1958 10 280 696 2222 7361
1759 11936 903 2405 8.629
1960 12673 1030 2442 9201
1961 13372 1214 2604 D55,
962 14 069 1546 301> 9 508
1963 15 671 1830 3080 ©0761
1964 17 264 2194 3442 11628
1665 17 443 2418 3379 11642
1966 18 180 257 3359 12 250
1967 18.176 2774 31398 12 004
1968 18 108 2837 3411 11 860
1969 17 209 2829 3221 11159
1970 16316 2733 3377 10 209
1971 15615 2€at 3.141 9830
1972 15 808 2633 310¢ 10071
1973 15594 2589 3234 9771
1974 14 826 2589 3124 9113
1975 14 537 7540 3173 8 824
1976 16 072 2604 3434 9034
1977 15 382 2718 3405 9 259
1978 15 878 2956 3478 9 444
1979 16 4u7 3085 3592 9730
1980 16 541 3128 3709 9704
1981 17 124 3199 3831 10.
1982 17 841 3160 3719 10.962
1983 8622 3 205 3738 11679
19R4 19577 3427 701 12449

Source National Patters of R&D Res:.«ces Funds and Manpower in
the United States 1353-1973 ‘. anonal Patterns of Scie  -e and
Technology Resources 1984

NUMERICAL DATA FOR FIGURE 8

FEDERAL NC .JDEFENSE R&D EXPENDITURES 1975-1984
(Consiant 1972 do a-s in millions)

Basic coled
Year FPesearch Rescarch Developrnent
1975 18716 3°886 3758 6
1976 18437 2° 8 38030
1977 2060 6 2 .2 4061 4
1978 21865 29870 4326 5
1979 22769 2936 6 4355 6
1980 23170 2955 "650 9
1981 22737 26514 3578 4
1982 23177 25497 2778 4
1983 24511 2671 21172
1984 25780 23Fy 1 2062 8

Source National Patterns of Scier.ce a~¢ Technology Resources. 1984
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NUMERICAL DATA FOR FIGURE 9

PERCENY OF NATIONAL SCIENCE AND ENGINEERING DOCTORAL DEGREES RECEIVED BY NON-RESIDENT FUREIGNERS, SELECTED

Year

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1378
1979
1980
1981
1982
1983
1984

Phys
Scr

889
1070
1120
10783
104°
1124
1152
1157
1025

977

932

Q19
10 39
12 68
1316
14 88
1506
14 92
15 20
i55°
16 85
16 32
1878
1923
1982

Earth,
Maonne,
Env Sci

1383
1382
923
1583
1275
1226
1287
14 11
14 93
1538
1392
815
1059
1151
16 05
14 98
14 88
14 40
10 <1
1043
1273
14 57
12 32
16 R4
1726

Source Foreign Citizens .~ U S Science and Engireering History Statua.
Scientific Techn~ ogical. and nternational Affairs Division of Scien
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DISCIPLINES: 1960-1984

Math Comp Agricul
Sciences Sciences
1512 2198
1325 2100
675 2382
1262 19 31
13 60 26 11
1109 29 86
12 61 3038
1108 30 03
1153 28 65
10 65 2793
1093 2¢ 75
1227 26 24
1319 27 16
1403 27 36
18 49 3304
717 29 50
18 24 3096
17 63 32 86
1887 3130
2175 3099
18 91 32 45
235. 3309
26 7C 27 33
2t 47 3024
3229 3129

Biolog

Sciences

1187
1390
14 38
13 84
14 68
1563
'4 66
12 62
1273
10¢€8
1074
853
847
1216
10 41
906
876
913
830
814
778
757
8 81
861
929

Tota'
Eng
16 24
16 38
17 92
1504
‘484
1538
1673
157C
1527
1408
137
14 80
14 81
18 .8
2237
27 14
28 68
2924
3169
3273
3132
37 26
3892
4207
43 39

and Outlook,” Prepared by National Science Foundation. Directorate fo-

ce Rescurces Studies Table B-21
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