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OTA REPORT, “FEDERALLY FUNDED
RESEARCH: DECISIONS FOR A DECADE”

WEDNESDAY, MARCH 20, 1991

U.S. HousE OF REPRESENTATIVES,
CoMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY,
SUBCOMMITTEE ON SCIENCE,
Washington, D.C.

The subcommittee met, pursuant to notice, at 9:37 a.m. in room
2318, Rayburn House Office Building, Hon. Rick Boucher [chair-
man of the subcommittee] presiding.

Mr. BoucHer. The subcommittee will come to order.

In the closing days of World War I, President Roosevelt sought
ways to turn a technologically formidable United States war effort
to peacetime ends. During the war, the Office of Scientific Re-
search and Development had been created to capitalize on recent
scientific discoveries such as radar and penicillin. .

The President commissioned the Director of the Office of Scien-
tific Research and Development, Dr. Vannevar Bush, to report to
him on the best means to harness scientific and technological
knowl to drive an economy at peace.

In his letter to Dr. Bush, the Presider t wrote, “The research ex-
perience developed by the Office of Scientific Research and Devel-
opment and by the thousands of scientists in the universities and
in private industry, should be used in the days of peace ahead for
the improvement of the national health, the creation of new enter-
prises bringing new jobs, and the betterment of the national stand-
ard of living. New frontiers of the mind are before us, and if the
are pioneered with the same vision, boldness and drive with whic
we have waged this war, we can create a fuller and more fruitful
employment and a fuller and more fruitful life.”

report that ensued, entitled “Science—the Endless Fron-
tier,” embodied Dr. Bush's vision of science and engineering as the
pillars of a technologically advanced society, and became the blue-
print for our present Federal research enterprise. The priorities set
by President It in his commission to Dr. Bush—national de-
fense, public health, and Government support of research at uni-
versities and private o izations~—are still recognizable today as
the guiding principles of our national science policy.

The success of our uational research system, established now just
over 40 years ago, is today manifest. The United States supports a
scientific enterprise whose excellence and diversity is without peer.
We have uniquely tied scientific inquiry to education through

m
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broad-based Federal support of research at universities, amacﬁnf
eminent scientists and promising students from around the world.

Yet, as our system now enters its fifth decade, itisﬁmningto
show some signs of strain. Part of that strain is the uct of the

's success: in spite of record high funding levels, even when
adjusted for inflation, there are today more we -(kualified research-
:ors ﬁ?:g more worthwhile projects than we as a Nation can afford

Part of that strain is also caused by the need to adLust priorities
to better reflect the Nation that we have become at the end of the
20th century. And, part of the strain is caused by tensions within
the sistem itself: big science versus little science; support for re-
search projects versus support for esearch facilities; and support
for lished investigators versus support for young scientists.
These are only a few of the issues with which we as policymakers
are charged with grappling. .

One conclusion, I think, is inescapable: no matter what level of
research funding we are able to achieve in the coming years, we
are going to have to continue to address the overall national goals,
scientific priorities, research infrastructure, and management con-
cerns.

To assist this committee in that task, we have asked the Office of
Technol Assessment to report on the health of the research
mem. A has completed a summary report entitled, “Federally

ded Research: Decisions for a Decade,” and today will release
the summary and recommendations of that report at this hearing.

Following the OTA representatives, we will hear from a distin-

ished el of scientists and engineers who will comment on the

A findings, on priority setting, on research expenditures, educa-
tion of the research work force, and ongoing analysis of the re-
search system.

We will welcome our panel of witnesses momentarily. Before
doing that, I would like to call on the Ranking Republican Member
of the Subcommittee, the gentleman from California, Mr. Packard.

Mr. Pacgarp. Thank you, Mr. Chairman.

I would like to welcome all of the witnesses who have come to
testify today. We are particularly interested in the second panel
who will provide an assessment of the 1eport.

The United States currently maintains one of the finest research
communities in the world. Six major Federal agencies — the NIH,
NSF, DOE, DOE, NASA and the USDA—support more than 80 m
cent of the university basic and applied research, This funding
gr.:vided the American university system with the financial base

m which to make advances in scientific knowledge which, in
turn, spurs economic productivity and international competitive-
ness,

_In order for the American research community to grow and con-
tinue to tackle complex scientific problems, we must assess the cur-
rent federally-funded system to pinpoint weaknesses so that we as
a Nation will be able to embrace the challenges that we will be
faced with in the 1990s. That is why this OTA report is so impor-
tant. It evaluates the nature and distribution of research funding
and decision-making and suggests alternative a%proaches that the
Federal Government can take in funding research.

b
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One of the most significant points made in the OTA report was
the fact that there will always be more opportunity than can be
funded. There will always be more ers competing than we
can sustain and there will also always be more institutions seeking
to expand their programs than the prime sponsor, the Federal Gov-
ernment, can fund.

I agree with the objectives listed in the OTA report. We must
insure that funding remains available for the best research; that a
full portfolio of research is maintained and that there is a highly
competent work force to do the job.

Again, I want to thank you, Mr. Chairman, for scheduling this
important hearing, and I certainly look forward to the information
that will come out of the hearing through our witnesses.

Mr. BoucHgr. The Chair thanks the gentleman and welcomes
now our first panel of witnesses from the Office of Technology As-
sessment to discuss the findings and the recommeidations that are
a part of the OTA repor.

We welcome Dr. John Andelin, the Assistant Director for Sci-
ence, Information and Natural Resources; Dr. Daryl Chubin,
Prgject Director; Ms. Nancy Carson, Manager, Science, Education
and Transportation Program for OTA; and Dr. Elizabeth Robinson,
an Analyst, Science, Education and Transportation Program. We
welcome all of you here today.

We will, without objection, make your prepared statements a
part of the record. We have a 5 minute rule in terms of oral sum-
matxl'ligs of the prepared statements and would ask that you adhere
to t,

Dr. Chubin, if you would like to make a presentation, we’'d be
happy to hear from you.

STATEMENT OF DR. DARYL CHUBIN, PROJECT DIRECTOR, SCl-
ENCE, EDIICATION AND TRANSPORTATION PROGRAM, OFFICE
OF TECHNOLOGY ASSESSMENT; ACCOMPANIED BY: DR. JOHN
ANDELIN, ASSISTANT DIRECTOR, SCIENCE INFORMATION AND
NATURAL RESOURCES DIVISION: NANCY CARSON, MANAGER,
SCIENCE, EPUCATION AND TRANSPORTATION PROGRAM; AND
DR. ELIZABETH ROBINSON, ANALYST, SCIENCE, EDUCLTION
AND TRANSPORTATION PROGRAM

Dr. CuusiN. Thank you, Mr. Chairman. Good morning. Good
morning, Mr. Packard. Thank you for the opportunity to appenr
before you today. I will summarize my written statement.

Sixteen months ago, this committee asked the Congressional
Office of Technology Assessment to study the federally-funded re-
search system, the state of information used to characterize it, and
the challenges that system faces in the 1990s. A summary of the
report, “Federally Funded Research: Decisions for a Decade,” is
beﬁghreleased today. The full report will be issued late next
month.

Throughout this study, we have worked with the committee to
assure a thorough examination of federally-funded research and to
gttddress the committee’s special role in supporting and overseeing
1L,
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The summary offers a broad brush look at the and process-
es that undergird Federal funding decisions the issues that
Congress must grapple with in the decade ahead. The full report,
in contrast, looks in-depth at a number of individual issues and we
ho& that it will be useful to the committee over time.

r testimony today thus only bgms the transfer of information
to the committee. We look forward to being of continuing assist-
ance.

Rerently, increasing calls for more funding for research have
been heard from the scientific community. Similar calls have been
heard throughout the history of Federal sponsorship of research
and undoubtedly some of the witnesses to follow me will echo those
CONcerns.

These calls reflect the tremendous excitement that we all share
in the findings that result from scientific research. How much is
enough for research, however, depends on the goals of the Federal
Government in funding it. If the is to fund every good idea,
then the demand for funding could be without limit. Our research
:yst;g is so robust that it can produce more good ideas than can be

unded.

If the goal is to produce a strong work force skilled in science
and engineering, then the requirements for research funding may
be closer to the educational pipeline, grade school to grad school. In
practice, however, funding the best ideas, producing a skilled work
force, contributing to economic competitiveness and other goals are
all part of the research system. Once goals and needs have been
identified, choices can be made.

The research system is feeling the stress of internal competition
for funds and of the demands placed upon it by“&ressing national
needs such as a search for a cure for AIDS, ile the Federal
funding of research has increased in constant 1990 dollars from $8
billion in 1960 to over $21 billion in 1990, the number of research-
ers D}:ias grown steadily, more than doubling during this same
period.

OTA finds that stress is a natural part of the competitive re-
search system and we question whether researcher stress per se in-
dicates problems in the research enterprise. There is also debate
over whether additional funds would relieve the stresses presently
felt by researchers. OTA find. that additional funding would
indeed allow the pursuit of more scientific opportunities and yield
fruitful gains. It would also enlarge the system, create more deserv-
ing competitors for support, and increase future demands for fund-

ing.

%'he symptoms of stress that we hear and see—for example, in-
vesti%;ators having to compete harder for funds while young re-
searchers find it more difficult to launch their careers, would per-
sist

The Nation’s academic system has the capacity to train many
new researchers and tackle many new problems, but OTA is not
here to advise you on what is an appropriate funding level for aca-
demic or basic research. Rather, we seek to provide a balanced pro-
spective on this vibrant, pluralistic enterprise, and on the activities
inside and outside of Government that make it so successful.

8
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Regardless of the level of funding, OTA has identified four issues
that need to be addressed and t are central to producing a
stronger research system. .

The first issue is to increase attention to setting priorities in fed-
erally-funded research. Research priorities are currently set
throughout the Federal Government at many levels. However,
these efforts fall short in three ways.

One, criteria medt ml:d sel l variéms areas t?)f researchd e?ndfme-
gaprojects are no e explicit and appear to vary widely from
arca to area. Two, there is currently no formal or exﬁsit mecha-
nism for evaluating the total research portfolio of the Federal Gov-
ernment in terms of national objectives. Three, the development of
human resources and of regional and institutional capacity must be
taken into account. These criteria build future research capability
without compromising the quality of today’s research. While not
every project or cy will or should attend to these criteria

ually, the total Federal research portfolio should explicitly re-
flect these concerns.

Priority-setting mechanisms that cut across research fields and
agencies and that make selection criteria more transparent must
be strengthened. Congress should insist, at a minimum, that the
Executive Branch present and compare the criteria or the rationale
underlying budget choices. Other criteria may be considered and
comparisons made in congressional decisions.

Also, since megaproject costs certainly affect the initiation of
new projects within an agency’s budget, and perhaps those of other
agencies as well, megaprojects are chief candidates for cross-cutting
priority setting.

A second issue is to understand research expenditures. Many in
the research community claim that increases in the costs of doing
research exceed increases in Federal funding. However, the numer-
ous and sometimes inconsistent meanings of cost and the lack of a
m‘gtlable measure of research make this claim all but impossible to
evaluate.

ific research activities generally become cheaper to complete
time due to increasing productivity, for example, of computers
and other technologies. However, advances in technology and
knowledge also allow deeper probing of more complex scientific
problems and create demand for ter resources.

Because success in the research environment depends heavily on
getting there first, there is great advantage to having the financial
support to acquire additional staff and cutting edge technology.
Thus a from the intrinsic joy of research, competition drives up
demand for funding. In this sense, the cost of research will contin-
ue to match or outpace any increases in Federal funding.

On a less philosophical note, ter cost accountability could be
encouraged. In particular, the Federal Government should seek to
eliminate the confusion around allowable indirect costs, a topic of
special concern these days to research universities, and develop
better estimates of future expenditures, especially for megaprojects
where final costs tend to be well above initial estimates.

A third issue of Congressional concern addresses education and
human resources for the research work force. Recent l}::ojections of
shortages for Ph.D. researchers in the mid-1990s have spurred

S
wi




6

urgent calls to increase Ph.D. production in the United States.

A believes that the likelihood of these projections being realized
is overstated and that these projections are poor grounds on which
to base public policy. .

In both this and previous OTA work, however, OTA has indicat-
ed the value to the Nation, regardless of employment prospects in
the research sector, of exmndinfmthe number and diversity of such
students in the educational pipeline, precollege through undergrad-
uate, and preparing graduate students for career paths in or out-
side of mear&

Particlipation in science and engineering at all levels can be en-
hanced if the opportunities and motivations of presently underpar-
ticipating groups, such as women and United States minorities, are
confronted. Both set aside and mainstream programs could help to
address these issues.

Not just the number of scientists and en?inaers, or their charac-
teristics is at issue. Research in many fields of science and engi-
neering is also momﬁl:oward a more industrial model, with larger
and often multidisciplinary teams, specialized responsibilities, and
the sharing of infrastructure.

The Federal Government has acknowledged these changes with
funding for centers and through block grants. Perhaps it should
also encourage universities to provide opportunities and rewards
for young investigators and nontenure track researchers.

A final issue of co ional concern is to refine the data col-
lected on the research system. Better information is needed to
inform congressional decision-making. While data collected on the
health of the research system in some areas are extensive, in other
areas data are scarce. In addition, most of the research agencies,
with the exception of NSF and NIH, devote few resources to inter-
nal collection.

Without comprehensive and relevant information, Congress
cannot make well-informed decisions. OTA suggests additional in-
formation that could be collected for different levels of decision-
making and accountability.

How then can the Nation meet these four challenges? As we look
beyond this year's budget to the research opportunities that will
emerge throughout the 1990s, OTA believes that Congress, the Ex-
ecutive Branch and research performers must begin to converge.
Congressional heanm legislation and oversight should address
cross-cutting and within agency priority-setting, cost accountabil-
ity, and the state of data on the research system.

This committee could take the lead for such hearings. Similar ef-
forts should be initiated in the Executive Branch, especially OSTP,
OMB and the research :g:ncies. Not all of these ems, howev-
er, can be addressed by Federal Government. y policies are
dictated by the practices of universities and laboratories, both Fed-
eral and industrial, especially in the areas of cost containment and

ding the educational pipeline.
is committee’s leadership in overseeig programs at NSF has
fortified the connections among research, education and human re-
?g;xtgces, and represents a foundation on which to increase these ef-

10
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In the decade ahead, the Federal Government must make tough
choices in guiding the research m, even beyond issues of merit
and constricted budgets. How do today’s objectives and funding
commitments bear on the Nation’s future capability to do re-
search?

OTA concludes that sustaining the research system will require
more than funding. It will require new ways to manage the diversi-
ty and creativity that have distinguished United States contribu-
tions to scientific research.

Thank you, Mr. Chairman. My colleagues and I would be pleased
to respond to the committee’s questions.

[The prepared statement of Dr. Chubin follows:]

111
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FEDERALLY FUNDED RESEARCH: DFCISIONS FOR A DECADE
Statemant of Dr. Danyt E. Chubin
Project Director
Office of Technology Assessment
U.8. Congress
Before the Subcommitse on Science

Commites on Sclarow, Space, and Technology
U.S. House of Rsprasantatives

Mr. Chailrm=n, 18 mesiin ngo, this Commites askad the congressional Office of Technology
Assassmant to study the fedenally funded research systam, the state of information used 1o
characterize it, and tha chziienges that systom faces in the 1890s. The summary of the repon,
9. is being reisased today. The full repont will be

Throughout this study, we have worked with the Committas fo assurs a thorough axamination
o ftederally funded ressarch and o address the Commiltee’s speciai role in supporting and
oversesing k. The summary offors a broad-brush lock at the goals and procssses that undergind
Fedsral research funding decisions and the issues that Congress must grapple with in the decads
ashead. The hil report, in contrast, fooks in depth at & number of individust ssues, and ws hopo that it
wil be useful to the Committee over tima. Our tastimony Soday only begins a transfer of information 1o
the Committee. We look forward to continuing to assist the Committes in this and related endeavors.

in preparing this repor, in addition to analyzing various documents and data {(which are
summarized in attachmant 1), wa 1alked with many participants in the research system, We

interviewsd more than 125 staft of the six major research agencies (who wsre most cooperative and
enlightening); we consulted with numerous ressarchers and ressarch administrators-indeed our

1 March 20, 1991
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sdvizsory panel was composad primarfly of working scientists snd engingers; and we conductad
soveral site visits of research universities and Fedemnl lsbortories.  Talking with afl of thess peopie
helped sensitize us avan further (since mosl of the sialf on this prolact have been working scientists)
to the complaxity and the muititude of perspectives on the resssrch system. With the relesse of this
summary, we are sxpanding the dialogus to include the Commiltes, the executive branch, and the
sciontific communily on soveral overarching concems.

Racontly, Increasing calls for more funding for research have besn heand from the .. itific
community. (For s history of Federal funding, ses attachment 2) Simiar cals have been heard
throughout the history of Fadsral sponsorship of research and, undoubtedly, some of the winesses to
foliow me will echo thesa concems. These calls refloct the tramendolss exciiamernt that we all sharg In
the finciings thas result from sciontiic research,

"Mow much is anough’ for rassarch, however, depands on the goals of ths Fedaral
Govemnment in funding resesrch. H the goal Is to fund svery good kisa. then the demand for funding
could be without imit; our ressarch system is so robust that & can producs more good kisas than csn
be funded. if the goal is 10 procduce a strong work force sidied in acience and enginesring, then the
requirements for resaarch funding may be linked closer to the aducationsl pipsiine—grade schoal to
grad school. In practice, however, funding the best ideas, producing a skiited work force, contributing
fu sconomic compatitiveness, and other poais are ali part of the research system. Once goals and
nesds have been ideniifiad, choices can be made and funding levels set.

The ressarch system Is feeling the stress of intemal competition for funds and of the demeands
piaced upon R by prassing national needs, such as the search for a cure for AIDS. While the Faderal

funding of resserch has increased in constant 1590 dollars from $8 billion In 1960 1o over $21 bilion in
1900, the number of resaarchers has grown sioadfy, at tsast doubling during the same pariod. OTA

2 March 20, 1991
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fincia that stress is a natural part of the competitive ressarch systam, and we question whether
resssrcher stresa, Per S8, INdicstes problems in the research enterprise.  There is aiso debate over
whether additional fundis would relieve the stresses prasenty felt by rsssarchars. (For a summary of
tensions i the resesrch system, sse attechment 3.)

OTA finds that additional funding would aillow the pursuit of more sclentific
opportunitise and yield frultiul gaing; & wouid also enisrge the system, create more deserving
competiiors for support, and increase future demands for funding. The Nation’s academic
ressarch system has the capecity 10 train many new ressarchers and to tackis many new problems.
The symptoms of stress that we hear and see—for example, invastigators having 1o compete harder for
funds whia young ressarchers find & more difficult to launch their careers—would persist.

QTA, thus, Is not here 10 advise you on what is an “appropriate” funding level for “academic”
or "dasic” resserch. Rather, we sesk 10 provide a balanced perspective on this vibrant, plurallstic
anterpiise, and on the activitlas inskie and outskde of governmant that make it 80 successiul.
Regardiess of the level of funding, OTA has identified four issues that need to be addressed and
that are ceniral to producing a stronger resssrch system: safting priorities, undarstanding costs,
deweloping human resources, and refining data on the system. (See atachmont 4.)

The {irst issue is to increass attention 10 sstting prioritiss in federally funded ressarch.
Research prioritles are currently set throughout the Federal Government at many levels in the
congressional and exacutive branches. However, thase afforts fall short in three ways: 1) Criterisand .
the “decision ndes” ussd in selecting various areas of research and megaprojects are not made
sxplick, and sppear 10 vary widaly from ares to srea. This is a problem in the President’s budget and
many pans of the congressional dscision process. 2) There Is currently no formal or explicit
mechanism for svalusting the total research portiolio of the Federal Govemment in terms of nations!

3 March 20, 1991
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objectives, such 8s a strong sciencs bass. 3) The development of iman rescurces and regions! and
instiutional capacity must be taken into account.  These criteria sirengthen fiture research capabiily
without compromising the qusilly of foday's research.  This Is now done in sSome agency programs,
but is not wicespread. While nol every projact or agency wil or should attend to these criteria equally,
the o/ Fedarsl ressarch portfolio shouki explicitly reflect these concema.

Priority-setting mechanisms that cul across resesrch fiakis and aganciss, and that make
sefaction crileria more tansparent, must be strengthened in both Congress and the axecutive
branch. Congross should Insist, 8t a minimum, that the sxecutive branch present and compare the
critoria or mationale underlying budges choices. Other critoria may be considersd anc comparisons
made in congressions! decisions. Also, since megaproject cocis certainly affsct the initiation of row
projects within an agency’s budget (and perhaps those of other agencies), megaprojocts, like the
Superconducting Super Collider and the Earth Observing System, are chief candidates for
crosscutting priorty setting,

A second issue Is 10 understand ressarch expendRures. Many in the ressarch communily
ciaim that increasss in the “costs of doing ressarch” sxceed incrassas in Faderal resaarch funding.
Mowever, the numerous and sometimes inconsistant meanings of “costs,” and the lack of a sultable
measure of “ressarch,” make this claim ail but impossible to evaluate.

Specific rasearch acthvities gensrally bacome cheaper to complate with time, dus to
increasing productivity, for sxampie, of compiuters and other technologies. Howewer, advances in
technalogy and knowledge aiso aliow deeper probing of more complax sclentific problems and create
demsnd for greater resources. Bacause success in the resssrch environment depends heavily on
*gaiting there first.* there is clear advantage to having the finsncisl support 10 acquire additional staff

4 March 20, 1991
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and cutting-adge tachnology. Thus, apart from the intrinsic joy of research, competition drives up
demand for funding. in this sense, the "costs of ressarch® will continue to mstch or outpace sny
increnses in Federsl funding.

On a less philosophical note, grestsr cost-accountabiity could be encouraged by the
wxacutive branch and Congress. In panticular, the Fedaml Government shouid seek to eliminate the
confusion around aflowabla indirect Tosts (a visihie topic thess days of special concem 1o ressarch
universiies), and dovelop befter estimates of Atura expendRiures, especially for megaprojects where
final costs tend to be well above Inftial sstimates. (For cost scensrios of the sclence bass and sslect

magaproiects, soe sttachment 5.)

A third Issua of congressional concern addrasses sducation and human resources for the
ressarch work force. (For 8 summary of the number of Ph.D. sclentists and enginesrs in academia,
and de reee swerded--BSs, Mastors, and Ph.D.s—see attachment 8.) Recent projections of shortages
for Ph D. ressarchers in the mid-1990s have spurred urgent calls to increass Ph.D. production in the
United States. OTA believes that the likelihood of these projections being realized s overstatad, and
that thess projections are poor grounds on which to base pubic policy. in both this and previous
OTA work, howsver, OTA has indicated the value to the Nation—regardiess of employment
opportunities in the research sector—of expanding the number and divarsily of students in the
sducstionst pipeline {K-12 through undergraduats}, and praparing graduste students for carser
Jaths In or outside of research,

Participation in sclence and engineering at ail levels can be enhanced ¥ the opportunitios ard
motivations of presently underparticipating groups, such as women and L.S. mincrities, are
confrontsd. Both "set-askde” and mainstream programs could help to addrass thece issues.

5 March 20, 1891




14

Not just the number of scientists and snginesra, or thelr charactaristics, s at issus. Reseerch
in many fields of science and enginesring is aiso moving towsrd a more “Industrial” model, with tsam
efiorts, specisiized responsibiliies within resssrch groups, and the sharing of Infrestucture. The
Federal Government has acknowledged these changss with funding for centers and through block
grants. Perhaps it should also provide Incentivas for universities to sxperimant with policies
conceming the opportunities and rewards for young investigators, postdoctorates, and nontenune
track resasrchan.

A fingl issue of congressional concem is to refine the data collected on the research system.
Better dsta are nesdad 1o inform congressional decisionmaking. Whia data collacted on the
haealth of the ressarch s) slem in some areas are sxtensive, in other areas, data are scarce. in
addition, most of the revesrch agencies, with the exception of the National Science Foundation and
the National Institutes of Haaith, davots few resources to Internal data collection. Without
comprahengive and relevant information, Congress cannot make well-informed Cecisions.

OTA suggests additional Information that could ba coliscted for ditferant isveis of
decisionmaking and accountablity, concentrating on sreas of policy relevance for Congress and the
xcutive branch. (See attachment 7.) Refined inhouse and extramural data colfection, analysis, and
interpratation would be Instructive for decisionmaking and managing ressarch performancs in the
19908

How can the Nation mest thess four challenges? Congressional hearings, legisiation, and
ovarsight should addrass:

8 March 20, 1891
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. uomutﬁnnWWh‘vaWiwhhmhnhmcﬁmmemm
future capabilities of the ressarch system. such as strengthening education and human
resources) in the six major agsncies that fund research [the Deopartmant of Mealth and
HunmSwvbu,Dopmnde.NaﬁmdAmuﬁcamdSmAdm&ﬁwm,
Daspartment of Energy, Nationa! Science Foundation, and Department of Agriculturs);

* cost-accountsbility efforts throughout the resaarch system; and

-mmmofdataonmomom:ymmhwomdocis&onmldng.

This Committes couid take the lead for such heasings.

Similar efforts shouid be initiated in the exscutive branch {sspecially tha Office of Scisnce
memgyPoﬁcy,mommMmmmmdBudmmdmmmhagan:M). Not all
of these problsms. howsver, can be sddresssd by the Faderal Government. Many policies are
dictated by the practices within universitiss and laborstories (both Federa! and industrial), espscially
In the arsas of cost-containment and sxpinding the educational pipelina. This Committes’s
leadership in oversesing proprams at NSF has strengthensd the connections among research,
m,wmm.m.mam-mmmmmnmmcmmm sfforts.
DTAmthnCmm,mowwbmch.mdthenmmhmmmustmwm
these challenges. (Ses sttachment 8.)

In the decade shead, the Faderal Government must make tough choices, in guiding the
ressarch system, sven beyond Issuss of merlt and constricted budgets. How do today’s objectives
and funding commitments bear on the Nation's future capability to do research? OTA concludss
Mmmngmnmnmhuwmwmnquinmmmfundm. it will require new ways to
manage the diversity and creativity that have distinguishad U.S. contributions to scientific

knowilsdgs,
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Attachment 1

WNOTAMMMWWmmWM

Original dats collection and anslysis:
Dagcription Lxigction
Federsl Agancy interviows,
Anslysis site visks,
& document review
Interviews
Case Stxiies & sio visks
Bibllomutrics Chation
Analysss
Ansiysis of Interviews
S8 & document review
Researchors’ Surveys
Views
Secondiary data anglysis
Description Loltection
Revesrch Cost NSF,NIN &
Comparigons other datasy
Countty Surveys Interviews &
document review
Congrssions! Buiget analysis &
1= ] document raview
Rhetorical Document raview
Anslysss
Ressarch Intervigws
Evalustion & document roview
Anslysis of Document review
Solence Policy
Task force
Hearings

Sublecs
Priority setting & funding afiocation

Rssaarch costs & responsivensss to changing
priorities

“Hot" figkts, related flelda, universily comparisons, &

other indicstors

Evolution of SE1 volumes, data prassntation, & future

analysis

Sigma XI members' parceptions of Fadersl
resgarch funding issues

Subisct
Caosts of ressarch

Priory-satting, funding silocation, & ressarch
svatustion in other countriss

Sudget Information on congressional funding &
defintions of “sarmerks”

Historical anelysis of resesrch decisionmaling
by ci¥ferent branches of govemmant & goais of
diterent ideciogical groupe

Post- 1988 devalopmants in research evaluation
nthe U.S. & atwoad

Anslysis of House hearings on science
policy, 1985-1887

SOURCE: Office of Technology Assessment, 1891.
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Attachment 2, cunt.
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Attachment 2, cont,
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Attachment 3
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Attachment 5

Figurs 7—Cost Seanarica for the Sclence Base and Select Megaprojects: Fisos! Yasrs 1990-2003
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Attachment b
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Atts_hment 7

Tabis S—Oesired Data and Indicators on the Fedaral Research System
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Mr. Boucuzr. Thank you very much, Dr. Chubin. We extend our
thanks to you and those who have worked with you in the prepara-
tion of this very excellent report which gives us a sense of some of
the immediate needs that we have in terms of managing the Feder-
al research enterprise today.

I notice that you recommend very strongly, and 1 certainly en-
dorse your recommendation, that we have a high degree of griority—
aeﬂ:mg‘ in terms of those projects in basic science research which
should receive funding in what amounts.

We have an inherent difficulty within the Congress in accom-
plishing that task given the diversity of jurisdiction that our com-
mittees have and the obvious necessity for having that kind of pri-
ority-setting be a cross-cut am the various agencies that per-
form research, a very difficult for us to accomplish within the

. That's not to say that we won’t try, but there are some
structural limitations to our ability, at least at the outset, to ac-
complish that.

I have some questions for you in a minute about the role that
m see the Oéce of Science and Technology Poln:f;3 playing in

tging to establish that kind of prioritization, but let me begin
with any recommendations that you might have for how we, in the
Congress, can lsgllay a more affirmative role than we have in the
gaat in establishing that system of priority. What recommendations

o t{::?have for us beginning with the work, perhaps, of this com-
mittee?

Dr. CHUBIN. As we point out in the summary, there is really
nobody who is minding the full research system and beyond com-
mittee jurisdictions, with which every committee is ed. Some-
body needs to take responsibility to look across fields and perform-
ers and agencies to get a sense of what is being proposed; what
kinds of commitments are being made, and how particularly long-
term commitments may inhibit the ability of the system to be flexi-
ble over longer periods of time.

We think that principal criteria that are now used to fund re-
search should retain scientific merit and program-relevance. In
other words, goals need to be coupled to the means by which they
are to be achieved. OTA, in this report, suggests that two addition-
al criteria shoulg lt?e taken into account,d?_gain not in every pro-
gram or agency, but in some programs and for some purposes.

These two general cr:ten% are: strengthening education and
human resources, which of course builds for the research work
force of the future—people are the most important component of
themgstem;andthenalso,wyingtodevalo institutional and re-
gi capacity. Tlere are many researchers that are spread
throughout the Nation in many universities and other research in-
stitutions that do not receive sums of Federal funds for re-

While on the one band, we argue that the research universities
represent éa slggcious r:s&,ource for this Nation and §hodull§l’i cl:ﬁtp;e-
served an ngthened, it is becoming increasingly di or
them to maintain excellence across the board. At the same time,
other universities which have been emulating what we ht call a
research university model, might beware and also be careful about
trying to build excellence across the board.
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Instead, what we is to try to target areas of research
where they might be able to develop a critical mass, perhaps ac-
infrastructure and attract the appropriate personnel,

and build on it.

There have been some awards in the last couple of years which 1
think have taken this kind of approach explicitly into account. Cer-
tainly the awarding of the Magnet Lab to Florida State is an indi-
cation here that in this area of research, the Florida consortium
can grow and contribute greatly.

Mr. Boucser. Let me ask you this. We are very interested—at
Jeast I can speak for myself—in implementing to the greatest
extent that we can, your recommendations with regard to estab-
lishing priorities. Can you give me just a real clean, concise state-
ment of recommendations that you have for ways that we, as a
committee, can go about doing that?

Dr. CHUBIN. There are the following s ions made, and you
m'gl;t want {0 make reference, as well, to Attachment 8.

e thing that we suggest is that the whole process of setting
priorities needs to go on apart from the annual budget process, the
annual authorizations process, and we suggest that within each
Congress, once each Congress, that this committee hold a series of
priority-setting hearings to give an opportunity both to the science
advisor and to the representat’ res of various agencies to come for-
ward with their ideas about what kinds of initiatives should be put
forward and how they seem to balance or change the portfolio of
their particular agencies.

Imx&?oaddthatOSTPhasalready to do this in targeted
areas ugh the FCCSET mechanism. They've done, we think, a
particularly important job in the area of science and math educa-
tion where they've done cross-cuts across all Federal agencies at all
levels of education, specifying objectives in programs and dollar
amounts that need to be spent in order to achieve the President’s
science and math by the year 2000. This is a mode). .

Mr. BoucH=zR. your recemmendation to us would be a little
more involvement in terms of hearings in listening to the agencies’
recommendations with regard to their research priorities and then
perhaps working with the Administrative Branch, with OSTP, in a
collaborative effort to establish priorities.

At the risk of embarking on what some term heresy, let me
ask you this uesﬁon.Thefundamentalgglemwehavahm—
and you'll this virtually with any committee in the Congress—
is getting theirarmsaroundtheresearchenterfme' . The cul-
ture Committee has jurisdiction over the research that’s funded by
the Department of Agriculture; other committees have jurisdiction
over research that’s by the agencies over which they have
authority. We have a broad sweep of it within the general jurisdic-
tion of the Science, Space, Technology Committee, but no

committee in the Congress really gets its arm around the
en Federal research enterprise, and that, of course, is the struc-
tural limitation that we face.

Even if we were to have ings within this committee of all of
the cies under the umbrella of the Science, Space and Technol-
ogy Committee, we still would not have the entire enterprise repre-

32



29
sented at the table before us, s0 we do have some problems in that

wonlditmakesemetoencompasswithinthejuriadicﬁonofa
committee, the entire Federal research ente ? Would that
kind of restructuring be a sensible step to take in view of the need
thatio?u place before us for priority-setting in terms of Federal re-

Dr. CHUBIN. Given the charter of this Commi I believe that
you can do that. I may be mistaken. Somebody d have respon-
sibiﬁtyfordoingthat.Assoonassomebodysugseststhat.of
course, there are.cries that we are trying to manage the system
centrally. We're trying to have an over-administered system.

O'I‘Awasvery in this report, on the one hand, to recog-
nize the pluralism of the system, its decentralized nature, but at
t.hesametime,bosaythatthereisaneedtomakeﬂxisprocessof
setting priorities more transparent. In other words, there is com-

tive information that needs to be developed. How does OSTP
velop a budget along with OMB? So when we look at that chap-
ter in the budget and we are told that this represents the priorities
of the Administration, fine, we don’t know what went into those
priorities,

Once those things would be presented, it would allow this com-
mittee an c;.gpommity to respond to them. In other words, I think
it expands the dialogue.

Mr. Boucues. We, just to correct one matter, do not have legisla-
tive jurisdiction in a number of research-related fields. One exam-
ple, as 1 mentioned before, is the Agriculture Committee with au-
thorizing jurisdiction over research that is administered through
the U.S. ent of Agriculture and there are other examples.

I'm confident that if we invited those agencies to come and testi-
fy that they would. We could have a dialogue on the question of
ggfgfu?:t thlx:o Committee really dogls:l: have the authlority

authorizing process to establish across agency lines
that broad priority mechanism. We can’t do that.

I guess that leads me then to the next question which is this. Do
g’u see an enhanced role for the Office of Science and Technology

licy in doing precisely that? They have a unique ability to set

riorities because that is the Administration. They have an active
Su-ectorofthat office at the present time. They have had a role in
the recent in setting priorities in areas such as global climate
change and high performance computing. We see those recommen-
dations before us at the present time.
you recommending a more aggressive role on their part in
crm-cutti.n% for priority-setting and if so, would you like to elabo-
rate on that

Dr, Causin. Wearenotsug:sthgr%atOSTPdoﬂﬁsinsteadof
Congress. We are i t OSTP, particularly through a re-
invigorated mechanism, has the ability and apparently
the cooperation of the agencies and OMB to do just this sort of

The problem is that it is a small operation and given their re-
sources and given the fact that a large portion of their staff are on
detail from other agencies, I think it would reguire an increase in
their resources and some direct charge for them to do this.
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1 think that a concern would be that you can do agency cross-
cntsintmgetedmlfyoustartdoingitformrything.then
whatyou’msayingisthatwehavenopﬁoﬁtyamongthesetargeb
ed areas, that you can do this for hi pegformaneeeompuﬁngand
gon can do it for math and science education and for global change,
ut it be much more difficult to add 15 or 20 other areas in
which to do it.
lt.hinktheagenciesdostrategicplanningnlltheﬁmeandl
think that there is a need to try to get some of their more future-
oriented planning out on the table.

Mr. BOUCHER. Are you recommending a resource increase for the
Office of Science and Technology Policy in order to do more priori-
ty-setting?

Dr. CxsuniN. I don't believe that saddling any executive agency
and OSTP with more responsibility and expecting them to doa
better g): with the same amount of resources makes much sense.

Mr. Boucsezr. So the answer is yes, then. Let me ask one final
question, then I'll yield to my colleagues.

We are probably going to hear from some of the witnesses on the
second panel today a suggestion that priority-setting really is not
that important, that all we need t.. do is spend more money and
that if wew:ﬁend more money, the proposal pressure at the various
agencies will lessen. We can fund more science projects, and that
solves the problem.

1 have the sense that it may solve the problem in the short term,
but in the long term, as more scientists come into the system that
proposal pressure is simply going to build up again and we'll be
right back two or three years from now where we are today. Am I

t about that?

. CHUBIN. We share your concern, Mr. Chairman. Let me make
it very clear that we have said in this re rt that the Federal Gov-
ernment could invest more in research. t we do not believe is
that an increase in funding, which would relieve some of the stress
in the short run, would not create some new problems in the long
run. In other words, it would perhaps stem some of the stress, but
that it would be visited upon the system once again. In other
words, there are some strings attached.

Mr. Boucuer. Thank you, Dr. Chubin.

The gentleman from ornia?

Mr. PACKARD. Mr. Chairman, thank you very much. Let me yield
totheRankingMemberoftheFullCommittee,BobWalkerforany
statement or questions that he might wish to have.

Mr. Warkzez. Thank you very much.

I do have a couple of questions, if I could. The whole business of
priority-setting is, of course, a ma{or concern of this committee and
others in the Congress, but what fail to see in your report or I'm
told in your testimony, is any addressing of riority-setting
that Co does do through essentially pork-barreling in science.
That we have now developed a pattern where the authorizing com-
mittees are frozen out of much of the priority-setting as the
mons Committees simply set priorities by allocating i

upon who happens to have a clout in the conference commit-
tee that’s meeting on any given day.
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Could you comment a little on that and suggest any remedies
that we might have for this kind of almost informal priority-setting
that goes on at the t time? .

Dr. Caumin. Mr. Walker, in the full report—which I'm afraid we
don’t have yet—we develop a discussion with some data and analy-
sis of trends and earmarking over the decade of the 1980s,

Mr. Warkzr. That's a nice term for it.

Dr. Caumin. To distill what we say in that little discussion is that
earmarking is used for all sorts of urposes and that it is very
clear from the information that we have gathered and also from
speaking with many people in the research agencies, that earmarks
are disruptive to agencies and agency planning. In other words,
very often, almost always, the money that goes for an earmarked
prgéctdoes notgoforsomet.lﬁl:?t\hatongmundsofmeritnnumis-
sion, 1'.l)ef agency wouldfhaw preferred to_lt:jave_sup rted. ibution of

Also, for pu of redressing inequities in the distribution
Federal researma earmarking doesn’t work very well in that
there are some States that are major recipients of R&D funds
through the agencies, through peer review, who also gather large
amounts of earmarked funds.

We, of course, given the scope of this study, would not be in favor
of endorsing earmarking. We also know, given the —

Mr. WaLkeR. So you are not in favor o earmarking?

Dr. CHuBIN. Yes,

By the same token, there are programs that have been devel-
opeg——and hwe E;hould mtalmlaergzm credxénm NSulaF‘ hexa.) thehEPscota Rg
program, the Experimen to Sti te Competitive
search which is oriented to those States which receive the least
amount of Federal R&D funds—use a merit- based or scientific
peer review-based system for allocating funds as a way to build ca-
pacity in the m and it has worked quite well,

In the 101st Co mandated that DOD, DOE and EPA,
themselves, develop R mfm I believe USDA also has
one. So there are ways to build what we are calling institutional
and re%mal capacity into the system.

Mr. WaiLkes. I think your answer is <ery helpful because the
main argument for earmar has been that somehow we are
overcoming the problem of the major research institutions
dominating the peer review panels and so, therefore, all the mone
gets aﬂzc&atid tgo a handful of universities, and that somehow, wi
earmar e Congress is overcoming that.

I will be interested in your data to indicate that isn’t the case
becauselthinktheﬁroglemisthatwhatwetendtogetare
projects that do not reflect any kind of scientific input but, rather,
arg#ohtical creations.

e had a situation last year where we earmarked money for a
project in one State and when the press went to the university in-
volved and asked them what the money was ing to be for,
th?' said they weren’t quite sure. They were to get the money
and they were sure that they would use it somehow. That is not
gacﬂypriori research then that gets done. I think we've got to

I.?trixe ask ybu this about well-organized research. I think that is
probably an area where this committee does have some ability to
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be helpful, but is there merit in looking at some reorganization
of the tive Branch would also move us in that direction?
dﬁe%ﬁmflgm?immeemd myselfhpve,overapergi_

years, talked a peripherally about putting together a
Wt of Government that wmsd focus on civilian research.

a Department of Science, mce, Energy and Technology,
ing that would pull some of disparate elements
so that there is a consistent organization so that their presenta-
tions to OMB reflect a consistent pattern and so that there is some-
body at the Cabinet table who consistently talks about the research
agenda of the country.

Would that be at all helpful in terms of addressing some of the
issues that you have raised in the report?

Dr. CuusiN. We don’t think so. Sorry.

Mr. WaLkER, It's important to know.

Dr. CHUBIN. Weuﬁnktbesystemhasworkedquiteweu actually
for a long time and the ability of researchers o go to different
:?encies and the ability of different agencies in some ways to

vide the labor in supporting different research areas, is the
strength of the system. .

The problem is we don’t alwaivus know which agencies are sug;
porting which research, and which are overlapping and whic

ings are falling between the cracks.

Science and engineering research are so embedded now or inter-
twined with the investments that this Nation makes, that trying to
pull them altogether into one agency doesn’t seem to make much
sense {0 us.

The down side is, this is a more difficult system to manage be-
cause there are so many agencies that su sortresearch.

Mr. WaLKER. The argument I wms make to you is that for-
eign policy also dominates the agenda of virtually every aspect of
our national life, and yet we have a Department of State that has a
job to do. Business overlaps nearly every jurisdiction we have in
the country, yet we have a Department of Commerce. I mean,
somewhere along the line, just having the focus is important, but I
think your point is a good one and I appreciate your making it.

Finally, is there going to be any comment in the report with
regard to some of the investigations going on elsewhere on the Hill
that is also going to dominate the ority- setting, namely the fact
that universities have seen fit to off-load onto the budgets
a lot of things that are distinctly not research-oriented? Is that not
going to un t our ability to set priorities in the future and is it
not going to undercut the ability to come up with sufficient monies
to do the research agenda? I'm talking about the Stanford prob-
lems and those kinds of things.

Dr. Cuusin. In the full report, Mr. Walker, we do have a chapter
devoted to costs of research. We have not done the kind of financial
audit that either GAO or Mr. Dingell's committee has undertaken.

Indirect costs, in our mind, have really been a black box in that

every university has a different cost accounting scheme ing it
very difficult to com what is defined as an indirect cost, what
that university decides to ask the Federal Government for reim-

bursement, and because of that, we are Lgust now, I think, starting
to see how different universities deal with this.



academic administrators on those campuses and their
own faculties about monies that go into the indirect cost line.

Finally, I would say that what we’re really about here is
how research bears on the education mission of universities. They
are very much intertwined and universities are to have to

how they then account for those costs. So 1 we are just
ing to understand what'’s going on.

Mr. WaALKER. in, I think that'’s useful. I will tell you I think
that it's going to very difficult for this committee or any com-
mittees in the to deal with research and development

if we think monlle{nisgoingtopqyfor furniture for the
president’s living quarters. t is not going to enhance the abilit
to deal in a serious way with research projects on Capitol Hill,
think it’s important that we begin to understand the indirect
cost issue and understand it in ways that help us focus on how we
want our money to be used once we apportion it to the universities.

Ms. RosinsoN. We agree with you, Mr. Walker. We believe that
any efforts that can be put forward to make this indirect cost more
transparent s0 we understand what goes in there, would be a defi-
nite he}; for this problem.

Mr. WaLkze. ] thank the gentleman from California for yielding.

Thank you, Mr. Chairman.

Mr. Boucner. The Chair thanks the gentleman and would note
at this point that this subcommittee does intend to begin hearings
rather shortly in the month of April on the guestion of indirect
costs for university-based research and your participation in that
would be most welcome.

The gentleman from Florida, Mr. Bacchus.

%’n&?&m'mﬂkﬁmmﬁm"maﬁ ith th ks just

en myself wi e remarks j
made by Mr. mr. of us who serve on this Committee and
on the bmmmitteedoso,in_part,becauseofourbeliefintheim-
portance of scientific research in the future of this country.

The President has recommended s significant increase in scien-
ﬁﬂcmeamhforthisyear.lmgrﬁthatremmandaﬁonasl
members do, but given the budget agreement,
a hard t ahead

we ve of us in the House and in
the Senate to try to those through.

Headlines about Stanford University and other problems we're
facing in terms of accountability do not help us at all. I think we
need Government of waste wherever it exists and if it
eximinmeamhupending,waneedtodopmiselythat.
Imsﬁuck,sir,bysomethingthatywmidﬁutamnmentago
that 1 think echoed something in_your comments in testimony
about the quality of life on campus. I t Central Florida. On
Monday of this week, I met for several hours on the campus of the

g
g
-
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University of Central Florida with the department chairs and some
other in the scientifli,ci o?emsta . ) d

from chemistry, ORY, tistics, phyllm. and other
departments shared with me their concern about the quality of life
onthecampu&Theymmcernedaboutinstmmntaﬁmnmds.
They are concerned about facilities needs. But most of all to a
person, they were concerned about o?qa.lity of life and they were es-

pecially concerned about the lack of incentives to en young
geo to go into science and into mathematics, and to e those
their career.

I noticed in&eour testimony that on page five you exprees some
doubt about dpm;ected shortages that are uently talked
about in terms of science and math professionals. ple at the
University of Central Florida on Monday believe those shortages
are real. My guess is you’re merely saying they've been overstated.

Also, you talk about incentives as well and you say, “Perhaps it
should also provide incentives for universities to experiment with
policies concerning the opportunities and rewards for young inves-
tigators, postdoctorates and nontenured track researchers.” This is
precmeldy what concerns those people that I met with on Monday.

Could you perhaps elaborate on these incentives, on the short-
ages ax';d on what ¥ ads of incentives you would recommend we

pursue’

Dr. Cuumin. The reference to both opportunities and rewards for
those categories of researchers who are not principal investigators,
that is y the referent of that comment. What we have among
the ranks of postdoctoral researchers and nontenured track re-
searchers are people who were trained in research under a mentor;
they were socialized to believe that they will have the opportunity
to &come principal investigators; that they will in fact able to
emulate, if they choose to go into the university as an employment
setting, to emulate the career pattern of their mentor.

Whatwemseeingnowisthatbecauseoffundmgstresses,be-
cause of competition, that many of those people are not being given
those opportunities. They, in some ways, are trapped in a support
position, working for a major professor.

At some universities nonfaculty are not allowed to submit pro-
Frnciyal inveiga D IV e e it wo_sugsest s, porhape

in 80 one we is, per
&:policysh d be reexamined and universities could easily

Anotheropportunitytl}atwethinkthemarketwillbringisﬂmt
if enrollments, as predicted, increase in the mid- 1980s, there
should be more t‘:re?mnd for f::ulty.f algut;ther wgrds, thege Sh;blgdﬁ::
more opportunity for people positions and ma i
mblemwilltakecareofitself.ﬁ’tsnot ear.

With regard to shortages, OTA’s position is really twofold and
we’vadonetwoother&ieeesofmrkonthjs,soletmejustbrieﬂy
restate our position. We think that at the doctoral level, market
mgnalqandmarketforceswﬂltakecamofthenwdfor?h.ns.lf
there is going to be a shortage, it will occur at the baccalaureate
level. The baccalaureate level means that the support personnel for
research would be a factor, not researchers, because most research-
ers are going to get a Ph.D.
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The concern we have at the same time is that there are some
segments of the student population, and we name those— United
States minorities, women, the phym:ldf disabled— for whom with-
out some policy intervention, they will not get an o ity to
participate in these careers. They will not be ited. They will
not be retained without some programs in place. In other words,
f.hﬁrhave been chronically underrepresented.

. BaccHus. So you're recommending set aside programs for
women and minorities?

Dr. Cnumin. Not necessarily set aside programs. They have been
viewed as set aside programs. If the criterion of stre ing edu-
cation and human resources is taken as a criterion for funding in
some then it could be used in mainst. mmpmmsas
well r scientific merit of the proposals has been identified.

Mr. Baccaus. Educate me, sir. Is there any element of affirma-
tive ac;.ion in our current distribution of these Federal research

Dr. CauniN. I'm sorry?

Mr. Bacchus. Is there any element of affirmative action in our
current distribution of these dollars?

Dr. CHusiN. In other words, are there programs that—

Mr. Baccrus. Are there programs that specifically provide incen-
tives for women and minorities to participate?

Dr. Cm:l;m. Yes. There are many programs at NSF and NIH

Mr. Baccuus. And they recommended increasing them, I believe?

Dr. CuumiN. Yes. The problem here, Mr. Bacchus, is that the
money for those set mside programs is usually quite modest. So
there are a great number o programs that are targeted to women
and minorities which are just not very well-funded to reach a large
number of students at various levels by way of the education
system. But their impact is less than they might be if those funds
could be increased.

The problem is that in tight financial times, people view this as
more of a luxury and that it's detracting from mainstream pro-

gramming.

Mr. Baccuus. As 1 hear you, you would like for us to increase
that funding but also on your earlier testimo:gl, you would
like us to spread the money around a little more as well?

Dr.Cuunm.Aswepointoutinthem‘Kgrt,theremmanycom-

m';"goods". There are many things that need to be done and it
upon—
. BaccHus. But they don’t all have to be done at Stanford?

Dr. CHUBIN. It de upon what the objectives are and whose

priorities they are. I guess what we're saying is you can’t optimize

on thim-:mltaneously.

Mr, BaccHus. ﬁu and thank you for your comments
about the Magnet Lab at Florida State University.

Mr. BaccHus. The gentleman from California?

Mr. Pacgarp. Thank you, Mr. Chairman.

1 would like to have you discuss in more detail what the report

says and what your reviews show on big science versus small sci-
ence. And also on large scientific projects, what steps are taken to
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determine and what are some of the criteria that ought to be used
in determining where big science goes?
I think there is a general feeling that they tend to congregate

into specific hic areas or certain universities capture more
of them and so forth, and I'd be interested in further comments in
those areas, please.

Dr. Causin. Attachment 5, Mr. Packard, tries to show the crystal
&hnmatmlmkgei&tgmuyéngmmﬁmwm;;;gttihvg%ﬁ

megaprojects, ding of megaprojects an
of what we call the science base.

It's hard to get a handle on this one, we think, because the esti-
mates on megaprojects seem to be inconsistent. Some of them in-
clude just construction costs, some of them start factoring in oper-
ating costs. We do not have a good sense of what goes into those
cost estimates or what the criteria are for developing them. .

Let's go back to what we put into this attachment. Starting with
1980 dollars, we estimated a 3 percent growth in the science base
which is listed in the lefthand column with megaprojects piled on
top of them, so you can see the contour of that curve.

you look to the right, if you include the megaproject funding,
there seems to be an adverse impact on the amount that would go
into the science base and because there is a history of cost in-
creases in megaprojects over time, what we did for good measure
on the bottom two charts is just doubled this 3 percent growth,
again with just funding for megaprojects piled on top of the science
base on the left, and then what hapgens if you have 6 percent
gmwtgxa:en the right. Again, a bigger chunk is taken out of the sci-
ence .

Thie 18 OTA's way of saying that although there is no place—this
really gets back to Xdr. Boucher’s point about no committee can g
its arms around the whole system—but if you tabulate all of
megaprojects and look at them this way, versus what often is iden-
gxide as individua) investigator or er science, there is a trade-

re.

So what we're suggesting is that these outyear mo , 88
they are sometimes called, that are incurred by megapro can
have long-term adverse im on what can be done in the science
base. In other words, it will force some other choices for particular-
ly the NSFs and the NIHs of the world.

Would you like to add something?

Dr. ANDELIN, Let me make a comment about I guess tying to-
gether what one might do to oversee the agencies and the question
of megaprojects. . : .

In bringing any agencies before the Subcommittee or Committee,
whether they are those directly in your jurisdiction or those
coming out of courtesy, the Committee could ask issues of how did

ou establish the merit for the package of proposals you have

rou%l_xttothe()o ; to what extent will this package of activi-
ties, if approved, affect the development of future scientific human
resources; to what extent will it affect today’s institutions and fa-
cilities and how will it affect those in the future—those just relate
to setting today's priorities, if you will, and beginning to build to-
wards the future.
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To bring in megaprojects for those agencies that have such mega-
projects now or where you might suspect they would in the future,
you can ask questions not e how does this project’s obligations
change over future if the total funding a e in the future
were to increase dramatically, not increase so much, be held rather
tightly, saved by the budget reconciliation agreement; how would
the accepte.ace of this megaproject today affect your flexibility in
the future; what other major megaprojects, if you will, might you
bring in over the next 5 or 10 years, and again, how might the rate
of change of total budget over the next 5 or 10 , the accept-
ance of teday’s megaproj and the accuracy of the estimates of
today’s megaprojects aflect whether or not you can bring some-

Whhout Heking that Tt a1 ¢ wasa

ithou t list again, and 1 recognize it was a long one
with some parenthetic comments, the point is that the decision
today about any given megaproject or any package of them across
agencies, depends almost as much on what your estimate is of the
future funding capabilities of the Committee and the be-
cause otherwise you don’t know how big a bite this will out of
the base research, if you will; the er investigator, bread and
butter projects, and you don't know without knowing what new
major projects are coming on line—this attachment assumes no
f;ll::eg:g)rojectalemywln!:serer for the} next de:gde, oth%x;wbe gig:er ttl;ti_

nding envelope to go up faster or there’s a bigger bite ou

the base research.

Many agencies, if you talk to them, will be talking about new
plans. There’s new s plans. There's new De ent of Energy

plans, and those are not in this. today’s decisions
depend upon your best judgment of what you’ll be able to do in the
future and the agencies’ remarks and your judgment of the accura-
cy of those remarks as to the costs of what they are now proposing
over that same future.
. Mr. Packanp. It appears to me that we need to consider a priori-
m system for big projects or megaprojects independent from
projects because they simply are not the same and there
needs wjectsalsoé it a ectt?s gx:éa a prioritizing th dingbemﬁe n
megapro an ro use again the often is
igni cant.lyaffectedingo areas by the other.
en there needs to be an overlay of geographics because again,
there is the perception that some States are getting mrst or many
of the big projects, and I think that may have an influence. Then,
of course, you have the interagency problem with megaprojects, all
of which is so disjointed that often, at least from my perception,
megaprojects are now being and have been in the past, in at least
the 8 years that I've served on this committee, have been evaluated
andprioritizedonaease-by-easebasisratherthanhaﬁ%rgome
fundamental or underlying prioritizing system or steps ugh
which we could go to evaluate whether the project is worthy or not
and ought to compete or not.

A good case in point is the 8SC, the super conducting supercol-
lider, which we evaluated almost totally oblivious of other big
projects or small projects for that matter, and it was simply evalu-
ated on its own merits without any real fundamental system of
evaluation. I suspect we do that with other projects or megapro-
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{:wmdlmthinkoftwowthmothmthatinmyjudsment

ve been handled much the same way over the many years.

Are you i ,ordoyouhaveanythiégin report that
a t or more improved way uation of mega-

?

Dr. Caunin. I think you stated it well, Mr. Packard. There is a
need for some systematic look across these projects ard across the
mwchﬁhgpdummgmemnmme{enmgul}emﬁ
way, particularly as megaprojects themselves are un
construction, there needs to be some interim measures of how they
are satisfying the various objectives that have been set out for

If the SSC has an educational function, then by the mid- 1990s,
we should have some interim measure of that.

Mr. Packaro. I believe that would certainly lend itself, if we had
such a policy and such a procedure, to ing Mr. Walker's
concern and that is that politics often drives the big proj rather
than the merits and other facts. I think that’s something this com-
mittee could probably best address and perhaps OTA also.

Thank you, Mr. Chairman.

Mr. Boucuer. The Chair thanks the gentleman and recognizes
the gentleman from Maryland, Mr. Gilchrest.

Mr. Gricurest. Thank you, Mr. Chairman.

I guess anybody up there can answer this question. I'm trying to
grapple and understand what Mr. Packard is saying and everybody
up here about the priority-setting for megaprojects. Small projects
seem to be a little bit political. It depends on region. It depends on
who has the most clout, I suppose, to get the limited dollars.

Could I talk in an ideal sense for just a minute? Speaking ideal-

, considering the state of the planet—and I consider the state of

e planet to be different in 1990 than it was in 1890, and it cer-

inly will be different in 2090 than it is right now due to popula-
tion, global warming, a whole range of things. So when all of these
dollamaresﬁntonallofthwe research projects, what, in your
opinion, wo be—maybe what should be the criteria for
prioritizing research in the United States?

Let’s just for a second take everything else away, where would
our money best be spent for research as far as global warming is
concerned, alternative fuels, population the ozone layer,
stimulating curiosity among public school children to go into the
scientific and math fields, those kinds of things? What should be
America’s priorities for research?

i Ig’ng'rm l?‘:oggc;debcla . cotheshortmristhatt&i:
is ' jo i use Congress is to serve
public interest and is trying to attain national goals, Scientists will
always want to advance knowledge, as well they should, and in the
process, if they also happen to improve the technological innova-
tiveness of the country, if they happen to improve the state of eco-
nomic development in a State or region, all the better.

Those are objectives now that have been attached to basic re-
search and the pursuit of scientific knowledge. So criteria have got
to fohnrr%spond with objectives.

ohn?
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Dr. ANDELIN .Imightaddthatagmn’dmh%fthereasmmﬁ:es&?

mouseongresmomlheaﬂngan perhaps rem m the
g:dtgetprmmbotalkabout issue of what the Nation, the
beCongxm representing the Nation, wishes those national goals to

What we note is that once the budget is effectively parceled out
bmcy, the research priorities become rathe: straightforward,
w they meet those agencies’' goals and not whether some-
thing in one agency is better or worse than the project last funded
or not quite funded in some other agency. It is already divided up
by agencies, by Committee and Subcommittee jurisdiction. The
same thing occurs in the appropriations proces: once the full Com-
mittee es its rough cut to Subcommittees. This cross-cutting
priority setting, which I sup we could have culled “thinking
about the Nation’s ", its been done.

The issue is finished and you're beginning now to argue within
an agency and presumably if the agency has done its job well, and
many do. The priorities are pretty well lined up with what they've
been told to accomplish.

What you can explore by higher level, broad hearings is just the
series of questions you a to us, which is what are the Na-
tion's best priorities for late in the 20th century as we l&gproach a
21st century with different kinds of global pressures—Mr. Walker

clearly; different demographics of the United States;
different economic conditions. It is very much what Congress is
here to help think about.

We're suggesting the kinds of questions J;ou can ask even individ-
ual agencies to get a picture of how their Cy or agencys
present mission starts to meet what you might think of as broader
national goals.

It isn’t that in one year any one authorization or appropriation
process or even a Con this all gets straightened out, but if we
can just learn to ask the right questions, begin to get some sense of
the credibility of the agencies in responding to those questions, we
begin to build a basis on which we can judge national priorities
better and whether the agency’s individual missions add up to that
national priority.

As Daryl said, the FCCSET cross-cut on science and math edura-
tion looks pretty good but we're saying that megaprojects by being
so large, by having such a large present and future claim on the
budget, in a sense ought to be considered cross-cutting by them-
selves, le:\ren tthough any one of them fits rather nicely in the
agency budget.

That, I believe, was alluded to in the testimony and was certain-
ly discussed in the summary and the main report.

Mr. GncuresT. Thank you. I know I need to do this and all of us
toadegreeIsupme,istokeepoureyesandearsogenandthe
best thing we can do up here, I guess, is to ask the right questions.
Thank you.

you, Mr. Chairman.

Mr. Boucszer. The Chair thanks the gentleman and just has one
further question of this panel. -

It seems to me that one of the reasons that we have made s0
many scientific advances and then flowing from that, advances in
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where essentially a single project manager make, the decisions on
which projects will get awards? Dr. Chubin?

Dr. (ggmm Let me say something about NSF and then Dr. Rob-
inson will say something about ONR.

One problem that has been identified certainly is that research-
ers are having to spend more and more time in writing pmms
as opposed to doing research. That's almost an operational -
tion of proposal pressure, that more are being dumped into the
system in order to get funding.

Some people say—and I've heard this said more about NIH,
though I haven’t seen anything with data to support this — that

roposals are actually getting better. Whether that means they are
ing more research that’s being reflected in the proposal itself re-
mains to be seen.

Other researchers claim that the system is getting risk averse
ang that there’s mxdat:e or mainstream ideas eltl:;at are being put
into proposals in order to satisfy expert peer .

N&’, in part, has acknowl this by dﬁlo % t another
program, to their credit, which gives up to $50, or a small
grant for what they call rimental research, which allows the
program manager at his or her discretion to decide whether this is
a good idea. And in a sense, it's seed money for that investigator to
pursue that idea and then to reenter the system, or attempt to re-
enter tMmm by submitting a full-fledged proposal that would
be revi competitively.

I guess that's one way of saying that even NSF, which funds cut-
ﬁqgedgeresearchaﬂtheﬁme,msayingthatinordertocounter
this tendency that may be out there, we'll have this small grants
for experimental research program.

It's clear that at the two agencies where peer review has been
the primary input to decision-making, NSF and NIH, that program
relevance—another way of saying “manager discretion’”’—is more
and more being exercised. In other words, panels, peer evalua-
tions are certainly the primary input but m are not automatical-
ly the basis for deciding who ge.s and who doesn’t.

Mr. Boucszz. Are you s ing by that that the proposal pres-
sure;ﬁelfmha%? at the peer review agencies of in-

r n

WA‘@& NSF, itﬁ gllad in an igehouse study gxiat; they
released saying ey were being besieged pro-
posals and ﬂwy“ﬁ:e to find some ways te streamline their paper-
work in order to continue to be selective of the most meritorious
research. So pro pressure doesn’t refer only to what the re-
searchers are fee it's also what the agencies are expe -iencing.

Mr. BoucHzs. By the answer is yes?

Dr. ChusiIN. Yes.
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Mr. BoucHzx. Let me go back to my first question which is this,
do you detect an adverse effect on high-risk research, getting those
proposals funded because of the proposal pressure that exists

Dr. CuuBiN. If you're asking whether I think that high risk pro-
posals are being ined fun more than they were in the past?

Mr. Boucuzr. Right.

Dr. CrusiN. Members of the agencies who work in the agencies
at various staff levels claim absolutely not.

Mr. BoucHEr. Do you believe that?

Dr. CuusiN. I never believe entirely what the agencies tell me.

That’s my job, not to.
Mr. Boucuer. What is your opinion based on the work that
you’ve done and the that you've done?

Dr. CHUmN. I think there’s a lot of latitude within )
within agencies. The high-risk agencies are still hiﬁ?-ﬁm-
one says DARPA is doing it the way they always did it, and the
lower-risk agencies—I'm not sure who I'd want to put into that cat-
egory—I think there's a lot of variation within those agencies as to
the kinds of pro that they fund, that they see as high risk
and others that gy do not.

Mr. BoucHzRr. I don’t want to dwell on this at great length. It’s a

relatively minor point in the great mix of issues we're i
about today, but I would like to get just one clear answer to this. In
those agencies that fund both high risk and for the sake of discus-
sion, low risk kinds of projects, do you detect any bias now against
the 'l’xigher risk kinds of projects as the results of proposal pres-
sure?
Dr. CausiN. I didn’t mean to be evasive before, but I don’t think
there is a bias in the agencies on this particular dimension. I think
the agencies have got to balance various kinds of criteria and I
think that they do a fine job at that.

Mr. Boucnee. All right. Thank you.

The gentleman from New York, Mr. Boehlert?

Mr. BornLerT. Thank you, Mr. Chairman.

I must confess to all of you that 1 am as frustrated a member of
Congress as you can find because I agree that we have to set prior-
ities. We just can’t do all things for all disciplines and simulta-
neou& but the problem is we rely on the advice of experts—as

ht expect, we're generalists—to help us set the priorities.

e frustration element gets at a very high level when we talk to
the experts and very few of them are wil to discuss the merits
of any project outside of their discipline.

I could address my favorite topic, the superconducting super col-
lider, and I get a narrow discipline in the physics community that
will tell me it’s the greatest thing since sﬁwd bread. Privately, 1
get people all over the scientific community saying, we think
you're on the right track, we don’t think this is a high priority. We
think there are others that deserve a much higher priority. Pri-

vately, say that. Publicl {, it’s something quite rent.
Thst?; tﬁzsg-ustration. Can you help me? Can y:u calm me dow. a
litt.e bit? Can you guide me in the right direction?

Dr. Crumin. I'm afraid I can disillusion you further. Do you want
to say something?
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Dr. ANDELIN. Let me give Daryl a chance to decide what he
wants to say and make a comment of my own.

I think you're asking—no, you're asking what looks to you to be
the same question of those different groups. I think, in they
are different questions. When you ask—it doesn’t matter
which project—the discigne about it, theg’ re telling you about the
narrow, scientific merit of that project and th mteﬂingyouahit
9bou_t30wittiesintothefuture that discipline. They have that
in min

When you ask those in another discipline, they may be saying,
well for the development of scientiste and engineers for the fu
for the breadth of the field, for the way in which we would build
facilities that have uses beyond the discipline, for our interests,
then t.h:tsll project—whatever the projects may be—will be evaluated

y.

So within the discipline, they are answering a dmcxphna? ques-
tion. When you cross disciplines, they're ing about what I guess
we'd describe as the health of the whole scientific establishment. It
doesn’t mean that either answer is wrong. They are just, I think,
the same question means different things to different people and so
you would expect to get different answers.

One of the reasons we suggest that Congress can decide what
you'd like scientific research to accomplish, you might then—and
there’s a list of goals we mentioned earlier and we can talk about
again—then you have a better idea how any given project or field
fits into those, or activities within a field then you might get a
somewhat more consistent set of answers.

You could ask the proponents of the SSC or any of the other me-
gaprojects what they intend to accomplish on a number of national

pick your national goals—and if one of them is the advance
of science or energy physics, I suspect you'll get a very positive
answer. As you go into other fields, you may get, well we haven’t
thought about that or it too is very positive. :
. Mr. BoenierT. Well, let me ask you this. Why do you think there
is such great reluctance—believe me on this subject I've talked to
some of the most distinguished scientists in America —to say pub-
hcgrwhat they are willing to say to me privately?
. ANDELIN. I would be surprised if that weren’t true, 1 suppose.

Mr. BoEHLERT. But why? I'm trying to get the why.

Dr. ANpELIN. Well, we're saying gentleman’s agreement not per-
e B A i araid of bally spanked by

A . i getting verbally span
their colleagues and their discipline?

Dr. ANpELIN. But also if you're not in a given discipline, you
can't easily judge the leadlxoedge in that field and so it's
bard to make a statement about whether or not some project or
area or funding increase is or isn’t valuable to chat other field.

Again, I if you can ask a question that’s constrained
enough in words that everybody knows what it means and it means
the same thing to all parties, you may get more consistent answers.

Mr. BogaLert. The Industrial Research Institute, for example,
was asked to prioritize five megabucks science projects, for want of
a better description, in terms of their contribution to the competi-
tiveness of the United States. Human genome came out number
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one. Space station came out two. Number three was the national
W s&:‘m& Number four—surgrhe—SDI, and number five
was , but that’s sort of a broad base, anonymously an-
swered survey of 200 or so professionals in the private sector.
Dr. AnpeLIN. But that question is tightly enough cFl:u-ased that
gmtgetmughlyﬂmtsame answer, or & mix depending on
individual. It may be shuffled differently, but you'd get individ-
uals to answer that question because you're saying ju on a
competitiveness criterion, & how do these rank. If you judged
on the development of scientists and engineers over the next
decade, how do these rank; if you ask, ju on the utility of
whatever it is you're spending money on to build institutional ca-
pability or maintain institutional capabi'l_ig, how do these rank; or
ask about the development of new material or new technologies, it
d on your %xgstion—if you ask about Nobel prizes—
BozuLErT. S0 we have to be more precise and more narrow

in our m of the ,l%uesho n?
16 o skt oy yourl gete?;: e that fits the pen ”k&emm
you ask one, you answer 1 e person depen

on where he or she is sitti andwhattheythingeisthequesﬁon.
If you ask it very specifi , they'll say I don’t know, which is a
legitimate answer or they'll help you sort it out.

. RoBINSON. We also believe in this report that there should be

ition of what the role should be of the different communities.

We don't put much stock in the science community being able to
generate cross-cutting priorities. They don’t have any mec
to do it. They don’t know how to do it, and they've shown in the
past that it is difficult, just like you've mentioned.

We feel, tho that it is the role of Congress and the role of
others to apply additional criteria beyond just strict scientific merit
and disciplines to order these priorities. So instead of relying on
the science eommunitiato come up with the broad priority-setting
structure, which they have shown to be unable to do and which we
don't think they can do, Co needs to take this on itself and
also a:ekt. the Executive Branch to come up with a cross-cutting pri-
ori

Mr. BoenLerT. Well, 1 accept your challenge and this year on
this full committee, Subcommittee on Investigations and Oversight,
wa’mgoinlgtobeworkingtheproblem,as y say in this town,
and we'll look to you for some guidance as we very carefully craft
very specific questions because quite frankly, the only reason I'm
on this committee is when I came to Congress as a freshman in
1982, the wizards of the back room looked at my background and
said, Boehlert got a D in high school physics, he belongs on the Sci-
ence Committee.

ter.]

%“&m I say that, and it’s true, but we are generalists up

here and we're constantly reaching out for the best advice we can

get. We're talking about billions and billions of dollars—they’re not

lna:g& dollars, I contribute a few to the Treasury but they’re your dol-
Yes, Doctor?
Dr. Causin. Mr. Boehlert, we'd be happy to help you craft some

of those questions.
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Mr. Boenrert. Thank you so much. You've got a deal.

Thank you, Mr. Chairman.

Mr. BoucHER. The Chair thanks the gentleman and thanks this
panel for its presentation this morning. We may have some follow
up questions for you in which case, we’'ll submit those in writing.

We now welcome our second panel of witnesses for the day, Dr.
Rolard Schmitt, the President of Rensselser Polytechnic Institute;
Dr. Rustum Roy, Professor of Physics at Pennsylvania State Uni-
versity; Dr. Leon Lederman, President of the American Association
for the Advancement of Science; and Dr. Douglas Lauffenburger,
Alumni Professor of Chemical Engineering at the University of Illi-
nois.

We welcome our second panel. Without objection, your written
statements will be made a part of the record and we would ask for
a 5 minute summary of your statements orally, and we will be
happy to recognize the first gentleman to be seated who I believe is
Dr. Schmitt. We'll be happy to begin with you, sir.

STATEMENT OF DR. ROLAND SCHMITT, PRESIDENT, RENSSELAER
POLYTECHNIC INSTITUTE

Dr. Scumrrr. Thauk you, Mr. Chairman.

1 have learned from reading the papers and the comments in this
room that university presidents, when they appear before congres-
gional committees these days, have to establish some credibility. I
want to spend a minute doing that. I think that with Congressman
Boehlert, I have already have it, I hope.

T've spent 8 years as & university president, 87 years before that
in industry, in a position that turned out many, many innovations
that bave produced billions of dollars of commerce for the United
States, cat scanners, magnetic resonance imagers, high perform-
ance polymers, jet engines, lighting and so on, a lab which pio-
n in many of thes: areas and won in many of them against
the Japanese as well as others.

1 also come from a university in which our administrative costs
are going down. Our overh rate is going down. Thare are no
flowers in the president’s house paid for by taxpayers’ money and
where a minuscule fraction of our research support comes from the
Japanese, and that only with the concurrence of our American
partners, whereas a larger fraction of our research is supported by
industry than that of other significant research university. So
that, 1 hope, will establish the grounds on which sit, stand or

speak.

The OTA report, “Federally Funded Research: Decisions for a
Decade,” is indeed a verl);é very timelﬂ and iﬁﬁortant report. In
reading it, I found a number of parallels to a I gave on Febru-
ary 15, 1991 to a joint meeting of the Councils of the National
Academies of Science and Engin eerin%;land the National Science
Board. Tius my written testimony which has been submitted is
based on that earlier talk. What I would like to do is just summa-
rize it very, very briefly.

The perspective f my remarks is that of an academic research
university, rather than thet of the Federal Government so it differs
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slightly from that of OTA. So I took a look at the total funding of
academic research, not just the Federal ing.

This is important because Federal funding been the slowest
growiﬁnureeofsupportforaeademicR&Doverthelasttwodec-
ades. Moreover, today Federal funding accounts for only about 60
percent of total academic R&D funding. .

What ;s rhaps most striking to one that looks at that is that
the level of discontent in the academic research community has
become more and more intense during the 1980s when the growth
of total support has been strongest.

Recently this was dramatized especi ystronflyb an interest-
ing little survey that appeared in the February 1991 issue of Phys-
ics’l‘oda.Thereitwasreponedthatyounglpbysicsfacultywem
surveyed in 1977 and were again surveyed in 1990. In 1977, 63 ga-
cent of those surveyed thought that funding was adequate in 1990,
onarll percent thought so— a dramatic dx'votgI

. BOEHLERT. Excuse me. That’s within the physics community?

Dr. Scumrrr. That’s young physics faculty, that's correct.

If you look at the per capita support, the actual per capita su
port in constant dollars in the ical sciences, which atguttadiy
includes physics, chemistry and a little bit of astronomy, that
capita support in constant dollars hit a minimum in 1977 when 62
percent of the mple thought funding was adequate and the per
capita support been ing steadily at about 6 percent per
year ever since as the number who thought there was te
support plummeted, a very curious phenomena, and one o the
most dramatic ones that I can imagine to show one of the things
that seems to be happening.

During the 1980s, the constant dollar per capita support of aca-
demic research in total has been growing substantiallge:t the same
time that the level of discontent seems also to have been growing.
So I have had to come to believe that there are structural issues in
§hesystemasitexiststodnythatareasimportantasthe.mogey
issues and my submitted testimony examines this curious situation
in more detail. )

Just to mention a few of the changes that have occurred during
the last two decades, there has been a very significant growth in
the academic research system consisting of two elements—one in
the number of institutions engaged in research and second, in the
relative amount of effort devoted to research over education and

The academic research system has quite admirably, in my opin-
ion, spread to a larger number of institutions and Federal i
has contributed to that spread. We have many more research uni-
versities today than we had in the early 1970s. At the same time,
the research intensity on those campuses has grown. A and
larger fraction of academic doctorals have become dedicated to the
research, the number of academic doctorates with R&D as their
primary activity has more than doubled in the last 15 years. Fur-
thermore, the new doctorals going into academia have increasingl

ne into research and development, not teaching positions. -
y, among the academic doctorals primarily devoted to the re-
search, nonfaculty employees are growing the fastest. So every sign
indicates the increasing research intensity of the system.
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If you look at the deployment of post doctoral students and of
graduate students, we find changes in those that are all consistent
with this increasing research intensity on the campus, more and
more research assistance devoted to research goals, less
and less resources into more general things like traineeships and

What&onyouconcludefmmallofthis?lnmyview,academicre-
search has three essential functions. One, the first one is to con-
tribute to knowledge of value to our society. The second is to edu-
cate graduate students via the composite system of advanced, spe-
cializedcoursesandmearchappmnﬁmhips.Thbﬂ,istoenncb
the education of uate students via teaching by faculty
who are in touch with advancing knowledge.
Allofthetrendslremarkonindieateasifnmmtshiﬁmthat
first function, namely contributing to knowledge and the signifi-
mntgmwthinitssim,espedaﬂydur'gutg:lastdemde.mm,
that trend is one that has tended to local flexibility. Virtu-
ally ali: the sup is by targeted research grants. There is little
local flexibility left to reallocate resources.

1 think that one of the problems of support for young, beginning
researchers today may come from this limited flexibility. It used to
be that department heads and deans were able to trainees
and some of the fellows to faculty members to help them get
started in research. That ity is gone today. The Federal sup-
port of traineeships has dropped signi ﬂg.

) So I believe that the discontent today and the stresses expressed
in many quarters has led many to believe that it is simply a short-
age of money that is a problem but as you can tell, I think that the
problemsaredeeperthanthatandthepremurestoeontinueevolv—
ing further in the same direction may not be the thing to do. It
may be time to pause and ask is this the best way to go.

I think OTA has articulated some of those issues very well, at

for the Federal Government. I believe the academic communi-
tymustalsogoininthisreexaminaﬁon.Solvingthis,thereisno
single magic bullet or master plan that can solve these ems.
There are many specific actions that need to be strengthened or
initiated and they generally fall into three groups.

The first that I would put forward is ing better use of our

t resources. In my view there are i t opportunities
doingthatandlcangointommedetaﬂmthatifyonlike.'l‘he
second is linking research more strongly to education and to
human resource development. The OTA report does acknowledge
human resource develo t can be an important component of
academic research. I it is a high priority. Finally, is devising
innovative new initiatives to attract new resources.

Inthetastimonythatlmbmitted,lhavedetaﬂsofseverals‘ﬁj
ic ions on that. I might just mention two or three of
One is the spread of research to more and more universities. I
agree with the OTA comment that in doing that, we should not en-
courage every new research university to a com nsive
research university .Weshouldmthermtpolicies practices
which will encourage some of these uni ties to in cer-
tain areas, others to specialize in other areas. I think some changes

1
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in the policies and practices of agencies could help to produce that
result.

Another dimension of research utilization quite frankly is the
local management of resources. By that I mean equipment, space,
serviees,aswellasthedirecteﬁortsofthemearchteami{selﬁl
am sure that on most campuses, there are great opportunities for
more sharing of equipment, more effective utilization of space, and

less expensive ways of procuring needed services. I could
give you examples of that, if you wish. )

In research and education today there is a strong bias towards
using nonfaculty, doctoral research people on research grants
rather than using graduate students, which I think is a very bad
thing. Why is that so? The reason is very simple. The sponsoring
agencies are all oriented towards seeing what research results are
produced and to get nonfaculty doctoral people working on those
research contracts rather than graduate students produces results
more quickly, leading to publications earlier and a r chance of
renewal—again, a situation that could be changed and affected by
agency policies.

I believe that the Administration’s program of traineeships and
fellowships across all of the principal agencies supporting academic
resources, a very desirable initiative and strongly sup&)rt that. In
addition, an organization with which I am associated, CORETECH,
is also advocaet':g the establishment of fellowship and traineeship
programs by of th2 Federal megascience and megatech pro-
Erams. We talked about those programs earlier. If we're going to
have such lar, e megascience, megatech p they ought to be
asked to contribute to the development of the human resources
that they use.

Finally, we need a lot of new ideas. I emphasized local flexibility.
I think some of the ideas in NSF illustrate what I'm talking, the -
Engineering Research Centers, the Science and Technology Re-
search Centers, were very fine initiatives that brought millions of
?gditional dollars into the science budgets, but we need more new

eas,

One that’s been suggested which would help to alleviate a
lem 1 mentioned earlier. That is this decreasing local flexibility
would be something equivalent to DOD’s indepenﬁent research and
development funds, the R&D funds provided to academic institu-
tions doing federal research, funds equal to a certain t of the
Federal contracts and awards that could be the insti-
tultion:mtshemﬁlves o:_'m' unrelated programs and especi to help
solve problem of getting young, new investigators started.

Well, there are other ideas like that. My point simply is that
while I believe it is important to continue the growth rates in
R&D, in academic R&D, at the rates of the 1980s—I don't wat to
say that there are no money problems, far from it—I also believe
that we n‘:gd to make some structural changes in the way that
growth is .

As things stand, I don't know that just pumping another $10 bil-
lion into the system won't simply intensify these structural prob-
lems that have caused the stresses that are curiously out of sync
with the growth rates, as I pointed out, and won'’t simply precipi-
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m the call for another $10 to $15 billion increment down the

'l‘l.mt's a summary of the written testimony I submitted, Mr.
[The prepared statement of Dr. Schmitt follows:]
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Acadenmic Ressarch snd Development-
How Can We Improve Ity CNJ:B:?

Roland W. Schmit
President, Rensselasr Polytechnic Ingtitute, Troy, NY

Testimony bafors the Subcommittse on Scisace of th
Comnudttes on Science, mmmogyo:m:
U8, Houss of
March 20, 1991

In reading the draft of the Office of Technology Assessment’s report on
"Fedsrally Funded Research: Decisions for a Decads”, I was struck by the many
similarities with & talk I gave on February 15, 1991 to » joint meeting of the
Councils of the Naticnal Academies of Science and Engineering and the Nati sl
Science Board st tas Beckman Contsr in Irvine, CA. A principsl difference is that
the CTA report sxumines the jssuss from the perspective of the faderal
government whereas I had Jooked from the perspective of academic institutic 1.
The frllowing testinony is based on that sarlisr talk because I believs it is relevant
to the issnes baing addressad by this committas today. Ihave added meterial
developed since mi3-February and hav- omitted a lot of coxaments about politizal
realities that I con'rayed to that sarlisr audience of scisntists and snginssrs.

Thare is a curions phenomenon occuring in the scademic resasrch
community today, & phenomenon that the OTA report alludes 1o but does not fully
address. Itis this: sfter a decads of soms of the best growth in support of
academic research that has sver bean sxperisnced, the discontent among
scadenic rasasrchere is at an all time high, For sxample, a recent rurvey’
reports that among young physics faculty there has been & dramatic drop fron:
83% in 1977 0 11% in 1860 in the fraction who belisve that ressarch funding is
adequate. This repart joins a rising tide of complaint about the plight of acade nic
ressarch in the U.S today, » tide that was dramstized by Leon Ledsrmans
surver? of the views of 250 acadamic rasearchers.

While I sculd not readily Snd data on physics alone, Figure 1 shows the
support trends per neademiz doctors] in the physieal sciances (mainly physics,

'Roman Crufo, Osnie: Kisppner and Stuant Rice, Bhvaica Taday. Fab, 1991, p.37
fson 14 Lodermsn, Sciance: Tha Eod of the Frantier?, A report 1 ing Boand of Dirsciors of tha
Amarican Association far the Agvanoemen of Science, Jan. 31, 1991,
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chemistry and asironomy) from 1973 through 1887. Tha curious fact is that ;'oung
phynics faculty felt best in 1977, after savarsl ysars of diminishing support ard falt
worst after the sustained growth in par capita support during the '80s.

Whatavar explanation cne wanta to offer for this phenomensa, it
dramatizas the fact that wa need 20 understand much better than wa do tods)
wha: is happening on the acadsmic research scone,

So 1at's Jook at the condition of academic ressarch today. 1Tl begin by
correeting, in part, the impression left by the AAAS report: academic resear:h is
nat cuite as bad off as implied. First, locking only st basic and applied reses:ch,
the report omits the development effbrt st academic inatitutions amounting t
$870M, or a little cver 8% of campus research expenditures in 1889, But, sven
more important, it omits the non-fadersl sources of support which wers 85.8B or
40% of the total in 1989,

Morsover, & Figure 8 shows (along the bottom row) during the 20-year
period, 1969 to 1989, faderal suppart grew more slowly than aay other source,
svsTeging 3.8% pe year compared to 15.1% from industrial sources and 11.4%-
from other sources. If you look at ihe two ten year periods, 1960 to 1979 and 187910
1989,youwlnnoﬁnthninﬂadandnﬂhomdu.thcmwthnmmm
Jower and the infistion rates higher than they wers in the sighties. So, again, the
alght:es, when discontent has besn growing on campuses, has been a decsde cf
considerabls real growth in the support of academic research!

But, we nesc. o examine support in constant , not cusrent dollars snd w,
thersiors, nesd a price deflator. The AAAS report weas the OMB R&D price
deflator. Ianﬁue:'iumo,izmnotdmummmpdudR&D
inputs, The GNP srice defiator is mors commenly vsed. They differ from one
another: during the two decados in question the ONB R&D index grew at
7.2%/vear whils the GNP indsx grew st only 8%/year. (The differences batween
the two defiators, again, ware larger in the 70's than the 80's. So growth during
the 80's is not very diffsrant, whishever deflasar in naad )

Wmmmwwmmwmmi
mwwmmwmdwmmmmwarMur
mmmmmmmmunwmmmam
AAAS report. Figure 3 shows a compasison of the two views. One yields an
increass of only 33% in conatant dollars, the other yields 101%, or double between
'69 and 88.

An item of considerabls interest is the rate at which institutions have bain
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increasing the use of their own funds for RAD. As Figure 4 shows, it has ban
much faster than the increases ia stats supported RAD svan though the latter has
received more public attantion. Considering the finandial problems that mary
Mmﬁmdwmmﬁmmmmﬁhﬁmhmo{mmuo{
the troubles of the research community.

Figure 5 s5:ws that the acadamic funding per doctoral locks very diffe.ent
whe vou look at total funding, using the GNP deflator, than whas looking af
foderal funding only, using the OMB R&D deflator.

Just to bs sure that there are no prominsnt ancmalous subsets of this data.
Figure § shows the sxpenditures per academic doctoral in several arsas, The per
capita amounts arw quite different but the patterns are all similar.

What conclusions can we draw from these dsta? First, whils the total
amount of monsy going into the academic research system is a constraint, thure
seams 1o be other problems ss wall Wa are back to per capita axpenditures nsar
thosa of the “golden era” of the late 60's but complaints are at & fever piteh. New, it
will be said that the per capita expenditures nead to be higher today beceuse of the
more sophisticated. more expensive squipment and faclities that ave nesded. 1
agres. But, while the higher capital intensity of ressarch today should imply
liglevs pos vapisa Gueia Ul LOS ANPUTE T0 PRSEANCD, it Sught also lead to higher
productivity and thus lower costs per unit of ressarch cutput and thess outputs
are hard to measure.

In any svant, if ons is to judge by the level of discentant, the stresses in t1e
scadenic ressarch system are high. If total money alons can't axplain this
phenomencn, what other factors might also be contributing? Maybe the system
has soms structura. problams that also peed sorrection. And, if there are
structaral problemg, how can we be sure that just pouring more money into thy
systom will solve tham?

Let's look at some of the changes within the academic ressarch system.
During tha last two decsdes, thare has been significant growth of this system. It
has coasisted of two expanding elamants: Arst, the number of (nstitutions
angaged in ressarch and sacond the relative amount of affort davotad to ressarch
over sducation and teaching. Let's look at each.

The academic research system has spread to a larger number of
institutions and federal Ainding has contributed to this spread. From the 71-73
period unti] the ‘37- 89 period, the number of acsdamic dapartinents recelving
federal research menay grew about 22% in engioy aring and almost 50% in the lifa




and physical scionces as Figure 7 shows. So. today. acadsmic research is th {ving
not just on the East Coast, the West Coast and a fow selected spots batween. Itis
also pursued on campuses in the Southeast, South, Southwest, Midwest,
Northwest and many more.

Meanwhile, the ressarch intennity on these campuses has grown. A lurger
and arger fraction of academic doctorals have bocems dadicated lo ressaren.
Figuse 8 illuatrates this shiR. The number of scademic doctorates in the natral
aciences and enginesring® with R&D as their primary activity has more thar
doubled in the last 18 ysars. Further, ssw doctorals going into acadamis bave:
inerensingly gone into RAD, not teaching positicns - especially in docteral
institutions. Morsover, among acadenmic doctorals primarily davoted to resesrch,
son-faculty smployess are growing the fastest. Thers is also 2 sat of S&E
acadimics who are approaching retirement in this decads who cams into the
systa:n during its peried of rapid growth; they have significantly occupied the
tenursd faculty positions in academic institutions, leaving only limited
opportunities for sntry into a normal academis carser by junior pecple. This, 100,
has uadoubtedly scatributed to the younger peoples’ movement into ressarch-
orientsd positions. Meanwhils, the faculty itself is aging, the sverage age hav ng
growr from 42 t0 47 in the last 18 ysam,

But, if & larger and larger fraction of scademic doctorals are sngaged in
research today, thea expenditures psr doctoral in total - the measure wa used
earlier - may not be the right measure. We nest to know the so-called "full tixe
mmm'mdhnumndmmmm&nmwmuw
varied over tima. Magbe this s what bas dateriorated. The data is a Little sparse,
mW‘NMM&ﬁmﬂMt&hﬂmmm
Centsrs (FFRDCa), scme applying with them. Figure 9 shows what is availsbl:.
Fraokly, it suprises me a bit becnuse I delisve it should have shown some deersase
1o ba consistent with the other data T've presentsd, data that I think is more
trustworthy. Naver:heleas, for completeness I ahow it with the cavest thatitisa
facet chat needs s Suaper look.

mm.:mwmmmammmmu
students, we find the changss ars a1l ronsistent with the inowcosing resss.cl
inmdtyofcampunn.mmm&mmedmmmdinm:ndthmhun

’mw:mmmeWawmwfmmmwmor *sciance and
Ngineding” excep! psychology and socisd



#rovn from ~4,300 in *73 to ~10,300 in ‘89, & growth of ~6% per year. Also, Figure
lommhwmmummmw Tha fastest
Srowing segment is Ressarch Assistants, where faderal support has contridt.ted
$0 the growth but not by any means caused it all. Teaching Assistants, almost
mmbﬁmddbynm-ﬂorﬂmhnmomhtnﬂumﬂﬁyu
Ressarch Assistarts. Meanwhile, Pallowships and Trainesships have
languished with fiderally supported ones having dropped by abous one-third.
Figu-e 11 further shows that the sumber of full time NSAE graduate studsnt,
mppxudbyﬂudmwmmm%wm.mmwmd':y
highur educational institutions own funds grew. Itis a trend that cannot
conti1ue, given the flacal constraints faced by those institutions today.

A final quastion that might be saked is whather or not a few people on aach
campus got & high proportion of the research monay while many others struggls
forit. This possibiiity was suggested to me by the Vice Prasident for Research at a
major research univarsity. Ihave not had tims to get data on any campus but my
own. Figure 13 illustrates that his svggestion may have marit, at least anougt to
invesrigate it furthar,

What do wa conclude from all of this data? Academic research has three
esdenial functiona:

*to contributs to knowledge of valus to our sedety,

*20 sducate sraduate studsnts via the composits system of

advanced, specialized courses and ressarch apprenticeships,

*10 snrich the sducation of undargraduate studsnts via

teaching by faculty in touch with advancing knowledge.

All of the trends we've noted indicate a significent shift to the first function and a
significaat growth in its size, aspecially during the last decads. Tha increass of
academic staff devoted to research, the increase of research assistantships wh cb
ars attached to specific research grants or contracts, the lag of the more fexibls
fellowships and trainseships which are more closaly linked to the sducational
functicn, the ineresse of teaching sssistantakips that generally relisve facuity ¢f
teaching burdans - are all consistent with this trend.

Moreovar, the trend is one that tendato reduce loca) flexibility. If the
distribation of research funds on each campus is highly skewad - as I've showy it
to be at Rensselaer nnd suspect it to be alsewhare - wa may have a fraction of ths
faculty on sach cam3us who are very well off mixed with many who are
struggling. And if vrtuslly all of the support is by targettad research grants,
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theru. {s little local flexibility to reallocate resources. whatever the marits.

Ons of the problems of supper: for young, beginning ressarchars today may
stam from this lmited Saxibility. Department hesds and deans used to be ahl: to
asaign trainges and soms fllows to young fasculty members to help them get
startad in their ressarch. In fact, today, becsuse of the lay in the number of #ach
MﬁmichnmmmumethwWMuuimp
with r. *arch, thus turning somse of these positions into a subsidy of research,
supp ~tet largely by the institutions thamsalves.

Ous of the lasues is whather or not the key criteria for federal support o)’
scademic rasearch shonld be “scisntific merit and mission relevance” as the JTA
mmnﬂwﬁ&m&wmm&ndmmmmﬁdmnam
that 1 stated above is, indesd, the correct one for emphasis. Or, sbould human
resou-ce development o strengthen future ressarch capability share equal status
a8 a foderal chjective. 1happan o think that it should, thus giving equal weight to
mmmmwwmwmmmumm It ia
mmwmmummmwmmmmmwm
nmnmthmtdpmmtorthnofmmmom. An atitucle of
'pmm‘.thldonhutmowm.haadwbmofmwhm
Qoxidility,

m&mnmtwdlyudﬁumucmadinmwmhd
mywmnmltnhﬁmﬂynmdmﬁnhmm As you
can te}, ] think the problems may be desper than that acd that the pressurs 10
mﬁnnmlvincﬂ:rthuinﬁomdhuﬂmwmthmmuu. 1t aay
be tims to pause and ask, is this tha best way to go?

Dummlhnmdoeadummﬂmluwuﬁunmamh-n
during the 70's. mummmmmmumm-m«m
mmwdmmvmwmmmmmma
when the change bas become favorabls. Meanwhils, though, scademic
mﬁmﬁmhubsdhmmmmudmmmwwmd
mwmummmv.mm»psmmmdw
own resources into §-. And strasses are appearing, today, in sll thres of those
quarte-s: acsdemic institutions, states, and industries.

8o, what do wa do about our condition? First, thare are ssvaral things tha:
we cant or shonldn't do. Lat ma list them,

sReduce the rumber and distribution of research universities and, like
Britain, try to conoentys:e n a relativaly few elite schocls. This won't work and
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can't be dons. It wwould be a political minefleld; first, because of continual
Congressional intarest - and, in NSF's cass, & statutory requirement - in pay:ng
attention to geographical distridbution. And second, betause we've now, quite
rightly, convinced many politicians that resesrch universitiss can contribuce
significantly $0 regional aconomic devalopment.

*Reduce the number of Ph.Ds awarded to U.S. citirens 50 as to reduce the
allegad "surplus” cf ressarchers. I fenr that this I3 the most likely outcoms of the
kind of campaign 1sunched the AAAS report. I would be bad & two reasons.
First. we will nsed an influx of naw, teaching faculty before the end of the decude,
And spcond, acadamic resaarch is not & surplus commodity. It still has muel,
untapped potantia’ for contributing 1o solutions of the nation’s and the world's
problems,

»Flace a tax on high-tech products as suggested by the AAAS report. This
would be a disastreus policy, a quick way to make the U.S, even less competitive in
world markets. For ')io cast saveral ysars a consortium of universitiss and
industries, CORETS 7 i1 - aas besn struggling to get the R&D tax credit made
parmanent - a5 8 means of stimulating industrisl R&D and industrial suppor of
scadomic R&D, The idea of taxing these goods instead of giving a tax incontiva to
the R&D babind them {s a sure prescription for further damage to U.S.
competitivaness.

There {s no single magic bullet or master plan that can solve our proble.ns.
Rather, thers are wany specific actions that need to be strengthened or initiated.
Thay fall into saveral groups that should be of intarest to this committes today:

*Mpaking betier use of pur present rescurces.

*Linking ressarch more strongly to sducation and human resource
development.

oDpvising innovative new initiatives to attract new resources.

Let's taks them ons by one.

My suggestions are not wholly original. I have borrowad liberally from
othars. aspecially from Frank Press, President of the National Academy of
Sciencss, from Robert White, President of tha National Academy of Engineeriny;
memwmmdcom,ammmumm-dmum
technology, which I chair,

Resources:

Wa noed to make better use of the resources that wa do get. Thare are
savera. dimensions o this. The first is a policy and program management issus.
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I said eaclier that we should not try to revarse the spresd of vessarch to more and
msTa campuses, A3 soms have implisd if oot suggested explicitly, But, that
doesn't mean that svery campus sspiring to eminence in research has to be
comprehensive in ita research. Wae ought to be encouraging different clustars of
rxcelionce at difforont eampuses. And we cau Ju Lhis if proposals were 10 be
judged not on intrinsic merit alone, but also on context - is the work linked or
synsrgistic to other work on the campus? Will it help to build a stesple of
sxcallance on the campua? It would be a policy conducive to a strong, dispersed
scademic rasearch aystem that yat had only a healthy degres of radundancy
across all institutions,

Another dimension of resource utilization is the local management of
resou-ces - and by -hat I mean squipmant, space, services, etc., as well as the
divect efforts of the ressarch team itself, Iam surs that on most campuses thare
ate great opportuntiss for more sharing of squipment, more affective utilizatin
of space and less srpensive ways of procuring nesded sexvices. For example,
whan granting morsy for new aquipment, agencies might ask what the plans are
for dowmstream use of the equipmant and for plans to share it. Addressing thise
issues wisely can halp individual researchers, yot there are virtually no forces in
the academis envirunment - short of crises -that motivate sither the
administration or the faculty to address tham. I believe that soms sort of task 5irce
to visit many campuses, to identify the best practices on any of these campuses
and to widely dissemioate this jaformation would ba valuahla.

In many instances, reorganization of scadsmic sducstion and research
could subatantially improve the use of resources and the cost of overhead. Frank
Press made this supgestion and pointed out that it might be particularly timaly
becsute & genaratioa of facnity is being replaced by & new one.

Bassarch & Fducation:

Turning now to the sscond group of sctions: linking ressarch more
strongly to sducation and human resource devalopment. Ons of the argumants of
the AAAS document is that the sustsre level of funding will discourage graduste
students from pursuing research careers in academia. Yet, irosically, as I've
pointed out, soms of our problama srise from the separation of an increasing
portion of academic ressarch from teaching.

Today, thers is a strong bias soward using non-faculty, doctoral research
people on ressarch grants rather than graduate students. Why? It produces
results more quickly, leading to more publications, earlier, and a better chance of
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, utting future renswals and new grants. The bias is against using research
grant monsy on graduate students, lat sions agains involving undsrgraduat:s,
This is a biss that could ba correctad by policies of the granting agencies - a abift
back to fallowshipt and trainssships, for axample. Or, changes like the recen:
NSF requirement to submit enly the tan top publications plus a st of graduat)
degrees produced Ly principal investigetcrs instead of the uaual list of dozsns or
sven hundreds of publicationa. The purpose of this change is to let reviewers 12
the sducstional as wall as resenrch output of the principal investigator.

CORETECH, tha lobbying consortium of industrial and academic
inatit ations, has acopted 8 platform ia support of the administration’s progran of
trainceships and fellowahips across all of the principal agenciss supporting
scademic research. In addition, it advocates the sstablishmant of a fallowshig
and traineeship program by each of the fadersl megescience and megatech
programs.

Thare are # 15t of othor poaico of Runding ageacive thal wwustliuie buth
implicit and sxplicit bisses against the educational function of research in
acadams; we should institute a study to identify all of them and then decide o0
approariate changes.

But most important of all is tha change in federal attitude and policies
toward the Aunding of research on campuses. Ths view that it is the procuremnt
of 8 ccmmodity, howsver meritorious, should bs abandoned and the buman
resource deviopment dimension should becoms prominant. This, sgein, wouk
support strengthentd programs of trainseships. Other ideas that would move us
in this direction are noted in the next section.

New Ideas:

We nesd somo new ideas. What we must do is to generate new ideas that
can be promulgated 2ffectively to OMB,to DOD, to NIH, etc. and that will be
persussivs, congressional committes by congressional committes in Congress.

At NSF, the invention of the interdisciplinary ressarch cantors, the
Enginsering Resear:h Conters and the Scienes and Technology Rasearch Canters
brought millions and millians of dollars into NSF budgets that would sot
otharwise be thare,

‘What are soms new ideas for the future? One is to provide the squivalent of
DOD's Indspendant R&D funds 1o scadumis institutions dning federal research »
funds squal to & sertsin percent of fadaral RAD contrsets and swards could be
used b the institutisn for unrelated programs - a stimulus for the exploration of
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asw Helds, Or, institutional grants linksd to broad goals - not specific research
aress - conld be awarded competitivaly, again permitting local flaxibility. Both of
thess approaches are directly in line with my plas for systems permitting grvater
local flaxibility and more devotad to human resource dsvelopmaent.

In the end, one must conclude that money alene in amounts much greator
than growth durirg the 50's may not sclve the problems of the academic ressarch
system. While I baligva it important to continue growth at the rates ofthe 80,1
also seligve that we need to make some structural changes in the way that growth
is us:d. As things stand, wa don't know that just pumping another $10B into the
system won't simply intensify the structural problams that have csused the
stresias and precipitate a call for another §10-15B incremant down the road.
Unfortunately, also, the genaral call Hr ancthar $10B doesn't give snyons, any
whors in positions of responsibility anything to do. It works wonderfully on it
hillbcards and mayquess and headlinea. It is appealing to the media. Even
though the value ol that appeal shouldn't be naglscted, the real, effective warfire
has to be fought elsewhers.

Sa what 3o we do? Thare have besn many talks, many naws articles, svin &
fsw studies, but no one has yet faced up to resxamining the system we have,
asking how it can be improved, and coming up with specific recommendation ),
agsncy by agency, songressional committss by congressional committes. Wa
should do 5o and the Office of Technology Assesmant’s raport is a good beginn ng.
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Tote! |Federal| Indus- | Other | BNP (MB

trisl Dsflator | Ds'lator

158.78| 6.0% | 8.4% | 12.3% |10.7%| 7.1% | 8.1%

179-'88 | 10.4% | 8.1% | 17.8% |12.09%| 8.0% §.5%

‘58-89 | 8.8% | 8.8% | 13.1% | 11.4% | B.0% 7.2%%
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Mr. Boucrer. Thank you, Dr. Schmitt. We'll withhold questions
until the other witnesses have presented their oral summaries.
Dr. Lederman, we'll be happy to hear from you.

STATEMENT OF DR. LEON LEDERMAN, PRESIDENT, AMERICAN
ASSOCIATION FOR ADVANCEMENT OF SCIENCE

T'll try to stick to the charge that we were given in this and con-
centrate really on the OTA report where I find, from my dominant
impression, one omission and two places where I thought the dis-
cussion was weak.

The omission has to do with evaluating the health of the re-
search system. In several places, we are reassured that “This struc-
ture has sustained the largest and most productive research capa-
bility in the world,” and yet a 1960s assessment of United States
leadership in autos, tires, steels, machine tools, consumer electron-
ics, and so on would have generated similarly encouraging bravos
but look where we are now.

In our research enterprise, there have been over the years—and
it's referenced in the OTA report—symptoms of trouble. ‘The fail-
ure to pay attention to those symptoms is, in my view, an omission
of the report.

The weaknesses are related to discussions of the scientific man-
power and to the understanding of the cost of research.

In my critique, I'd like to discuss research and education togeth-
er. Inc.uding education is important because the intimate connec-
tion between the two is useful as a metaphor or historical lesson
that this subcommittee might find interesting.

My mindset in discussing the OTA study is a rather long range
one as befits any discussion of research or education. Both enter-
prises, interwoven one into the other, involve complex infrastruc-
tures which have enormous inertia with respect to ¢ .

1 confess to a vision which is driven by what I think are logical
arguments to predict that by the end of the decade, there will be a
dramatic change in the level of federally- funded research and fed-
erally-funded science and math education. My prediction is ihat
whereas research science, as in the OTA graph, is now at .8 per-
cent of the Federal budget. I predict that sometime by the end of
this decade it will exceed 2 percent or 3 percent and be climbing
rapidly, I know this and I believe that many committee members
know this because it is becoming i i clear that we, as a
Nation, have been underinvesting in human resources—human re-
sources, the national stock of brains and brawn that will be needed
to maintain and enhance our economic vell-being address the sci-
ence and technology parts of environmental degradation, clean and
inexpensive energy, affordable hcalth care, unmet social needs and
our decaying cities and poor rural areas, and our responsibilities
collectively with cur industrial allies to address the so-called
north/south inequities and standard of living.

I maintain the stock of basic knowledge to carry out this
%ngd to simultaneously provide the ever-increasing level of

nt demanded by our citizens is insufficient in 1991.
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If you think this vision requires general removal hy white-coated
attendants, let’s recall that in 1983, the science/education budgets
were hovering at the few tens of millions of dollars. I think at one

int, almost zero. Today, the NSF alone is ing over $300 mil-

ion on science education, not to mention the large Ei ower Pro-
gram at the Department of Education. .

The confidence 1 have that the Federal Government will rear-
range its priorities in favor of nurturing the iuman resources does
not mean that we should be complacent. I confess to a complete un-
certainty as to how we from here, from our preoccupation with
intense short-term problems, the deficit, the recession, the savings
and loans, so-called limited resources, to the correct balance be-
tween operations and investment.

I worry if we don’t address the issue omitted from the OTA
report, we may find our science infrastructure going the way of our
educational infrastructure. Somehow while so many of us were con-
cerned about other things, our educational system began to crum-
ble and we became a Nation at risk.

There is a metaphor and a lesson. For almost a decade now, with
increasing investment, we are vainly trying to turn education
around, but so far it is not at all clear that things are really
moving. The only way to realize the President’s worthy but roman-
tic goal of being number one in math and science by the year 2000
is to find a way to sabotage the other nations.

The lesson is that these massive infrastructures are easy to de-
stroy and incredibly difficult to repair. The ptoms of trouble in
the research community are alarming enough to be given extreme-
ly serious attention like the canary in the mine. Signs indicete that

ere is a danger present.

I'm aware of the difficulties of obtaining a rational objective as-
sessment of the health of the scientific enterprise und I understand
why the OTA finessed this issue. On the other hand, it’s a compli-
cated problem but has to be done. Data on the state of unhappiness
of scientists is admittedly one subjective indication which convinces
me that there’s a problem but it may not convince the Congress.
There are other mechanisms, measurements of publications, cita-
tions, prizes, movement of scientists, the attraction to science of
students, economic activity of our high tech industries and doubt-
less many other indicators can be assembled and monitored.

I believe this needs to be done if we are not to find ourselves to-
tally unable to cope with the problems I listed earlier. Therefore, I
would urge the Subcommittee to ask the OTA staff to devise a
system for measurinsgh:nd monitoring this very elusive quantity.

Let me go to the shortages. OTA expressed skepticism about the
projections of hu&shormgee in Ph.D. scientists and engineers are

within early years of the next decade. The data come
irom demographics and from very modest projections of economic
growth with more or less the same level of science and technology
activity we have todagn

Reviewing this, I find the projected shormﬁe predictions fairly
g:rsuasive and the OTA rebuttal rather weak. I think that it's pru-
dent to take these projecﬁons seriously. Suppose, in fact, the p.o-
Jections are correct and even possibly underestimated because none
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dtheNSFmonsincludethemburdenonscieneemdmh-
that from a global economy and global obligations.

’,wedonotheareomplaintsthattherearetoomnnyteseh-

ers. Let's di youngmﬁ'omg\oingintowmng.Nor

will the question of too many tists or too many engineers ever

be raised in Japan, for example. Once we have a crisis, it will take

decades to restore the interest in science and engineering in the

igh schools and colleges.

ted that scientists are incorrigibly unhappy. It has never

ed over to the young, best entrants and to the graduate stu-

ts and this is w. t’sﬁnppeningnow.Onceﬂwwordgetsout,

thegimewiﬂbeemptyandweasaNaﬁonwﬂlbeatrisk.I

again the demographic problem, the pipeline issue, in-

cluding immigration flow, require a system of in place assessments

and monitoring. '

If in fect our science infrastructure is showing signs of crum-
bling, then the effort of many of us to bring minorities and women
into the science limited work force, which OTA rt strongly
favors, may be compared to the famous Pied Piper of in,

Finally, the cost of doing research—and here to sort of abbrevi-
ate my comments, I'd like to say that the OTA discussion, in my
view, just grazes the key point of what is called the complexity
factor. Let’s put aside the issues of the inflation and where we are
now compared to say the good old days.

Having solved the problem of the 1970s in any scientific disci-
pline such as properties of Type Il superconductors or the proper-
ties of quarks inside nuclear matter, one finds in 1980, a new level
of mhmtieat.ion and much more powerful apparatus is essential to
continue the research.

Because of the ever deeper level of subtlety that the problems
present us with which still have to be solved, advances in technolo-
gy and knowledge are enabling, yes, as the OTA pointed out, but
what is missing 18 a simple choice, either you increase your power
of observation with appar. us and people, or you quit because
you're incapable of Progress.

OTA’s emphasis on the competition factor enters in the sense
that if scientists are better supported elsewhere, the use of inad-
equate resources is even more pointless. I stress this because the
Congress should understand that science must in real costs
because of this complexity factor. The opening of new fields, which

comes upon us, is an additional to . 'The expansion
and number of scientists is grateﬁ;y in larger groups to
handle more complex a tus in develo the new fields and

e:wding the base of our system.
mesumm%ycomments.'l‘heorAmmisanemenent
be;gnning and cogently addresses numerous es— priorities,
data collection, accountability, criteria which must supplement sci-
entific merit and so on. The Congress and the Nation must look
beyond these to the issue of how much science and how many sci-
ol do 1 oo s, el Bl s e e

ences in the Congress, age e
universities themselves, and the concurrent inertia in our educa-
tional system must be taken into account in any long range policy
decisions.
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This leaves the questions of the health of science, how this influ-
ences the realistic mechanisms for assuring an adequate flow of sci-
ence literates, and the continuous efforts to understand the dynam-
ics of evolving research needs.

I see as a minimum full and continuous employment of the OTA

Thank you.

[The prepared statement of Dr. Lederman follows:]




Mr. Chairman,

Before I begin my remarks specific to the OTA report, I wish to emphasize
that I speak only for myself as & private ditizen, but as a private ditiven who has
spent 45 years in the business of doing sclence, of teaching sclence, of
administering a university laboratory of 200 people and managing the Fermi
National Accelerator Laboratory with 2000 pecple. Mare recently I am back in the
university, teaching undergraduate Hberal arts students, trying to do some
research with one post-doc and some summer undergraduates, and also trying to
do something about science and math education in the great urban center we call

Chicago.

The task OTA set out is of extreme importance to the nation: to outline the
Pprospects for scientific research in the next decade and to suggest Congressional
actions which would be designed to strengthen the Peders! sole in guiding,
susiaining and managing (In OTA words) the research system.

My critique of the excellent OTA report will concentrate on what I perceive
to be an amission and on two places where the discussion, in my view, is weak.
The omission has to do with svaluating the health of the research system. In
mm“mmﬁm wthis structure has sustained the largest and
mmmmmmwwm A 1960's assessment
of U.5. leadership in atutos, tires, steels, machine tools, consumer electronics, etc.
would have genersted similarly encouraging bravos. Yot there have been, over
the years and referenced in the OTA report, sympioms of trouble. The faflure to
pay attention to tihose symptoms is, in my view, an omission. The weaknesses
mﬁnﬂummammmwmm
costs of research.

WMMWMMMMJE;WAM
report 1 do not mean to criticize the entire report, which contains many valuable
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analyses and recommendations. The OTA staff has suffersd many "full and
mmmumwmwwmxm.
mxmmdmmmmmmwmmm

mmydﬁm!wﬁdmwmmwmw.
mmmuwm«mmmmu
mmam».mwwmmmmmy

find interesting.

The Health of American Resgarch

MynﬂndatlndhanﬂnstheorAmdyhamms-mgemu
mwmdmmﬂundlorednaﬁm Both enterprises, interwoven
mmmmm,mmmmmwmmum
inertia with respect to change. 1 confess to a vision driven by logical arguments
mevmummemmmﬂymmmamm.
mmmmmdmmmmmm
science and math education: xpmcmwmwmmammw
m;wm&wmmedS%mdbedmannpldlybymMmcn!
mwmxmmydmmmmmmu
ummmmmu.mmmmm
our human resources. This {s the national stock of brains and brawn that we will
m»mmmwmmmmmms&
Timmﬁaﬂmmmmmddmmw“gy,d
Mmaamofmmmmmmmmmm
mMmmmmpmmﬂmMMmeao
address the so-called North-South inequities in standard-of-living. The stock of
mm»mmmmmwwmm
everincreasing level of fulfiliment demanded by our citizens is obviously
insufficient in 1991.

lfyouthhkthhvﬂoamukunyguﬂcmovﬂbqumud
mmmmMMhm&lmmmm
mn.mwam:tdonmmwmmmnmm
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mmmmmm»mmmmnm
Derartment of Education.

The confidence I have that the Federal government will rearrange ite
priosities in favor of nurturing its human resources does not mean that -9
should be complacent. 1 confess to complete tncertainty as to how to ge? _.om
here—from our preoccupation with intense short-term problems such as the
recession, the deficit, the S & Ls—to there, the right balance between “operations™
and “investment.”

J worry that if we don't address the issue omitted from the OTA report, we
may find our science infrastructure going the way of our educational
infragtructure. Somehow, while s0 many of ns were concerned about other
things, our educational system began to crumble and we became a nation at risk,
Here is the metaphor and the lesson. For almost a decads now, with increasing
investment, we are vainly trying to turn things around but, so far, it is not at all
clear things are really moving. The only way to realize the President's worthy but
romantic goal of being Number 1 by the year 2000 is to find a way to sabotage the
other nations! The lesson is that these massive infrastructures are easy to destroy
and incredibly difficul? to repair. And the symptomy of trouble in the research
community are alarming enough to be given extremely serious attention. Like
the canary in the mine, there is danger present. Now I am aware of the difficulty.
of obtaining a rational, objective assessment of the health of our sclentific
research enterprise. I fully understand why OTA fingssed this issue by the
sengible preamble: “OTA finds that under almost any plausible scenario for the
level of research funding in the 1990%, there are issues of planning, management,
and progress towands national goals to address” (Page 10). Data on the state of
unhappiness of sclentists is one subjective indication which convinces me that
there is a problem with the health of science but, quite understandably, may not
convince the Congress. Measurements of publications, citations, prizes,
movement of sclentists, the attraction 10 sclence of students and doubllessly many
other fndicators can be amembled and monitored. I believe this needs o be done
if we are not to find ourselves inexplicably unable to cope with the probiems I
havs listed sarfier. rmum-upmmwukmomm

hmb&hamhmmm&mymm
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.

" OTA expresses skepticlsm about the projoction of huge shortages in Fh.D.
muhwmumwmumymdmm
decade.

wmmdmmammmaumm
WMMWMWdWMMW
whhmkﬂdﬂmmﬂMnﬁvﬂymmw. OTA
mmmummmmmn&mm
mmmmuwm»mmwm
mmmmmmmmmm
students into PA.D.'s, "OTA believes there are initistives that maintain the
Mmdm&wmbmmdwmmm
researchers..” (page 34). 1 have a lot of trovble understanding this. Good students
wmmthvmsﬂ?mdmnbwkhmtmmmmqwmh
able to engage in the research they want to do. A pipeline that then conducts
MwMMMWhNMMMMMM»u
will be a much diminished pipeline. Then there are the other skepics out there
whohﬂumnhndymmmymwﬂ\uwhnhwhm
control 50 that fawer sclentists will be better supported. This Is again a cruclal
fssue that we must all understand better.

Butw&yﬂecﬂmsmcmm&.mmﬂywmmd.
mammmmmmmmmmm
that follow from owr global economy and our global obligations) Today, we do
not hear the complaint that "...there are {00 many teachers, let's discourage young
people from going into teaching.” Nor would the question of "too many
sclentiss” or “too many engineers” ever be raised in Japan, for aample. Once we
Bave a crisis, it will take decades to restore the interest in sclence and engineering
in the high schools and colleges.

Given that scientists are incosrigibly unhappy, it has never before, In my
mspmdmbmehmmmmdbmmm
and this is what Is happening now. Once the word gets out, the pipeline will
empty (market forces) and we, a3 & nation, will be at risk. 1 think here again, the
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demographic problem, the pipeling fssue, the immigration flow require a system
in-place of sisgssment and monitoring. -

" 3£, in fact, our science infrastructure is showing signs of crumbling, then the
efforts of many of us to bring mincrities and women into the sclence-literats
work foroe (which OTA strongly favors) may be compared to the Pled Piper of

Hese it would be useful to redo the OTA figures on the history of funding,
using deflators that are more appropriate to the S & T enterprise, developed by
OMB and published in Sclence and Engineering Indicators. I have appended 2
mwmxmmanommx-s,mdmmmmsmm
deflator. Although the differences seem small, they go a long way foward
explaining why so many of our scence policy leadars (Bromley, Bloch, Press...) say
ws are underinvesting. For example, OTA says "From 1969 to 1990, Federal
funding for research at universities and colleges grew from over $4 billion to
aearly $8 billion (in constant 1990 dollars)” (page 8).

»4y graph and my quote would read: From 1968 to 1990, the growth has
been from $6.9 billion to $8.0 billion. This inflation difference is merely "market
basket” and salary increases as experienced by institutions which buy electronics
and hire sclentists and engineers rather than the average "CPT" fype of inflation.

OTA (page 20) points cut that "..advances in technology and knowiedge
are ‘enabling’; they allow deeper probing of more complex problems. This is an
intrinsic challenge of research.” OTA then discusses the rols of competition in
driving up the cost of restarch.

This discussion, in my visw, misses the key point about what is often
called the “complaxity” factor. Having solved the "}970° problems in any
scientific discipiing, such ss the propesties of Type 1I superconductors or the
eoperties of the quarks inside nuciesr matter, one finds, in 3960, that a new level
of sophistication and & musch more powesful appamtus is sswmtial.to continue
the research—in thase two cases, for instance, & more infenee dis Jaser or & more
powesful pasticle accelerstor. The driving force for the incresse In costs {8 the
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deeper Jevel of subtisty of the problams still to be solved. Advances in technology
and knowledge are "snadling” yes, but what is missing:is the choloe-either you
increase your power of cbservation (with apparatus and people) or you quit
because you are incapable of making progress. OTA'S competition factor enters in
the sense that if sciontists are better supported elsewhere, the use of inadequate
resources is move pointless. I stress this because the Congress should understand
that science must grow in real costs becsuse of this factor. The opening of new
flelds is additional pressure to grow. The expansion of the number of sclentists is
gratefully absorbed in larger groups to handle the more complex apparatus, in
devaloping the new fields, and in expanding the geographic base of our research
system. These pressures and cost increases are difficult to quantify but the
experien-e of the past 20 years (1968-1988) indicates a growth pressure of
somethiny ‘ke 8% per year. If wo believe this, we can understand the decline in
our capability to do sclentific research in the universities now as compared o the
Iate 1960’s. The real increases are at the 35% level, the needs more like 300-400%!

Let me summarize my comments. The OTA report is an excellent
beginning and cogently addresses numerous issues: priorities, data collection,
accountability, criteria which must supplement sclentific merit, etc. The Congress
and the nation must look beyond these o the issues of "how much science?” and
“how many sclentists?” does the nation need, realizing that the structural inertla
in sclence (residing in the Congress, in the funding agencies, in the research
universities) and the concurrent inertia in our educstional system must be taken
into account in any long-range policy decisions. This leads to questions of the
he Ith of science, how this influences the realistic mechanisms for assuring an
adequate flow of sclence literates, and continuous efforts to understand the
dynamics of evolving research needs. I see, as a minimum, full and caniinuous

employment of OTA staff.
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A BRIEF FOR FERMILAB

Leons M. Ladssoun
March 13, 1991

Fermilab is now the highest energy accelerator in the world
and it will remain at this frontier until the supercolliders, the S5C in
Tmmdmeumhm%mw,mmmwby
about the year 2000. Since machines traditionally take
several years to begin to useful data, the hegemony of
Fermilab will extend well into the next century.

The 25 year history of Fermilab is characterized by exuberance
and success. mﬁmmﬁeum-wmmthemugy
specified in the design with twice the number of beam lines, on
schedule and at a cost of $10M less than appropriated.

The second phase yielded the successful operation of the
400 Bilion-vohe o 900 Hillonewchi. whle oA, o
to

400 -volts while red energy
consumption from 60 megawatis to less than 20 MW. phase
saw the initiation of proton colliding beams and the

operation of the F' particle detector, probably the most
suphisticated system of accelerator and detector art ever achieved.

Some 1400 ‘;xdpeﬂmmtm from 100 US. universities and
laboratories institutions in 17 foreign countries have chosen

mmmmmm,mmam

of the collision rates in to exploit the Laboratory’s

Progres o e dcmandin f i of Gl g
our nature

e.g. the top quark) as well as the need to solidify the

base. It i3 reasonable to expect that the sclentific results,

technological advances and the of the Fermiiab users will

all be crucial to the suecessful of the §SC.

The third phase-has the concomitant goal of providing the

hban:gwﬂhm facility for addressing crucial issues in
B 86C knd LG o parents ey oolr which wil pas

51

©

ERIC

Aruitoxt provided by Eic:



17

3
provide unequalled collision rates for the Fermilab collider, will also
provide beams of superb for addressing two general
‘of are very unlikely to be addressed

enable studies enigma symmetiry-violating
(addressed by as the dem
lwddahmﬁedmﬂn\um than is now The
other facility Is super intense beams of neutsinos to both the

of the behavior of neutrinos from the sun and
the nature of the gravitational "dark matter” that permeates the
universe.

Thus, one can easily foreses, a fifteen year period of leadexship
and puod:gvuyfwa umm that h&adﬂevedca;
scientific technological record. history of machines is
ﬂﬂeta with which could well provide Fermilab with
ditional missions.

The advances to which Fermilab contributes is part of the
investment in basic research, the human knowledge resource from
which, if history is any guide, the nation will draw upon for decades
to come. Fermilab's technology in such diverse areas as
supercond systems, medical accelerators and instrumentation
has already back a significant part of the investment made here
by the Federal Government. The Lab~~atory has adwvanced its
science while, at the same time, setting ne  tandards in its attentior,
to educational outreach, to ecological cuncerns with its created

wetlands and massive restoration, to unique medical
to its world architecture and its concern for the
of science with the visual and arts. Surely this

unique institution is a place of pride for the nation.
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Mr. BoucHer. Thank you, Dr. Lederman.
Dr. Roy?

STATEMENT OF DR. RUSTUM ROY, EVAN PUGH PROFESSOR OF
THE SOLID STATE, PENNSYLVANIA STATE UNIVERSITY

Dr. Roy. Mr. Chairman, first, as a working scientist, I write pro-
1 wrote about 85 of them last year and I hustle bucks from
all kinds of people.

J come here though as a citizen, not as a scientist. I'm concerned
about the health of federally funded reseerch, not about whether 1
can make a buck easier.

I want to reall&:ommend OTA for the usual solid work which
they've done in this report. I mean, they always do it right. The
trouble is they've got to take a politic attitude. You saw in the an-
swers to your question that they hae to hedge their statements.
Well, witnesses don't have to heze their statements.

Let we start with the first very good thing they did. On the issue
number three, education and human resources, they really did a

id job. I think they've put to rest this nonsense about short-
ages. You can’t talk about the shortage until you know the demand
side. There is an oversupply of scientists today. You can get a post-
doc for $25,000 anytime you want them, gross oversupply.

Furthermore, ir research has been supplemented by the
Americau Association for ineering Societies, the National Re-
searck. Council, and the NAE ident, all of them support the po-
gition—no shortage, no likely shortage—we’ve got the mechanisms
to take care of it.

However, in science education, what OTA failed to do was to
peint to Congress’ own priorities. The Kennedy-Hatfield Resolution
says, first priority, making a technically literate citizenry; second
priority, increasing more scientists and better ones. I believe that if
you're serious about your priorities—and I believe that is the secret
of education for the minorities, the women, the whcle resource
pile—is technological literacy, Mr. Chairman, you won’t get any
action unless you put it in the language of the bill. If it says 50
percent of the money has got to go for the technological literacy,
you'll get it; ctherwise, you won’t.

Now I want to talk sbout the issues that OTA did not address. In
your letter, you asked us to comment on whetaer the report pro-
vides 8 comprehensive discussion of the full range of issues. It
didn’t, and I thinkmm reason. They were not given that big a

perhape. I think the worse thing is that the context of re-
was 1gnorod.

There is no such thing as research in academia. It is a system:
science, technolzgy. society. I want them to put that thing up be-
cause I want to show you competition, Mr. Chairman. We don'’t live
in a simple world. I'll show you the Prime Minister ofJapansittm‘g"
next to his ad- ‘sor'y group, the science technology agency, to whic
I am an advisor now and then, and see what they say.

They say the following “First, we must look at the har-
mony between science, technology and mankind and m.” If
%%t; don’t look at that system, it simply won't work. I Mr.

hlert was asking that same question, Mr. Packard was asking

53:
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that question. We've th to take a look at the whole system. That's

one thing they missed, a ms look.

Seg:? one they mime??:e that vur th on science policy for
40 years has been wrong. If you say science feads to applied science
leads to technology, I've got a lot of bri to sell you. If people
still believe that stuff, the white coats should take them out. It
doesn’t. It's technology that leads to science. It drives the system. It
gives us the economic base on which it will go.

Again, I think that in your litile overheads I handed you, this
{ogemme;tgée asked the CRS tg do a study tif the relationship beltav:leen

prizewinning and p. rity. It was an inverse relation-
ship. I'm a scientist. I gelieve in gata, and I think it's very interest-
ing to see that no scientist refers to the data when they try to con-
nect science, abstract science, to winning prosperity.

Mr. Boucner. Dr. Roy, I'm goirg to interrupt you for just a
second and advise some of the folks sitting at the table just over
here that there’s a screen about to come down and they might
" . Rov T though I'd litt] Th

- Rov. I thought I'd inject a little competition again. There is
the Prime Minister of Japan again facing us and you notice that in
this report which is February 1991, no later than that, no earlier
than that, it says, “Our two geals’’'—and I ggint specifically to the
two goals— “achieve harmony, science, technology and society,” if
they are not embedded in each other, and the second one, “improve

e efficiency of intellectual production activities.”

Our godforsaken system is so inefficient in the universities that
what Dr. Schmitt said, I associate myself with his remarks. We've
got a lot of room for improving our efficiencies.

Now, 1 want to go back to what else they missed. First one, no
one reads the literature. We had a meeting in Arizona last month
on looking at the different national systems. Everyone agreed, no
United States scientists anymore—not no—but most-people don’t
refer to the literature.

Mr. Boucuer. Dr. Roy, is that the entire use of the screen that
you'll need?

Dr. Roy. Well, since we've gone through some of them, that’s the
use of the screen. Thank you Mr. Chairman. 1 was going to go
through them all. You know scientists always use overheads.

You could again improve the efficiency, Mr. Chairman, with one
sentence. You can do more today by saying in the agfropriations
bill: “To assure that any recipient of Federal grants files a record
of their having thoroughly read the literature, that's all, upon pen-
altigf revocation of grant.” Nobody is reading it. The biggest mine
of knowledge is not with the sophisticated instruments; it's with
simple instruments. It’s the stuff which really makes the world go
around. It has got to be brought to human scule. If you don’t read
the literature, you're missing it. Why don’t you force us to read the
li‘terature The science community won’t do it without your fc -ing
i

The second one is what has been referred to, the pro peer
review system, as tho God sent this damned thing with
Moses. He didn't, you know—or she didn’t. The fact is that we've
got many systems—the ONR system. Weinberg gm an over-

ead system to free the Nation’s scientists from big brother. I pro-
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posed detailed systems. The OTA didn’t even comment on new op-

tions for ing. I think they should have.
The second they failed to do is to give you a handle be-
tween two kinds of science. “28 science”, science for and

“38 science”, science for self and the institution of science. re
both good things, but one is a consumption good, the second one 88
science, and the first one is an investment good. 88 science returns
zero; ] mean mathematical zero, to the nation that provides the
money. Of course it provides it for everybody, not that it does
either good, but it doesn’t connect with the particular nation that
supplies the money. Those 38 sciences should be justified as a vehi-
cle for education or as a cultural activity. It should not become an
entitlement.
I'm afraid that the national science community somehow thinks
if you've got a Ph.D., you should send me money from Washington.
I think that's got to be stopped quickly. Otherwise we'll be eaten
up by that monster.
The OTA report also says our biggest failure is not to refer to the
stateofindusfﬁalreeearcﬁMr.Chairman,lamcryinghecausethe
test institutions of American research are being shut down.
ot one university is hurting that way, but Bell Labs, GE where
this gentleman ran that lab. That was the greatest materials lab in
the world, Bell Labs is the greatest research institution in the
world. You'd better be concerned about that, not about universities.
They can look after themselves. They are not doing too badly,
thank you.
The fact is that we are not paying attention to the place where
research counts, in long-term research in industry. Shmehow we've
got to get it there in some new system, maybe even divert it if nec-
essary, if push comes to shove, from universities to industry.
What are my suggestions? Limit growth of 83 and S2 to COLA,
cost of living; require agencies to make more efficient distribution
:ﬁ:tams; defer things like the supercollider for 10 years; and charge
OTA to come up with three alternatives uses for the same

money.
What Mr. Boehlert was asking about, I tell my students in sci-
ence policy, never compare something with nothing. Give us three
ons and have a peer review, Mr. Chairman. The scientist is
ways crying about peer review. The total National Academy
shonﬁbethe rs. Ask what IRI did, ask the total Academies to
rank them, w! ofﬁmethreeorfonropﬁonswouldyom
your’nmmey for tht;1 health m Naﬁa.nd its m;xlxdanee
you'll come up with a very way of getting some gui .
[The prepared statement of Dr. Roy follows:]
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FERSPECTIVE OF THE WITNESS

Mr. Chairman,

1 am honored to be invited to testify before this Committee which in my view
has a better grasp on the key issues of U.S. policy in S/T and R/D matters than any
other.

{ am an atypical witness at such hearings because I remain a working scientist
{the 9 a.m.~11 p.m. type) who writes proposals, gets support from six different
agencies and twenty companies, visits Washington twice a month, and rides herd
on a research group. At the same time | also do science policy analysis and give
advice at the state, federal and international level. I lecture regularly in some the
worlds best labs and have specialized in Japanese R&D, since in so many fields it is
they who now do and they who will increasingly determine the future of the
world's science and technology.

I am also atypical in that, my own field is interdisciplinary materials research—
which happens to be the cynosure of R&D planners today. “Materials” is the kind
of REAL scdence which 90% of the citizens think of when they hear the word
“science,” and they even got a reasonably accurately picture when it is described. 1t
shares this with other REAL sciences—agriculture, earth, health, engineering—
which humans can touch and feel. All citizens are deeply interested in, aware of,
and can relate to these REAL sciences. Indeed, most R&D especially the more
esoteric science is sold to the public by making connections, however flimsy to the
results and products of these REAL sciences. These applied sciences are directly
connectable to human scale and human concerns.

REAL sciences can be contrasted to typical ABSTRACT sciences—physics,
chemistry, biology—which by a most unfortunate set of circumstances after WWil
became equated to “science.” Especially and almost uniqualy in the U.S. (within the
developed world) R&D policymaking has long been dominated by members of the
abstract science commuprity, who are technically the least qualified to do so.

The consequences of this highly selective application of the word science are a
gross distortion of national perspective. While the value and significance to the
economy, health, welfare of the country is dominated by the REAL sciences the R &
D policy is dominated by abstract science. To take an analogy, from the nation's
"sports-economy”: these applied sciences represent the major sports: baseball,
football, basketball, etc.. On that scale some abstract sclences such as particle physics
and radio astronomy would lie somewhere between tiddlywinks and Chinese
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checkers in their contribution to the nation's well-being. Yet the policy apparatus
has been diverted to concern about the U.S. tiddlywinks capacity.

Itis the applied or real scdences which connect the world of federally funded
research to the national economy to the environmental concerns of the citizens, and
their myriad of health issues. My comments on the OTA report are made from this
perspective of the feal science community.

Summary Comments on OTA Document

I start by noting that the document is characterized by a thoroughness and
attention o detail that has characterized OTA from the beginning. It is very reliable
in what it says. My comments, as will be seen, are not criticisms of what is there, but
a look at what is not there.

Mr. Chairman, your letter of invitation asks the witnesses to “comment on
whether the report provides a comprehensive discussion of the full range of issues
which require public policy attention in the coming decade” 1 take that as my first
point of departure.

I come before you as a citizen of this nation concerned about the totality of its
well-being—not as a scientist pleading a case for my community. I think you should
be, as I am, more concerns . about the health and welfare of 200 hospital workers in
Philipsburg, PA, who have just lost their jobs, or the electronics plant in Buffalo,
NY, where the production has been movad to Mexico, than about the marginally
increased difficulty of getting research funds for young or old faculty. No one
promised me or each of today's new Ph.D.’s a rose garden or a permanent federal
entitlement.

The OTA report in substantial part focusses only on the academic
community—which in my view is the segment of th: national research community
least important to the nation’s well-being. All this may sound a little heretical to
many scientists, and perhaps to many of the members. I mean quite literally
“heretical.” Because, as I said in a sermon in one of Washington's most prominent
churches a month ago, “Science has become America’s thealogy, technology its
religion.” That is very dangerous both to science and to the nation. Hence if
someone, especially a prominent scientist tries to demystify science, take some of the
hoopla and buncombe out of it, if he argues the case with data that academic science
is neither particularly significant in *he totality of our national life, listeners are
shocked. When he claims, again showing data, that for the next decade or two most
scientific advances will result in further economic setbacks to the U.S. economy, the
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listeners react as if one were blaspheming. Ideveloped that case before this
committee in the last Congress: it was picked up nationally because it was so new as
an idea. The origin of this is that over the last decades some parts of the science
community have seduced the powerful elite—including members of Congress—by
offering magic to heal the nation's problems. And it has cowed the non-scientific
intelligentia into silence by its use of equations and technical jargon, into not
challenging the argument.

Do ] exaggerate? Is this mere rhetoric? You decide. Here is an excerpt from the
pen of the editor of Science, the flagship journal of American science.

A Department of Science could be useful if it is devoted to untidiness
and evangelism. It could serve as a catalytic force for increasing
scientific research and generating scientific approaches in all phases of
our society and our governmental structures. It could send out its
missionaries to bring the gospel of basic research to the heathen i~ the
outer darkness. Science 227 (8 February 1985).

My first point then is that the report, as well done as it is, stays wholly within
the frame of reference of the academic science commu ity. In other words, the
report starts and ends within the traditional rategories, language and methodologies
of the R&D policy analysis of the sixties and seventies in the period of U.S.
technological hegemony. The authors seem to be unaware—as is the vast majority
of the U.S. citizenry and its science community—that the sun has set on that
empire.

Mr. Chairman, in your letter to your fellow members you indicate that
witnesses will be asked if the report “covers all of the subjects which should be
given attention to in the public policy arena.” It is that request which I address first.

The document simply does not think BIG enough, or BOLDLY enough. Just let
me compare the fone of the document to a similar document which arrived from
Japan this week. The Sclence and Technology Agency of Japan publishes a
newsletter. Prime Minister Kaifu's Council for Science and Technology on
January 22, 1991 used very different language in tackling R&D policy for the decade.

They write, “Recently problems ave arisen that are difficult to selve by
traditional approaches. These include (a) achieving harmony between science and
sechnology end mankind and society, and(b} improving the efficiency of intellectual
production activities.” (a and b added.)

The context of research in the OTA study is confined to “research,” not even

development or technology, not the econonty, and soclety is totally ignored.
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Harmony, synergism within the team is not even mentioned. This is absurd. The
Japanese have taken to heart (as they did with Deming's advice 40 years ago) what
many of us American professors have been saying to them: “science can only be
healthy in a healthy technology which in tum must fit comfortably into a healthy
society.”

The Bible says “This ye should have done ... but not neglected the other also.”
The solid, analytical work on R&D policy is all there in the OTA report, but the new
ideas being discussed among the nation’s leading S&T participant managers are
significantly absent.

Mr. Chairman, the Chair of the whole SRT Committee, the Honorable George
Brown, in the commentary appended to my book with Deborah Shapley (Lost at the
Erontier, p- 171) makes the point that the OTA report ignored. He quoted from
Vannevar Bush's Science: The Endless Frontier, what most scientists conveniently
omit: “It (science) can be effective in the national welfare only as 8 member of a
team.”

Let me reinforce the absolutely vital point about the fact that science is only one
member of a team by a very accurate football analogy—which befits sonwone who
has spent 45 years at a great football school.

Science is like the quarterback on a football squad. By itself the QB cannot win
football games, although he often gets the credit for the team's wins. But a team
with one {or even two excellent backup) quarterback is totally ineffective if there are
no good blockers, no pass receivers, no running backs. And a coach, having a losing
season with such a team, who comes to the boss and asks for yet another quarterback
would surely be laughed out of office. The OTA report has focussed on the best part
of the American team, its basic science, the QB, when all his best passes are being
intercepted by Japanese and German backs and run in for touchdowns, while the
team's losses got worse every year.

I will take a3 my contribution to this debate the pointing up of some of these
key areas where totally new critiques and new approaches are called upon in the
federal funding of research, not in isolatio: but as a member of the national US.
team for research recelving national funding.

- 30
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SUGGESTIONS FOR IMPROVEMENT

1. The Demise of Economically Useful Research

I was astonished to find almost no mention of the dire straits of the U.S.
industrial sclentific/ technological enterprise in a report on U.S. research.

In case Congress does not know it, the OTA should surely tell it that by far the
mmmmbymmmmﬂwmmy.
jobs, etc., is the ong-term research in industry which is pulled by and linked to

new/improved product develcpment. The important fact the Congress must know
isthauhismostimpmtammeamh!sdeadordmmmbnumudmus.

companies. 1 must as a witness tell you that to hear from “experts” (who have not
been inside the laboratories of the major Japanese corporations in the last year or
two) about the health of U.S. research is to court disaster. This is no longer the
sixties and seventies. The easy job of playing against no competition is over. It is
nowampeﬂﬁveworldofﬂoul&ere,mdhpmtenddmtwemisome
~academic research” in national policy matters is ludicrous. 1and a half dozen
friends who are V.P.'s or senior managers of major U.S. companies occasionally
meet around the breakfast table at the Tokyo Palace Hotel every few months and
weepnwehnveseen,overmelutﬁveyminftmtofmreyes,inhbvisitsm
Japanese companies, the disappearance of the U.S. ~nationally useful” research
capabiiity, and the amazing ascendancy of its Japanese counterpart. All this while
academic research received an additional 30-50% (depending on detalls) over the
decade 1978-88.

The Congresg must surely be made fully aware that what we are doing in
research today, the sum total of the U.S. system: universities + government +
industry, is not working any more to help the economy or create stable basic sector
jobs or keep us competitive in major industrial sectors.

2. The Negative Economic Value of Some Basic Research

The OTA omits a second key axiom beyond any dispute regarding the value of
“basic research.” This is that “basic research alone, especially in the abstract sciences
has gbsolutely no economic value fo the nation paying for it-” (This excepts the very
important but incidental function of training students.)

In 1985, Mr. G. A. Keyworth, Science Advisar to the President, made the
following statement—the absurdity of which is self-evident on reading it: "Basic
research leads inevitably to technology and thence to prosperity” (Physics Today,

]
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1985). Of course, the exact opposite is true. Technology, as the great historian of
science, de Solla Price of Yale observed, leads to science in most cases. Yet no
committee of the National Academy pointed out the absurdity of such a statement,
or had Mr. Keyworth {ssue a “misspeaking” demurrer. Let us look at sc ne data,

The Congress commissioned the C. R. 5. to do a study to show the connection
between basic research and domestic “prosperity.” The amazing result is shown
below. Nobel prizes are one—albeit rather poor—index of basic research prowess.
What the C. R S. report shows beyond any shadow nf doubt is that the better a
nation is at winning Nobe! prizes in physics and chemistry, the poorer its economic
performance. If one of the justifications for academic research is winning
international science prizes, surely it is essential to deal with such data.

No one has challenged the C. R. S. report. When I presented it before Japan's
International Technology Forum it immediately became the subject of discussion,
And within six months senior Japanese policymakers were not only showing it but
building further on the ides. I commend it to the members of the Congress as the
central graph to keep before its eyes whenever it is tempted to fund research like the
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supercollider and space astronomy to win Nobel prizes. Along with each such prize,
another factory will probably disappesr in your district.

Two Kinds of Science. Avoiding the Linguistic Trap

In recent presentations I believe I have found a way for nontechnical
policymakers in the Administration or in Congress to avoid the trap of appearing to
be against “sclence.” It is quite effective and accurate to separate two kinds of
science: 25 science” or *3S science.” 25 stands for Science for Society. The kind of
science—however long term—which is done to meet a need of the public or private
sector. 35 stands for Science for Self and the institution of Sclence. This is the
science which each practitioner does for self-gratification, chasing curiosity, os
because she or he thinks it may advance the tiny part of the gclence world or
discipline in which be or she works. It has no identifiable value to the culture or
the nation. The argument that from this kind of research comes the great miracles
of science, transistors, new medicines, strong materials, is not backed by any
historian. Of course such knowledge is usad to make certain technologies work, but
if it wasn't one kind it would be another. Even more relevant here is the fact tnat
even if someone did combine such an idea with a dozen other necessary ingredients
of capital, labor, infrastructure, it could be any nation in the world that got the
benefit-—not the one that did the research. Such is the nature of 35 sclence: a

consumption good, not an investment good. I propose to the Congress that they
clearly separate 35 science from 25 science when debating funding of research.

Alternative Mechanisms for Funding 3S (and 25) Research

One of the most obvious failures of the U.S. academic researc’. system s the
incredible waste of human talent in getting the money to the sclentists. The CTA
report failed to get across to Congress the magnitude of this problem.

The horror stories of the number of proposals received in response to a DOD,
DOE or NSF proposal were insufficiently analyzed. The “success rates” on occasion
approach 1 in 50, even 1 in 100 in some cases. That means that the total national
effort by scientists wasted in writing the 49 or 99 or 9 unsuccessful proposals is often
worth more than the total national expenditure for some years. No sane country
can waste 30-40 percent of its best brains on writing essays and complain about a
shortage of funds.

1 respectfully call the Congress' attention to the second goal of the ST Agency in
Japan: “improving the efficiency of intellectual production activities.”
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I am certain we can improve the effidency of our system by a third in 3 years.
That means that without adding ane dollar to academic research we could get a 3%
increase in “intellectual production” by devising new funding mechanisms. The
Japanese captured the automobile industry because they increased the efficiency (in
miles per gallon) of their cars. Does it not strike the Congress as totally incongruous
that the entire S&T establishment has not made a single proposal to get rid of the
~gas guzzier” funding systemn we have while they come to Congress yearly for more
money. The report is therefore to be faulted in not analyzing the many alternatives
which are available or have been proposed in more or less detailed form. I mention
only three:

1. Convert to a DOD, strong manager systeny;

2. Elaborate on Dr. Alvin Weinberg's (founding Director of Oak Ridge)
proposal to fund 3S science strictly as overhead on 25 science;

3. Work out my own much more explicit and detailed model for funding based
on a peer review of performance “formula.” Any agency could try an experiment
with this formula in one division in one year. My formula has three great
advantages: (a) It recognizes the reality of the multiple purposes of funding scence;
{b) it provides much greater continuity, and a maximum geographical distribution,
both of which will add to efficlency; and (c) Congress can “fine tune” it, intelligently,
annually to respond to changing national needs.

Peer Review of Inter-Field Punding

It is astonishing that the science community which claims that it lives by peer
review has not asked that the total allocation of resources among fields be peer-
reviewed by the total science community or their representatives. Alvin Weinberg,
again, in a separate paper 25 years ago, pointed out that the most significant review
of any field would come from sclentists on the periphery of the field. It would, I
believe, be ghsolutely essential data for Congress to commission a study which
would give them the peer-reviews by the national community of scientists of the
present allocation of funds among fislds. This could be done by asking a national
sample; or a sample of the National Academies’ members, or whatever, to rate or
review the present allocation: (2) among fields; () between Big Science and Little
Science. This shonld be followed by paralle! intrafield surveys: Thus surely the
physics community as a set of peers should voice their opinion on what percentages
of the funds should go to particle physics (including the SSC), solid state physics,
atomic physics, etc. The Sigma Xi survey is a beginning in this direction which
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showed that only 2% of scientists would give priority to the SSC. If peer review is 50
significant in science, why I3 it not being applied here?

In fact, of course, the peer review system, as Deborah Shapley and I pointed out
years ago, as practiced, bears no resemblance to a “jury of one's peers” in the halls of
justice. In science we pointed out, "an axe murderer” would insist on a jury of only
axe murderers to judge her or him. It is time for a change.

Thus a national peer review of the present allocation among fields would be an
invaluable guideline for Congress,

SPECIFIC OVERVIEWS OF STUDY

My overall impression of what s contained in the study is one of solid
achievement. The facts marshalled and presented, the organization around four
key themes, the even-handed treatment of divergent policy viewpoints are all
exemplary.

[ want specifically to call attention to and commend the OTA authors for:

(a) Avoiding the “basic-applied™ trap.

(b Calling attention to the real, albeit mechanical, need for a system of data
collection which will make national planning very much more reliable,
but not politically easier. iy

{0) Tackling their issue #3, “education and human resources,” and coming
down forcefully on the side of those that believe that there is certainly no
shortage now. Moreover, since it is impossible to attempt a responsible
projection of the demand even 5-10 years out cries of shortfall are
meaningless. Even more reassuring to the Congress is the analysis that
shows that the nation has several mechanisms to cope with developing
needs.

1 would add to their references on p. 33, 34, two references which dearly make
the case that not only is there no shortage of engineers (AAES, Engineering
Manpower Bulletin #105, 1991), there may indeed be far too many scientists (R-M.
White, Presidential address, NAE, Oct. 2, 1990).

Indeed here again the document could have added some marketplace data. 1f
in the U.S. we believe in the marketplace test, how is it that no data were cited to
show that postdocs in most science fields are »vailable with 2 years of experience at 2
salary of about $25,000. To cry shortage in the light of :hat situation and an
impending economic downturn, and increasing competition from Japanese and

10

jdoj
91



9

Cerman establishments, is absurd. The OTA document is appropriately politic: but
it could have compared the braindrain scenario which exists in England today,
when that country is paying to tr<in Ph.D.’s which promptly leave for many other
countries in the world.

In the section on Research and Education in flux, the report correctly points to
the thinking of our best minds in the field such as Emest Boyer and the Carnegie
Foundation report. But it fails in two respects. First, it does not squarely lay the
blame for the sorry state of science education on the academic research
establishment. which through its official proxy—the National Science Board—
presided over the emasculation of the education directorate of the NSF from 30-40%
of the total in the late fifties, to 2% in the early eighties. “Repentance” of earlier
mistakes is the pre-condition for healthy living. Is there ~3y evidence that the
research science community has repented of its outrageous neglect of science
education?

Secondly, the report fails to make recommendations whereby the Congress
could legislate to attain the goals such as those outlined by Boyer.

Boyer's repoit advocates, for example, much greater emphasis on
interdisciplinarity and applications {of science). The Kennedy-Hatfield resolution
last year itself calls for “scientific and tex)nical literacy” as the Congress’ first goal for
science education. Every member knows that these sentiments must be
incorporated into the language of appropriation bills if they are to be effective. The
academic research establishment has totally failed to INSTITUTIONALIZE
interdisciplinarity on its campuses, technological literacy takes a backseat to making
more and better scientists. But with a stroke of the pen Congress can achieve the
goals, by, e.g. having NSF. NIH earmarking money only for institutions that have
installew. permanent interdisciplin.. +» structures. Especially as the conclusion is
confirmed that there iv no impending shortage of scientists and engineers, surely as
the Kennedy-Hatfield resoiution suggests, language such as tha' which “Project
50:90” advocates propose, would be appropriate. That “50% of all NSF and DOEd
funds be spent for technological literacy of 90% of the citizens who will not be
scientists, but Congresspersons, CEO's, Presidents, iabor leaders and voters.”

11
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Vita of Witness

Rustum Roy is Evan Pugh Professor of the Solid State, Professor of
Geochemistry and Professor of Science, Technology and Society at The Pennsylvania
State University.

Professor Roy is one of the nation's leading materials scientists specializing in
synthesis of new ceramic materials. He has published 500 papers and 5 books and
received many awards. He is a member of the U.S. National Academy of
Engineering, a foreign member of the Royal Swedish Academy of Engineering
Sciences and the Indian National Science Academy.

Professor Roy’s specialties include science policy, science education and the
science-religion interface. He has been involved in science policy making and
analysis for two decades at the State, Federal and international levels, and in the
private sectcr as first chair of the National Council of Churches Committee on
Science, Technology and the Church. He has written major books and dozens of
articles in these fields and delivered the prestigious Hibbert Lectures in theology in
London.

For the last decade he has become a national spokesperson fer the cause of a
radical redirection of math and science education towards the goal of the
technological literacy of the maijority of citizens, instead of making more or better
“scientists.”
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OTA REPORT

ESPECIALLY VALUABLE WAS THE TREATMENT OF
THEIR ISSUE #3, “EDUCATION AND HUMAN RESOURCES”

NO SHORTAGE OF SCIENTISTS NOW — DATA SHOW TOO MANY NOW AND NO BIRTH
CONTROL.

* N.R.C., AAES, NAE STATEMENTS CONFIRM O TA VIEW.
NO WAY TO PREDICT DEMAND.

U.S. HAS MANY MECHANISMS TO ACCOMMODATE FLUCTUATIONS.

¥6

CONGRESSIONALLY MANDATED INCREASES IN SCIENCE EDUCATION, BE DEVOTED

TO EXPLICIT CONGRESSIONAL GOALS OF KENNEDY-HATFIELD RESOLUTION,

PROPORTIONATELY AIMED AT TECHNOLOGICAL LITERACY FOR ALL CITIZENS.

CONGRESS MUST USE EXPLICIT LANGUAGE IN LEGISLATION:

E.G. PROJECT 50:%0. “50% OF THE BUDGET FOR 90% OF THE PEOPLE” (VIA APPROACHES SUCH AS
99 PROJECT 2061. STS PROGRAMS DEALING WITH NUCLEAR WASTE, GENETIC ENGINEERS, JOB LOSS,

ETC. ISSUE ORIENTED MUSEUM PROGRAMS; NEW APPLIED SCIENCES IN K-12, TO RECAPTURE 1 0 O
VOCATIONAL AND INDUSTRIAL ARTS STREAMS, ETC.).

OTHERWISE SCIENCE EDUCATION PROGRAMS FOCUS ON MAKING MORE SCIENTISTS.




OTA REPORT

MAJOR OMISSIONS

1. DIRE STRAITS OF THE MOST IMPORTANT COMPONENT OF U.S. RESEARCH —

LONG-TERM RESEARCH IN INDUSTRY.

g6

2. ABSOLUTE NEED TO DIVERT FUNDS (IF NEED BE) NOT ONLY TO CIVILIAN

INDUSTRY-SUPPORTING RESEARCH.

AND IF PUSH COMES TO SHOVE, FROM UNIVERSITIES TO INDUSTRY.
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OTA REPORT

FAILED TO THINK BIG
ADDRESS GLOBAL ISSUES

THE CONTEXT OF “RESEARCH” WAS IGNORED. SCIENCE MUST FIT WITHIN
TECHNOLOGY, WHICH IN TURN MUST FIT WITHIN SOCIETY [CF. JAPANESE P.M.'s
STA COMMITTEE, FEB. 1991,

THAT U.S. POLICY FOR 40 YEARS HAS BEEN BASED ON A TOTALLY ERRONEOUS -4
HYPOTHESIS. SCIENCE ~— APPLIED SCIENCE — TECHNOLOGY.

“SCIENCE LEADS INEVITABLY TO INNOVATIVE TECHNOLOGY AND THUS TO

PROSPERITY” (KEYWORTH, 1985).

» EVERY HISTORIAN KNOWS IT IS EXACTLY OPPOSITE!

* COMPARE JAPAN AND ENGLAND AND THEIR SCIENCE VS. THEIR TECHNOLOGY.
'"NUFF SAID.

NO REFERENCETO C. R. S. 1986 STUDY CONCLUSIVELY SHOWING NEGATIVE 104
CORRELATION BETWEEN WINNING NOBEL PRIZES AND GROWTH OF GDP.



OTA REPORT
FAILED TO POINT OUT THE HORRENDOQUS INEFFICIENCIES OF PRESENT SYSTEM

1. NOONEIN U.S. READS THE LITERATURE (NOT TRUE IN JAPAN OR USSR).
RESULTS IN HUGE WASTE, AND IN MISLEADING AGENCIES. CONGRESS COULD
EASILY PUT LANGUAGE IN APPROPRIATION BILLS TO REQUIRE AGENCIES
“TO ASSURE THAT ANY RECIPIENT OF FEDERAL GRANTS FILE RECORD O* THEIR
HAVING THOROUGH!.Y READ THE LITERATURE UNDER PENALTY OF RE\"; “"ATION OF
GRANT.”

2. NO CRITIQUE OF PROPOSAL REVIEWING SYSTEM. UNBELIEVABLE.
* WASTES 35+% OF TOTAL TIME OF MOST VALUABLE SCIENTISTS.
* MUCH MORE EFFICIENT SYSTEMS MUST BE EXPERIMENTED WITHIN THIS DECADE
« DOD — STRONG MANAGERS

» WEINBERG — OVERHEAD
» ROY — PEER-REVIEWED PER."ORMANCE 106




OTA REPORT
FAILED TO FIND USEFUL CATEGORIES OF SCIENCE W.R.T. VALUE TO PUBLIC

25 SCIENCE:  SCIENCE FOR SOCIETY. SCIENCE SERVES PUBLIC AND PRIVATE SECTOR.
SUPPORTED FOR NATIONAL OBJECTIVES BY ALL AGENCIES.

3S SCIENCE:  SCIENCE FOR SELF AND INSTITUTION OF SCIENCE.
RETURNS ZERO TO THE NATION WHICH PROVIDES FUNDS.

EVERY NATION CAN, DOES AND WILL ALWAYS USE 3S SCIENCE FROM
WHEREVER IT IS AVAILABLE.

3S SCIENCE CAN BE JUSTIFIED + PARTLY AS VEHICLE FOR EDUCATION
* CULTURAL ACTIVITY AT MODEST LEVEL

ENTITLEMENT AND WELFARE ATT1 ;UDE ON PART OF SCIENCE 105
7107 COMMUNITY MUST BE ELIMINATED.




INNOVATIVE DECISIONS FOR A DECADE

LIMIT GROWTH OF 3S SCIENCE TO COLA.

REQUIRE AGENCIES TO DEVELOP MORE “EFFICIENT” $
DISTRIBUTION SYSTEM. REMOVING THE BIG BROTHER
CONSTRAINTS ON RESEARCH DIRECTIONS OF INDIVIDUAL
SCIENTISTS.

DEFER SS_ FOR TEN YEARS WHILE INTERNATIONAL
COLLABORATION IS WORKED OUT.

CHARGE OTA TO COME UP WITH 3 ALTERNATIVE USES FOR
SAME FUNDS FOR SCIENCE.

USE SAVINGS TO RADICALLY CHANNEL NEW SCIENTISTS AND
TEACHING.
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Mr. Boucser. Thank you, Dr. Roy.
Dr. Lauffenburger, we'll be happy to hear from you, sir.

STATEMSENT OF DR. DOUGLAS A. LAUFFENBURGER, ALUMNI
PROFESSOR OF CHEMICAL ENGINEERING, UNIVERSITY OF IL.
LINOIS

Dr. LAUFFENBURGER. Mr. Chairman, my comments are really just
those of a foot soldier in the trenches, though 1 may be the monster
to which the previous speaker referred. We’ll find out, I suppose.
What I will present is not a brief for the health of American scien-
tists but for the health of American science and engineering re-
search and education.

It's not really stress on a faculty member that’s the problem, but
just that we must now spend so much time obtaining funds that it’s
difficult to do the job we’re really supposed to be doing, that of
teaching and of education, so it’s not the stress, it's the effects of
that stress on doing our job.

A number of trends have converged to lead to this current situa-
tion in which researchers perceive the system to be primarily
driven by funding pressures. There is greater demand on faculty
members to generate funding revenue than ever before, while at
the same time the ratio of available funding to the amount sought
is decreasing.

I see three main reasons for this. First and foremost, the range
of potentially valuable research project directions is expanding rap-
idly because new ideas and technology increase vision and capabili-
ties nentially. The number of well- educated investigators in-

in pursuing these directions with the appropriate methods
and tools is increasing co ndingly.

Second, an increasing number of universities are asking for sub-
stantial research efforts from their teaching faculty. Third, histori-
cally research-based universities are requiring increased contribu-
goelgs from t;'aculty toward salary coverage and other expenses from

ir grants.

All of these factors are working together so that the role of facul-
ty members is now considered by many universities to be as fund-
raisers as well as scholars and teachers. In tenure and hiring deci-
sions, the guestion: can he or she raise substantial levels of fundin
18 a very important factor. This is ha% strongly detrimental ef-
fects on the scientific community by i the research
portfolio and by disco: ing present and future participants.

There:earch lio is di rtedtow:;daconservativebentb&
cause when only a small percentage grant proposals can
fundedasfro)ects' &x;egriously demonstrated to be productive are
much safer bets those in which hypotheses and approaches
are innovative but or}sgearche : .

i ment rs is especially tragic at the present
moment for two reasons. First, so many scientific fields are now of-
fering dramatic advances promising revolutions in technology with
great economic benefit; and second, just when the need for greater
participation by underrepresented demograrhic groups is being rec-
ogmmsa and encouragad? the insecurity of an mic research
career makes it 8 poor choice compared to most other professions.
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Regarding the ific issues discussed in the report, my chief
criticiam is that a’g interplay between research and education,
which is vital, is underemphasized in exploring the issues. This
criticism will be fleshed ~ut in my brief comments to come.

Issue one, setting prioni.ies. I agree with the report's assessment
that no matter what the level of absolute funding, priorities must
be established. There is no question that megaprojects must be sub-
,ject to crosscutting Prionty~ setting. These along with large

‘center” or “program’ projects play a quite different, and, I be-
lieve, subordinate role in addressing the Nation’s needs compared
with small team or individual investigator projects. The latter con-
tribute much more significantly to education and to unexpected sci-
entific breakthrough even while the former may help solve specifi-
cally targeted tasks in the short term.

e fewer the ideas being suﬁgorted, the greater the chance for
scientific stagnation. It would extremely unfortunate if scien-
tists receive the message that the most successful way to gain re-
search support is to emphasize icipation in megapro or
large centers. Macro-level policy decisions should be made regard-
ing the amount of investment for large scale research quite sepa-
rate from the foundaiional need to support small scale research in
a way which does not compromise the future.

Issue two, understanding research expenditures. Just cne small
remark here that I'd like to make which concerns the possible
trend mentioned for academic research to move toward an industri-
al model where project teams are larger and more specialized and
responsibilities are more distinct.

I would submit that this industrial model has not served as the
basis for the historical technological superiority of the United
States. It is therefore extremely interesting to learn from this
report that the overall costs of such a model are in fact greater
than for the more traditional investigator or small team model be-
cause the educational benefits from the larger teams are also gen-
erzally inferior.

Issue three, adapting education and human resources. I strongly
believe that the key to education is research done with an educa-
tional emphasis. Knowledge is taught best when the student sees
how new owledie is created. Any weakening of this connection is
primarily due to the growth of centers and large research teams in
which education is not a major focus.

Increased support for individual investigator and small team re-
search will go a long way toward strengthening that connection
atng generating more excitement about science among undergradu-
ates.

Interdisciplinary research does not require centers or
teams. Indeed, to the extent that these promote intragroup speciali-
zation, they can actually be counterproductive to a good interdisci-
plinary educational experience.

I would strongly disco increased emphasis on centers and
large teams as a favored mode] for academic research.

Issue four, refining data collection and analysis. Measurement of
research ¢ ‘tcomes is difficult from a management point of view.
Attempts to put it on a seemingly quantitative basis such as biblio-
metrics as mentioned in the report, are fraught with danger. Cita-
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tion indices, for example, only measure a snapshot of current

thought regarding a scientific topic but are of little value in pro-

jficting what will truly show up as a valuable contribution in the
ture.

Policy options. Significant improvement in the academic research
environment is necessary to prevent the discouragement of a gen-
eration of scientists and the technological base for the United
States that they would develop. For the sake of both education and
scientific progress, priority-setting policy must favor increased sup-
pnool':l l?r the individual investigator and small team laboratory
models.

This concludes a brief summary of my written testimony, Mr.
Chairman.

[The prepared statement of Dr. Lauffenburger follows:]
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COMMENTS ON OTA REPORT
“FEDERALLY FUNDED RESEARCH: DECISIONS FOR A DECADE"

Dougias A. Lauffenburger
Alumni Professor of Chemical Engineering
University of Iinols a1 Urbana-Champaign

1 have been asked 10 comment on three major aspects of the OTA Repont, “Federatly
Funded Rescarch: Decisions for a8 Decade”. Thesc are: (1) whether the repont provides a
comprehensive discussic'. of the full range of issues which require public policy attention in the
coming decade, and which issues are most important; (2) trends which have led 1o current stresses
in the academic research system; and, (3) the policy options developed in the repont.

My comments arc not intended to be those of a spokesperson for the scientific
community, but rather of merely & footsoldier in the tenches of academic research. Nonetheless, 1
will not present a brief for t*¢ health of American scientists, but instead for the health of American
science and engineering facreafier simply referred 10 as science) research and education. ] will
stan by describing the trends which 1 believe had contributed to the current stresses in the scademic
rescarch environment, then follow up on the issues requiring public policy antention and finally the
policy options.

Treads Contribuwsing to Currens Stresses

A number of trends have converged during the past decade 10 lead 10 the current
situation in academia, in which researchers perceive the system to now be primarily driven by
funding pressures. There is greater demand on faculty members to generate funding revenue than
ever before while at the same time the ratio of available funding 1o the amount sought is decreasing.
Not sll of the trends leading 1o this situation are necessarily negative, in fact some are highly
positive, but the resulting situation is undeniably detrimental to the health of scientific research now
and for the future,

1. Above all, the range of potentially valuable research project directions is expanding
rapidly, because new ideas and technology increase vision and capabilities exponentially. The
number of well-educated investigators interested in pursuing these directions, with the appropriate
melhods and tools, is increasing correspondingly.

2.  Anincreasing number of universities are asking for substantial research efforts from
their teaching faculty. Universitics’ motivation may arise from a number of driving forces,
including a desire for higher caliber of faculty (becsuse most PhD graduaies wish to have a
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research component fo their academic career), increasing competition for undergraduate students
(with a research experience providing an added artraction 1o the normal educationa! experience),
and, possibly, a need for alternative revenue sources (other than niition, endowment giving, and
taxation).

3. Historically rescarch-based universities are requiring increased coatributions toward
salary coverage and other expenscs from faculty grants, perhaps because of a need for ahemative
FEVENUC SOUTTES.

All of these factors are working rogether so that the situation now exists in which the
role of faculty members is considered by many universities 1o be as fundraisers as well as scholars
and teachz,s. In both tenure end hiring decisions, the question: "Can he or she raise substantial
levels of funding?” is an important factor. There seems to be slmost as much emphssis on the
“input” ;0 research (that is, funding) as on the “output” {(new knowledge and educated students).
This is mos1 cenainly having detrimental effects on the scientific community, dy both distosting the
research portfolio and by discouraging present and future participants. The research pontfolio is
distorted toward a conservative bent because, when only a small perceniage of grant proposals can
be funded. projects previously demonstrated to be productive are much safer bets than those in
which hypotheses and approaches are innovative but risky. Discouragement is manifest and casy
1o document in faculty colicagues leaving scademis and students declining 1o enter. This is
especially tmagic at the present moment for two reasons: first, so many scientific fields are now
offering dramatic advances, promising revolutions in rechnology with great economic benefit, and,
second, just when the need for gree.cr panicipation by underrepresented demographic groups is
being recognized and encourage i, the memendous insecurity of an academic research career makes
it & poor choice compared to m ost other professions.

Issues Discussed in OTA Repors

Given this background, | am reasonsbly satisfied with the issues raised in the repon,
though not with all the solutions offered. Table 1-1 in particular is extremely helpiul in outlining
the confiicts to be resolved in policy making. My chief criticism is that the interplay between
research and education, which is vital, is underemphasized in exploring alternative sides of the
issues. This criticism will be fleshed out in my specific comments which follow.

Issue 1 - Sening Prioritics: ¥ agree with the report’'s assessment that, no matter what the Jevel
of absolute funding, priovities must be cstablished. There is no question that "megaprojects” must
be subject to cross-cutting priority-sesting. These, along with large "center” or "program” projects,
play a quite different -- and 1 believe subardinate -- role in addressing the nation's necds compared
with small-team or individual-investigator projects. The latter contribute much more significantly
1o education and 1o unexpected scicntific breakthroughs, even while the former may help solve
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specifically-targeted 1asks in the short term.  The fewer the ideas being supported, the greaier the
chance for scientific stagnation. Macro-level policy decisions should be made regarding the
amount of investment desired for large-scale ("targeted”™) research, followed by similar decisions
choosing among candidates, quite separate from the foundationa! need to supporn small-scale
("educational”) research in 8 way which does not compromise the future. Figure 1-7 is very
instructive in demonstrating how megaprojects can indeed erode the fundamental scientific research
base, but it does not go far enough in charting the similar effects of centers and program projects.
It would be extremely unforninate and counterproductive if scientists receive the message that the
most successful way to gain research support, in these times of great pressure 1o do so, is to
cmphasize participation in megaprojects or large centers. How to involve scientists effectively in
cross-disciplinary priority-seiting is a crucial issue, unresolved in this report. Scientists are tramned
not 10 be consensus seekers and not 10 exmrapolate their judgments beyond their areas of expentise.
One possible approach would be to assemble an overlapping group of distinctly interdisplinary
scientists on technical sdvisory panels for cross-cutting decision making. However, it would be
dangerous {o provide too much "top down”, macro-level targeting of small-team and
inuvidual-investigator programs.

Issue 2 - Understanding Rescarch Expenditures: Most aspects of this issue are addressed
very well in the report. One remark wonth making concerns the mention of a possible trend of
academic rescarch toward an "industrial model”, where project teams are larger and responsibilities
are more distinct within the group. 1 would submit that this "industrial model” has not served as
the basis for the historical technological superiority of the U.S. It is therefore extremely interesting
1o learn fram this report that overall costs of such a model are greater than for the more traditional
individual-investigator or small-team - ~del, because the educarional benefits from the larger teams
arc also generally inferior. In sum, there appears to be little reason to encourage such a8 mode! for
academic research,

comains some shghtly musmded notions. There are really no compellmg arguments for targeting
center-type funds to "have-not™ institutions. "Pork-barrel” research funding should be avoided
completely. 1t is quite difficult to build “centers of excellence” in an isolated fashion, especially in
the modern multidisciplinary scientific environment. ‘The best way to drive diffusion of funding 1o
"have-not” universities is to increase the percentage of individual-investigator or smali-team grants
funded. I also disagree that the connection berween research progress and cultivation of human
resources is necessarily growing more tenuous. 1 strongly believe that the key to education is
research -- done with an educational emphasis. Knowledge is taught best when the student sees
how new knowledge is creaied. Any weakening of this connection is primarily due to the growth
of "centers” and large rescarch tcams in which education is not a major focus. Increased suppon
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for individual-investigator and small-team research will go a long way toward strengthening that
connection, and gencrating more excitement about science among undergraduates.  Further,
interdisciplinary research does not require centers or large teams; indeed, o the extent that these
promoie intragroup specialization, they are aciually counterproductive to an imerdisciphinary
research education experience. 1 would strongly discourage increased emphasis on centers and
large teams as a favored model for academic research. Finally, the chief barnier to greater
panticipation by tmaditionally underrepresented groups in research is the necd for improved
educational opportunities at the K- 12 educational level. Agencics responsibic for funding scienrific
research will do best to focus on scientific merit as the decision criterion. As I stated earlier, the
best way to attract minoritics into the scientific community is 1o alleviate a1 least some of the
remendous insecurity they sec in it compared 1o alternative career possibilities, so that they can
more casily see the exciting benefits of intellectual challenge and role-model servic

bl UMLE

view. Atempis to put it on a seemungly objective basis, such as "bibliometrics”, is fraught with
danger. Citation indices measure s snapshof of current dogma regarding a scientific topic, but are
of lintle value in projecting what will truly show up as a valuable contribution in the future. They
cannot anticipate new breakthroughs, nor the slow incubation of a significant innovative approach
The importance of many ideas is not immedisiely recognized upon publication. 1believe 1t is the
case that many Nobel laurcates cannot be found near the top of citation index rankings, Peer
revicw remains the most reliable form of current evaluation, although only hindsight is ouly 20-20
It 15 also doubtful that substantial funds will be best spent on increased agene Mlection end
analysis.

Policy Oprions

My comments bere are shory and simple. Sigmficant improvement in the acadere
research environmen is necessary o prevent the discouragement of a generation of scientists -- the
current young faculty and the potential young faculty who are currently students -- and the
technological base for the United States that they would develop. For the sake of both education
and scientific progress, priority-seiting policy must favor increased support for the
individual-investigator and small-team laboratory models. The genius of American science has
never been & sesult of "top down” idea management promoting a few favored propositions, but
sather has derived from encoumagement of creative individuals free to pursue innovative ideas in the
scientific marketplace.
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Mr. Boucugr. Thank you very much and the Chair extends
thanks to all of the panel members for their attendance this morn-
in%oand sharing their ideas with us.

be?n a series of questions, we, | think now, are very much
aware of the fact based on the OTA report, but also on other infor-
mation that is currently available, that many projects today that
are submitted to funding agencies for funding are not being funded
because of the very large number of meritorious projects being sub-
mitted, and that while we do have more funds available today for
these projects, that's enough to fund even those that truly have
merit.

So the result is that many truly meritorious projects are in fact
not being funded today That being the case, I wonder if there are
other qualities that we should look to in addition to scientific merit
to give us a guide for making decisions among those projects that
do have merit and pass that basic test.

For example, I think Dr. Lauffenburger, you had suggested that
the educational value that comes from having the project funded
should be considered. Are there other factors that we ought to be
looking at? Should we look at building geographic stre in con-
ducting basic research? Should we be looking at building institu-
tional strength among universities that perhaps have not partici-
pated as fully in the process in the past? Are these values that
ought to be taken into account as well?

Dr. Lauffenburger, you had mentioned his point in your testimo-
ny, so let’s begin with you.

Dr. LAUFFENBURGER. Yes, in my written testimony ] address this
briefly. What I attempted to say was that 1 believe geographic di-
versity and these other criteria are important but the way to go
about them is to not target, focus large center type funds because
that’s very difficult to sort of unilaterally impose a center of excel-
}e&cﬁ in & place without all sorts of supporting departments and so

orth.

1 still believe the best way to get a stronger distribution away
from very small, focused, perhaps over-represented areas is just by
increasing the number, the actual percentage of individual investi-
gator proj that can be funded because in fact that will allow
more of them to be distributed other places around the country, so
1 believe that’s the most effective way to do it.

Mr. BoucHer. All right. Dr. Roy?

Dr. Rov. I'm afraid you fall for the scientists’ line that there are
more meritorious ‘gx;oject.s out there. Forget it. Most of that stuff is
junk. The fact is that the new citation studies are saying that a lot
of the stuff is never referred to, so say there is a lot of meritorious

rojects out there, I challenge that assertion. There is no basis in
act. It's simply somebody wrote a damned fool essay and you're
supposed to say that's a meritorious project? No evidence it's a
more meritorious project.

1 support Dr. Lautfenburger’s position on the uestion of educa-
tion li . That is an absolute gain and I think the best way to
do it is to what the Ministry of Education does in gggm. Dr.
Schmitt referred to NDEA projects in the 1950s and 1 where
we could give fellowships and assistantships directly to students.
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That's the way portable traveling assistantships so that can educa-
tion and can be linked.

The second thing which I think we need is to really pay atten-
tion to the economic consequences. You asked for the second crite-
ria. 1 would you jolly well link it to a regional economic devel-
opment. The States are where the action is. It's no longer at the

ederal level, but at the State level if somebody can link to a State
gerogmm for economic development, that graduate program should

sup%%rhed. )

Mr. Boucuer. So you're saying there may be some difference of
opinion as to whether there are in fact meritorious projects not
being funded?

Dr. Roy. Absolutely.

Mr. BoucHgr. Do you agree that we ought to add as criteria for
project selection building educational components and the value
that is attached to that and also economic development and region-
a! development »f institutions?

Dr. Roy. But you ought to ask for a criterion which is so simple,
Mr. Chairman. Every proposal now we send to six agencies, and
they say there is a tremendous proposal pressure out there! Non- -
sense. Every paper is repeated six times. That doesn’t mean there
is good out there. You've got to be very careful in saying, who
said there is a meritorious project out there.

" Mr. Boucner. Thank you for your thought-provoking contribu-
on.

Dr. Schmitt?

Dr. ScamMrrr. 1 perhaps don’t go quite as far as Dr. Roy in some
of his statements but 1 just want to point out there is a difference
between a large fraction of proposals that don’t get funded and the
number of investigators that don’t get funded. A piece of data we
really don’t have well in hand now is how many of the people out
there submitting proposals that don’t get funded are getting money
from other areas?

This brings me back to another thing. If you look at the data, Dr.
Roy mentioned that State support has been growing. Interesting
enough, institutions own support, the academic institutions own
support has been growing much more rapidly than State support in
spite of the publicity that State support n getting.

In fact, that may be one of the reasons for some of the stresses
out there. I can te fvou that institutions of higher education today
are facing some fairly stringent financial challenges and yet, their
own investment of their own resources into funding has been grow-

m\g can give you an example of that. My own institution, I now
know what those costs are. We perform about $48 million worth of
research per year; we receive about $41 million to do that research.
We are putting §7 million of our own money which comes from en-
dowment and gift income into the subsidy of the research we do on
campus. Islﬁctthat’strueonmanyothercamumandin
today’s economic climate, it presents some problems of its own.

Mr. BoucHzr. Dr. Lederman?

Dr. LeprrMAaN. I think the question you addressed is of scientific
merit and I think the OTA—I didn’t have too much problem with
their way of doing it. They say scientific merit has to be the first
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criterion but there are other things you want to accomplish which
is the preparation of future resources. | think the ic distri-
bution is a refined thing because there are all sorts of talent out
there that you begin to discover if you have local institutions which
are and research centers around the country. Sb there is a
very good benefit to thut.

Other preparations for the future like giving recognition to mi-
norities, bringing women in as part of the research program are all
beneficial. I thought the OTA discussion there was balanced and
correct, but you have to remember that if you are su%porting sci-
ence, you've got to watch the merit of the science and not water
down that quality too much because then it's a balarce between
the quality of the science and the preparation of the future. That’s
why science and education are so fightly bound.

Mr. BoucHer. One of the trends that we are witnessing now is
increased industrial support for university-based research. Is that a
healthy trend? Are there mblems associated with that? Are we
schieving about the right balance do you think, between Federal
fundin?g, the university s own funding and funding from the private
sector’

Dr. Scrmirr. Well, yes, I can speak to that from both sides of
that equation. I'd have to tell you it’s some of the practices I had
that I'm unhappy with today, so I wish I could have anticipated
where 1 was going to be when I was establishing some of the poli-
cies.

Levity aside, I think the industrial support of academic research
is a very healthy , provided it is done in the right way. 1 do
not believe it is healthy for industrial institutions to put a lot of
additional restrictions on academic research, on publication poli-
cies, and the like.

_M)&philusophy has always been, even when 1 was on the other
side of that equation, that for an industry to put money into aca-
demic l:eset;mb.b,tit ougdllxt to put it into areas that it's prepared to do

ut rapidly.

The competitive advantage an industry can get out of supporting

ic research is to themselves be well prepared to take uf the
results of that research more rapidly than any of their competitors.
I think that is a philosophy and approach that ought to be promul-
gated widely among industrial supporters of academic research.

Frankly, the industrial support of academic research 1 would
Elaumnotgomgweonﬁnuetoincreaseasmpidlyasithasbeen.

you look at Figure 2 of what I turned in, you will see that over
the 20-year period 1969-1989, the incustrial support of ac.demic re-
search has been growing about ISpemntegryear. It was about

12-1/2 percent in the decade of the 1970s, ut 18 percent in the
X of the 1880s. My guess is that’s going to drop off some, so I

inth&te:arsntotgoingtobeasmpidlyagrowingamasithas
. BoucHzR. Dr. Lederman?
. LxnERMAN. I have no problem there. I think that’s a question
enterprise system working. The industrial components
to get research done and they can it done in the universi.
and the universities have a choice. can take it or not take
so I think that's a fine thing to do. I don’t see any real problem

silevel B
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unless there were constraints on the publication or constraints on

which students could perform that work, but other than that, it's
inly a positive thing.

Mr. BoucHer. Are you generally concerned though that as the

private sector funds a greater percentage of the research taking

g‘li?ce at universities that the research becomes too mission-direct-

Dr. LEDERMAN. Yes.

Mr. BoucHEg. Is that something we ought to—

Dr. LepERMAN. I would worry about it if it came to that. On the
other hand, that’s why we have the Federal Government. I think
clearly the obligation to support the abstract research, the useless
research, as was referred to, is a part of the Federal Government.
There is no guarantee of anything happening in that kind of re-
search—high risk intellectual activity.

If the imposition of other more directed research harmed that, if
people would say that'’s the only place I can do my research, that
would be a problem. Again, it's a question of balance, balance be-
tween basic and applied and then a balance between the sources
and the motivations.

Mr. Boucugr. Dr. Roy?

Dr. Roy. I think that's one of the healthiest things which hap-

but I agree with Dr. Schmitt is that that’s pretty well peaked.
don't think it’s going to go up. In fact, this year we ran by the
way the lab which has the highest percentage of industrial re-
search of any similar lab in the Nation, and we are next to MIT
but he’s got a private institution which has the highest percentage
for a university. I'm talking about a lab. So we are both experi-
enced in that field.

I think moreover when we talk about peer review, let me tell you
that the best peer review is when some puts $50,000 and says
hey, this is good work, I'm willing to put $50,000 behind it. So I've
8 many years ago that the best system would be for the
Federal Government to give an incentive to universities who do get
industrial research, to have Federal matching funds. It eliminates
all this “kerfuffle” in NSF and all that which we don’t need at all.

The simplest and most precise peer review is industry putting in
money. I'm not suggesting that money be given to industry. I'm
saying it be given to the university to do the free, untrammelled,
innovative work which today is difficult to fund because the peers
are the worst guardians against innovation. Remember the threat
against innovation is not from the agencies. It’s from the peers. So
our system is such that it militates against innovation. Industry, on
the other hand, looks for innovation; that's all they p:g for.

Mr. Boucner. But if we let industry do too much of the guiding,
don’t we really run the risk of our research taking on too much of
a short term and mission-specific orientation?

Dr. Roy. Just the opposite. Industry only comes to me when I'm
so far ahead of the pacﬁ?sals Dr. Schmitt said, it’s got to be connect-
ed to their short-term interests but I'm s the feds now
give me to say, hey, Rolér_, go do some more of that in any field you
want to. That’s the difference between writing a pro which
spells out what you’re going to do and being rewarded for your per-
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formance that you've done something creative which industry is

Mr. Boucser. Dr. Lauffexibhﬂer?
Dr. LAUFFENBURGER. i _industrialfft;rndingissortofa

er connection between real industrial problems and the scientific
expertise that can be brought to bear on it by the universities and
the conterminous problem is when it is too mission-directed, when
it is too clearly tied to development of current technology instead
of exploration of possible technology that you don’t cven envision

yet.

Let me just say that one healthy program in this regard, I think,
that's come out of NSF in the last o many years was this Presi-
dential Young Investigator Award system where young investiga-
tomwouldbegivenacertainamountofmon%tobematched y
industrial contributions and to the extent that those industrial con-
tributions were not contract-oriented but were more toward the
support of that gerson’s laboratory and the development of some
new awach&. think that's been very valuable.

Mr. cHER. We are seeing now, as some of uhavemgmted.
more of a copying by university research of industrial model
where teams of researchers work ‘ogether and share infrastructure
and overhead. What do you generally think about that? What does
that d for the future? Is this a healthy trend; is this not a
healthy trend? In view of its taking place, should we at the Federal
level be changing our way of doing business? Should we make
money in block *s, for example, to accommodate that?

Dr. Scumrrr. | think it depends on how you do that. It can be a
very healthy thing and contribute immensely to the academic en-
terprise. 1 will give you an example. At my institution, we have a
Center for Manufacturing Productivity that I think is one of the
leading academic research enterprises and technologies.

The philosophy from the beginning in establishing interdiscipli-
.nary research centers on our campus, that one and many others in
materials and computer aided design and the like, was those cen-
ters have to play an important role in the educational process. So
in the Center for Man ing Productivity where a lot ogﬁradu-
ate research as well as other research is going on, if you walk into
that, you will also find undergraduate classes actually in those fa-
cilities dving work, laboratory work pertaining to their undergrad-
uate courses.

Solwould::srthatoneofthecriteriaonewantstoplaceon
these thi which was placed on the engineering research
eenters:sphatithadtohaveasigniﬁcantim on undergradu-
ate education. I think it's entirely possible and as a matter of fact,
if you talk to students themselves, they will tell you that's some of
the most exci unde uate experience they have.

Mr. Boucssr. Dr. ?

Dr. LeoxrMaAN. I don’t know if your emphasis was on interdisci-
linary versus groups. Large groups are becoming a necessity
gecauaethepmbemsgetmorecom ted and whatever it is;
whether it's a tabletop experiment or work on a distant telescope
or a particle accelerator, the large group structure is needed to
handle the complexity.
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There’s a misconception about how these groups work and in
general, this gets to question that was raised earlier about big
science versus small science. The standard p in the university
that’sgoingtoworkatadistantfacﬂitymﬁbeaprdmr.an
assistant professor, two post-docs and three graduate students. It's
xtmp_gﬂofmm;mupthatmksatatablewporadb

The difference is when it comes to a different facility, he joins
with 20 or 30 other such groups in a joint effort, a jointly shared
effort to create some sort of facility or to get data out of that facili-
ty. Then they go back and they wrestle with the data they have
and in the same historically traditional, innovative creative enter-

prise.

I studied in fact the names on papers in a variety of different
ﬁeldsandfoundthatthenumberofsdenﬁst:lrerpaperhasbeen
increasi.ng.eg’s doubled in the last 20 years, except for mathe-
matics w. it went from one to 1.01, so they are still individuals.

Mr. BoucHzer. Dr. Roy?

Dr. Rov. I think that there’s no question that what we call a
small team, which was always present, (I think Dr. Lauffenburger
agreed, two or three faculty in different fields interactively work-
ing on a problem) is now the unit of science. There are fields as Dr.
Lederman just said, mathematics can do it individually, but in
most of the fields, that is necessary.

. Let me caution you. The university world, I take Dr. Schmitt’s
institution as somewhat of an exception, the university world has
not managed to institutionalize interdisciplinarity. I have pushed
the directors of NSF to write in there that they must institutional-
ize it. Otherwise, what we is ad hoc teams to get the money,

‘then they don’t see each other until June 30 when they write the

rewrt.

e've got to watch out against that. We can do something. Insti-

tutionalize it. Have som: tenured professorships in manufacturing

g;iuctivity or whatever. If we are going to be serious about the
that the original carving up of knowledge into physics, chemis-

try, biology, material science is not a permanent thing. We must

now pay attention to the national needs.

In Japan, for instance, precision engineering, that didn’t exist.
Now they have 17 departments. We have not done that. Materials
research in the universities was a disaster. We fudged the data for
years and years and we told NSF what we were supposed to be
%oing. They ate it up and in faci; we didtx:'%, institutionaliatehitg So

m suggesting small teams are important, I'm suggesting we
do move to institutionalize some of those areas.

Dr. LaurrFensurcer. Well clearly, I addressed this at some
length and maybe I'll just try to make the distinction that I
wanted. Absolu groups of investigators from different fields
and crossing disciplines are essential these days to really doing pio-
neering research. s not what I was about.

I think the detriment comes when you large enough cen-
ters so that in any given field there can only be one, for instance,
nationwide, only one center in the entire country, let's just say in
biotechnology because what that means is that you’ve invested in
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the ideas of the particular people s¢ that institution, some of whom
may be the best researchers ir the world and others not, and
you've diluted the small number of ideas into a larger group of in-
at the expense of other investigators elsewhere that
in fact have ideas that are quite valuable as well. So that's
what I'm talking about, when you're really bringing it down to
massive support of one small set of ideas at one institution.
Mr. BoucHzr. Well, that distinction is vet:iv clear and duly noted.
Let me inquire about one other area and then I'll yield to my
colleagues, We have had testimony before this subcommittee prewr-
that there is a dire need on the part of most universities to
have additional Federal support for facilities construction for re-

The National Science Foundation has a research facilities con-
struction component which: unfortunately the Administration is
noi recommending any funding for, for the u ing fiscal {ear
While we have this inguished panel here, 1 think I would be
remiss if I didn’t solicit your comments on the neec that you see
for additional Federal support for research facilities construction
and therefore, funding for that program? Dr. Schmitt?

Dr. Scamrrt. You have to understand that as a member of the
National Science Board, I've been in favor of a facilities program
for a long time, so0 just make sure you have my bias. I think it is an
extremely imtgortant need, but the problem is always the fact that
the faculty, the scientific community get hung up over whether a
single do. that you're going to put into bricks and mortar is

to come out of laboratory research.

ile Erich Bloch was still Director of NSF, he visited our
campus once and I took him to a building in which we had a re-
search being sponsored by NSF in a laboratory room and
whenever it rained, we had to put plastic over the room because
the roof was lear:li.:f. That’s the syndrome and I have to tell you
having become iliar with the academic accounting systems, and
academic financial systems, there is nothing in those systems that
tends to make universities choose the right priorities when they
have to choose between doing an experiment in a lahoratory and
repairing a roof. The whole accounting system is set up so that you
don’t have to face that issue ever.

We do have to make choices about whether we need to repair the
roof or do an experiment under that roof. Those choices are un-
avoidable. The university accounting systems today avoid it totally
and the Federal Government with some sort of a program that re-
quired matching funds of some sort could help to stimulate that in

opinion.
milr. BoucHer. Dr. Lederman?
Dr. LepgrMaN. Well, you're probably familiar with the Packard-
Bromley Re in 1986 which identified some $10 billion worth of
in replacing obsolete equi'rment in universities and follow up
on that—I've forgotten who did it —said not so long ago, of that
number, a very, very small part had been done but time went on
and so the deterioration of equipment and obsolescence of equip-
ment got worse.
- 1 think 1 agree totally with Dr. Schmitt that there has to be a
balance and you have to have a judgment as to what to put into
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facilities of that kind. I think the NSF program was a sound pro-
gram. I'm sorry to see that it didn't get entered.
Mr. Bouceer. We haven'’t had the last word on that yet, I might

l’

. Roy"

Dr. Rov. I think I want to separate two things. One is bricks and
mortar and one is equipment. I think in bricks and mortar perhaps
a program somewhat which is based on the old NIH program
where you could get a certain percentage back for bricks and
mortar are the kind of R&D you're doing and let it be done locally.
Otherwise we have to write another set of proposals for 16 different
buildings. It would be better to have a formula return for bricks
and mortar.

On 1he equipment question, I think, again I would certainly give
an incentive to the universities to make r use—] think the re-
gional facility idea is working. I send all my students to Cambridge
n land or to Arizona State. I don’t want to put up another
$600,000 damn fool machine. Why should 1. But we don’t give the
mogeesr for travel which will make much more efficient use of high-
priced facilities. Every professor likes to have something to show
the visitors. Well, that game is over. 1 think. We don’t have the
money for that. So if we give facilities, we should make very sure
that they are well-utilized and that means about 16 hours a day. If
there is not a night shift, don’t give them anymore money.

Mr. Boucner. Dr. Lauffenburger?

Dr. LaAurrFeNBURGER. I'd say yes, that's a valuable program. It's
sort of a necessary corollary to what I would see as the favored
support of small teams and individual investigators who couldn’t
su&ort those facilities themselves. I would see that equipment and
facilities as sort of the best kind of center in which they are operat-
ed ani many different people can usc them at one institution or
mn?ratngeig 1 h. d bteuenogzggeewd that the NIH had

. BOUCHER. It ha n t the program
particular merit because it, like other NIH initiatives was peer-re-
viewed and that basically meant that the institution that the
best proposed use for the facility would get the funding for its con-
struction, unlike the tygileal way the Congress tends to fund brick
and mortar facilities which is through the appropriations process
and line items. That calls in to play political uence to a greater
extent oftentimes than scientific merit. The gentleman from Penn-
sylvonia earlier was commenting on that.

€ hers had suggested that research facilities program was
v:rcﬂlvaluable because when the NIH put its imprimatur on a given
facility, even though the total contribution to its cause trimmed
from the NSF might be fairly small, that just the stamp of the NSF
in saying this is a facility we think is worthwhile, tends to 1
a lot of additional support from the State, the universitﬂ. and
private sector, so it has value from that standpoint as well.

I thank this tgnel very much for its thoughts this morning and
recognize now tleman from California, Mr. Packard.

Mr. Packarp. I'll be rather brief, Mr. Chairman.

The debate between which comes first, research or technology,
and the debate on how to and who profits most from the applica-
tion of the technology or the the individual researcher or
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the institution, or private sector is constantly going on and I think
some of the written material that I've read—unfortunately I didn’t
get to listen to some of your testimony, Dr. Roy, but I know in
some of your written testimony you've mentioned that in your
judgment we have it reversed, that technology is the innovator and
th§authorofresem'c. t}}umdap liedscigntc;.poﬁ_ that J has
_ ﬁﬂ? recognize the ures and the cies that Japan
had and its benefits to tieir economy versus that here in this coun-
try. I have to assume, though, that most universities would not like
toseeaﬂowoffundsandtheﬂowoftheer'%phnsisawayfromre-
search to technol and to applications. Would you expand on
that, and then I interested in hearing from perhaps each of
the others and then I'd be through, Mr. Chairman.

Dr. Roy. Mr. Packard, if you remember, I testified before you a
cogj)le of years and made the same point.

r. PACKARD. | sure do.

Dr. Roy. That it’s not flow of monei,' from research to technology,
it is what drives the research. If Bell Labs didn’t exist, the discov-
ery of the transistor action which was a cooperative thing would
never have been pulled into the field, it was a technology pull, get
rid of the filament drain and that’s the way we’re going to move
something.

Unless we are going to utilize that knowledge, it sits on the shelf.
We built an atom bomb based on Germany’s basic science, they dis-
covered fission, we didn’t, so science is just thrown out there and
an y can grab it and use it.

said last time, the Japanese have invented a science eating
tree, so we're out here growing science and they are eating it. We
don’t have the trees anymore, we're destroying our capacity. What
I'm crying about is that the industrial capacity to make knowledge
into products has been dest .

In the university, we can have two kinds of research, both are
exactly long term basic research. One can be connected to our in-
dustrial infrastructure and the other can be for the of science,
writing papers and so on. I'm saying that the public sector, the

ngress, using our tax money, has got a right to say if it helps the
Nation, we've got to give a priority to that. We're not cutting back,
zeroing out the others, but surely in these hard economic times,
I'm suggesting that not only has technology driven most of the
good science from Galileo onwards, but in fact today given the eco-
nomic climate, we should use that as a major criterion in deciding
where to put our emphasis. We should in fact use the utilizability
of that knowledge as of the criteria.

Mr. PACKARD. Dr. Schmitt?

Dr. Scamrrr. Yes, I have two comments to make.

I am not as alarmed or apprehensive about the tender nature of
exploratory research as has been expressed otherwise today. I
remind you that Pasteur looked at sour wine and invented bacteri-
ology and Irving Langmuir looked at a blackened light bulb and
launched surface chemistry and Jansky sat out in a corn field lis-
tening to static and discovered radio astronomy.

The fact is that peogle of genius will do things of genius what-
ever stimulates them. I think as Dr. Roy said, a lot of good funda-
mental science can come out of being stimulated by very practical
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problems provided the individual doing it, and the individual work-
Ing on it is given the freedom to approach the problem in whatever
way they want. That's the key to it. You've got to give people of
genius elbow room, the scope to approach problems in whatever

they . :
wxcond,lwoulddifferwithDr.Royononelitﬂething.TheJaya-
nese have yet to beat us in any pioneering discovery or invention
or in the first introduction into the marketplace of a product based
on such pioneering things. Where they have consistently beat us is
in the second, third, fourth, fifth generation.

Mr. Packarp, What needs to be in the United States to
alter that? What are we not doing that are doing?

Dr. Scamirr. We have not been very good at the incremental
type of innovation, the type of innovation that involves manufac-

ing process, involves getting quality up and so on. They are pur-
onlthemﬁn&ehand to be qmcll: to market agl yetp;?&e same
time people m persistent, they appear to be op

In fﬁ what they do is they get something on the market&uickly
when the volume may not be very high. They find out how the cus-
tomer reacts to it, and then they very quickly keep changing it and
leamigg—they use the market almost as an experimental tool, so
some of the processes that they have used to succeed I think some
United States firms are begin n‘nf to learn how o emulste now,
but the only thing I would say is I would hate for the U.S. give up
the one place where it has and still is preeminent. That is in the
pioneering mof discoveries and in fact being the first to market
with things on those pioneering discoveries.

Mr. Packarp. Dr. Lederman, do you have a comment?

Dr. LeperMaN. Well, I'm clearly someone who has been active in
fundamental research, far out research, useless research, if you call
it, abstract stuff, and yet you would be blind to the lessons of histo-
ry if you didn’t realize that when the Greeks started us off on sci-
ence with a notion of how the universe works, that’s been the moti-
Ahachie, “Texas whors. some other. latge projest megaproject 1o

e, where some er mega is
going on, and the road is very clearly tracdpm

In the course of answering that question, we’'ve changed the way
people live on this planet and how they think on this planet, and

go through various highlights of that. I don’t I have to
ecture you on the Newtonian revolution and on the discovery of
electricity by Faraday, all out of curiosity-driven, how does the uni-
verse work questions. I think that on and on and all the way
to before the transistor, there was the quantum mechanics.

When data came out of the atom, it was totally inexplicable and
when finally it was solved in Europe in the 1 and 19308, we
had made a total revolution in our understanding of what goes on
ingide of an atom, which now I once estimated accounts for about a
third of our GNP. That's the understanding of the processes inside
an atom,

If you ask the innovators of that, Mr. Schrodinger and Heisen-
berg, and so on, why did you work on this atom, they wouldn’t
have said anything about the GNP. They wouldn't have known
what it meant. It was there. It was how the universe works.
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I don’t see ang; reason why this sequence of things doesn’t contin-
scienc Rndx;;:ize . powerful tlnng:. ) wogymd:n:cl;l:is
science to more i you go to a i -
erator, it’s full of technology which comes out. Without that tech-
nology, we'd be helpless. Without the incredible advances in com-

ting science, we'd be helpless nowadays, but the science also

the technology, so it’s an interactive thing which because it
interacts accounts for the tremendous pace of we have in
modern society. It's because of this escalan;g spiral of science,
technology, science and it’s our {iob, it’s your job to make the right
balance and not to skew it too far in one direction or the other di-
rection. That’s the hard part.

Mr. Pacrarp, It’s obvious this dis;it)xrte extends itself to the very
panel. We’ll have the last word from Dr. Lauffenburger.

Dr. LAUFFENBURGER. Well, my comments here would just echo
and support those of Dr. Schmitt and Lederman. I would have
nothing to add other than what those two have said already.

Mr. Pacxarp. Do you want to have the last word, Dr. Roy?

Dr. Rov. Yes, of course we disagree with Dr. Lederman with the
value of some of that science. ’'m putting economics before us be-
cause I think we are in economically stringent times. If you look at
the sports economy, in my testimony I said we can talk about sci-
ence and we can talk about sports, baseball, football and so on, and
B T e By i & oy feresting sabyect to those
po as tiddly- wi ut it's a very in ing subj ose
who play tiddli-lwinks, but do we spend our time on scientific
tiddly- winks which do not connect to the business of the country,
to the human needs, I say basic science is that which is closest to
human needs.

I think the basic science which you should be supporting is that
kind of science and 1 believe the definitions—I think we need to
have a panel on really trying to answer that uestion, Mr. Pack-
ard, which way does the flux run and let’s illustrate it because
there is more than one kind of science. I've tried to use those ex-
*:resions. Science for society which is publicly funded and science

or self and for the institution which should be privately funded.

Dr. LAUFFENBURGER. I would like to add one thing. The difficulty
with what was just said is that it's almost ixﬂ)lossible for Congress
or anybody else to decide which of ’s tiddly-winks will actual-
ly end up being the building blocks for a technology tomorrow.

’s the mxs'ﬁ: e you don’t want to make.

Mr. Pacgarp. Thank you very much.

Mr. BoucHER. The gentleman from Oregon, Mr. Kopetski.

Mr. Korerskl. Thank you, Mr. Chairman.

I'm fascinated by this discussion. I represent one of the great re-
search facilities in the world, Oregon State University, and we
have both the partnershig, joint ventures and we have basic re-
search going on in all kinds of areas. In fact, the Chair was able to
take the ir of the full committee up just this last Friday to
show off some of the interesting activities going on.

vaascuriousaboutthewhnledebategoingonwithmpectto
the indirect costs and what amount and the proper role of the Fed-
eral Government and what kinds of reforms are needed to remove
confusion, achieve maximum accountability for indirect costs.
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Perhaps the panel could, if they like, comment on this area.

Dr.Scam.Ipresumeyouwemnotinwhenlinﬁoducedmy
tesﬁmonysayingwhenumvarsitiapreddentsa before a con-
gressional committee today they have to establish their credibility

The fact is there are two things I think that are going on. One is
there are some real and valid costs pressures on academic institu-
tions, for example, the new animal facilities, for example micro-
electronic facilities. There are a lot of expensive kinds of facilities
that are coming onstream today whose maintenance, upkeep, heat-
ing and everything else are more expensive. A lot of environmental
regulations, the universities are subject to some real cost
just like every other institution in the country because of some of
the thm we've decided are important to do. That's going on and
that’s valid.

The second thing is that the question of what is it legitimate to
charge to over of a research contract or not, is obviously up for
debate. Frank‘llir, academic institutions thinking about overheads
have been faulty in my opinion. What 1 found is with a very
modest overhead rate of 59 percent now coming down, we collect on
our research contracts that what was happening is they were
taking some of those “‘overhead dollars” and giving them to
researchers to use for direct costs t« give them incentive to get
more contracts. ‘

It just blew my mind cominiafmm industry that that illustrated
a total misunderstanding of what overhead was or the ition
ﬂétaizo::rheadcostsaremalcosts.lthinkthereisthatkin of an
attitu

Mr. Korerski. Do you think the community can get together and
decide what is an imigect cost and what's not?

Dr. Scamrrr. It isn’t all that clear in industry either. In the end,
irou_havetoestablishtherulesandtheregxﬂationsastowhatis
lxﬁo'tunat:e c and what isn’t. Believe me those debates go on in
industry as well. We just haven't paid as much attention to them
in academic institutions,

Dr. Roy. I think that there was a solution, although Dr.
Schmitt’s indirect costs are going down, and you really should com-
mend an institution which done that because we should give
them an incentive, give them an extra point or two. You've got to
give an incentive to us to take our overhead costs down. At present
there is no incentive, we want to pad it and make it look bigger.

One way that NSF used to run for many years was a fixed over-
head, whatever that number is, and that’s one way that we all will
kind of drop off certain items from overhead and do it. It would
simplify bookkeeping, it is a possible solution and 1 commend to
you the reexamination of that.

The second one is something that Dr. Schmitt mentioned in his
testimony which I had in my book about 10 years ago, an IR&D, an

t Research and Development fund in order to make
that legitimate. We really should give—universities, who do $200
million worth of research and if the feds are putting up $100 mil-
lion of that, there could be an IR&D fund and a overhead.

I think these two would se those two items, and 1 have
been advocating both of those for quite a long time.

Mr. Korerskl. Thank you, Mr. irman.
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Mr. BoucHeR. The Chair thanks the gentleman and there being
no further questions by members of the committee at this time,
_with:léeChair’sthnnks,tlﬁspanelisdismissed.l‘lxehearingisad-
journed.

[Whereupon, at 12:26 p.m., the subcommittee adjourned, to recon-
vene at the call of the Chair.]
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