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Preface

Ihc importance of scremiific research to the well-being of the nation has long been recognized by U8,
policymakers. Since the mud-1980s, in the face of enormuous pressures on the budget, federal tnvestment
in basic rescarch has grown significantly—faster, in fact, than nearly any other arca of non-defense govern-
ment spending. In spite of this, evidence of low morale in the scientific commumity has been buslding steadily
during this period in press reports, in Congressional tesimony, in op-ed preces, and in other public forums.

In recent months, these reports have taken on a tone of greater urgency. Colleagues have told me of se-
mor rescarchers about to “throw in the towel” because of the loss of fong-term grant support, and of bright
and promusing assistant professors at top universities unable to get funds to imtiate their rescarch. When |
took office as President-Flet of the Amenican Association for the Advancement of Saaence in February
19941, 1 decided 10 ook more deeply mnto these reports to see 1§ could resolve the apparent paradox of con-
tinuing mueases in tederal rescarch funding and growing dissatistaction in scadenne lahoratories.

With the help of the statt of the AAAS Dircctorate for Scicnce and Policy Programs, T conducted an m-
formal survey of key faculty i selected U8, universities. This report, which T submit to the Buard of the
AAAS, describes the story as told by the nearly 250 saientists who wrote fetters in response to my ingury.
Fimited and snformal as it was, the survey confirme § my expectations of trouble, but with a depth of de-
spair and discouragement that 1 have not experienced 1n my forty yaars i science. T have mcluded i the
report my attempts to understand and terpret the stuation,, o evaluate the consequences, and to estimate
what 1t mxghr take to corruet ot

Although the report may perhaps reveal indications of passion and advocacy, my coneern s not tor the
unhappiness of my colleagues in saenee, much as T love and value them. My concernoas tor the future of
science in the Umted States and for the protound cultural and coonomic benetits that soence brings. My
aim 1 to stimulate urgent discussion 1 the wadest possible contest. My hope is that this wall Jead o vigor-
vus and appropriate follow-up activities.

In writing this report | am well aware of the hesitations of some eolleagues, hesitations based on the de-
ware not to appear scf-serving, not to bring saence down to the feved of “just another interest group.™ How-
ever, 1 an fact U8, saence is at risk, then what course should we take? Byt not the obligation of wxcieies
like AAAS to bring the state of saence to the attention of polscymakers and the public that pays tor and ult-
mately benefits from rescarch? It my opimon that the risks of appearmyg to be selfserving are far out-
weighed by the risks inherent 1 not making the case.

Please note that when 1 refer to scademie rescarch m this report | generally mclude Doth basic and ap-
plied rescarch on, i the newer vernacular, fundamental and strategic research. Mso, T recgoee that 1 hive
focused narrowly on one sector of the research commumty and gocd saence pohicy will require thatany so-
fution must abse constder non-academic rescarch as wellas those isocs outside of saence which mtluence
the health of the rescarch umversities,

Many people contnibuted to this report. Thanks are due to Richard 5. Nicholson, AAAS Faccutve OF-
ficers to Albert FL lesch, direcor of the A3AS SGence and Pobay Programs Diredorate; and to Stephen
1. Nebon, program director tor science, technology and government, for their many contributions. The
assistance of my physiost colleague James Tretil of George Mason Uninversity was mvalu. e traming
the issues described here. John Schanchoom and June Wiaz provided able rescarch assistance at AAAN, De-
nise Graveline, head of the AAAS Otfice of Commumaations, provided important gndance and advice,
and Patricia Morgan and her <aft in the Office of Publications transformed the manuscript mto the report
that vou see. Mostof all, Towe a debt of grantude to the nearly 250 acadernmc rescarchers whose articulate
and heartfelt respanses are the basis for this report,

Leem M. L ederman
Uneversity of Chaago

December 1990 4




[There were] three incidents
whers we bod 10 siond by while
compaiitors from chroad moved
forward on research besed on
owr idess. . . . The history of the
past docade is one of coatiseed
harussment over money, lost op-
portunities dve 1o inodequate

scionce ot @ fime when we need
them most.
—Professor of Biology, U.

of Biincls, Urbono

The fuading sitvation s the worst
I've se0a in 25 yoors o3 0 six-
cessfvl ressarcher.
~—Professor of Chemistry, Yale

0:1;0 upon a iime Ameran soence sheltered an Fanstein, went to the moon, and gave to the
world the faxr, the cecronic computer, mvlon, television, the cure for polio, and observa-
tons of our planet) focation 1n an expanding universe. Today we are i the process, atbeit unwit-
tngh, of abandomng this feadership role. It is up to the President, the Congress, and the Amer-
wan people to deade whether this s really the roud we want this country to travel,

Amerwa has hved and grown great through soience and technology. From the foanding of
land grant univensties and the tlowering of agricultural rescarch in the 19th centuny 1o the
boom 1 microelectromes and information technologny i the last two decades, we have hitched
our economy to the best saenntic research system we could develop and have prospered as o re
salt, In this fong-runming success story, American univensities have plaved a speaal role. Ui
veraty researchens have produced new knowledge to drive the cconomy and at the same time
have trasned successive generations of saentists and engineers to Jaft Amenican industry.

But now, at 4 time when pr-blems of international economie competition, environmental deg-
radation. and quality of hie demand the very best from our rescarch community, new informa-
ton assembled by the American Assoctation for the Advancement of Saence (AAAS) documents
a deeply troubled mood among univeraity researchens, even those who have been suciessful m
punsaing rescarch careers moour most prestigious mstitutions. This troubled mood s w0 perva-
ave that 1t rasses serious questions about the very tuture of saence sn the Eorted Mates,

Phe quotations that punctuate this report are drawn trom an informal survey by the AAAN on
the state of acadenne soentific research in the Umited Mates. Asked about therr personal experi-
emces with rescarch funding, the respondents, who include some of the nations mest promisisg
vouny academic screntists, portray an environment of slow, but steady erosion. One group aan
ne longer tran graduate students. Apather sees its advances wtechnologies with malhons of dot-
Lars of mdustrial potential dissipate for kck of a $100,000 Taser. A third desceibes how it s
shundoning mnovative but isky research for more pedestrian projects tor which tundang o
More wertdin,

The responses pant a preture of an academic research commumn beset by tlaggang morale,
dimnshing expectations, and constricting horizons, From one institution to the next, acrows
demographic aategories, across disaphines of rescarch, the nations sentists are s)endinge o
warping. Academic research o the Umited States 18 i serious trouble.

Whike it s diftficult to make accurate predictions as to possibile outcomes of the current atua-
ton, & magor dechine in rescarch capabnbity s certamly within the range of plausible progections,
Indeed, given the current cconomic situation and budget chimate, such @ worst case seenano
might be consdered probable. In view of the dose coupling we believe to hold between a vigor-
ous and dynanue saence and the cconomie and cultural well-being of the nation, this becomes &
bl jre blem,

Fromeatly, there s, among policymakers and the informed pubhc, a general wense that Amen-
catr saence s strenge and healthy, Faeny vear, we do wedl w the Nobed prize sweepstakes Over
the past decade tederal funding for basic rescarch has fared cather well in the budget battles, at
feant s compared 1o othet arcas of government spending.,
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Nevertheless, the AAAS survey provides a strong signal of trouble. It forees us 1o recognize
that, however rusy the research funding picture may look from Washington, D.C., there ar
serious problems at the laboratory benches.

To understand the morale problems in the research communry, 1t is nevessary to look at the
long-term picture, nat just at how foderal investment in R&D for this fiwal year Lompares o
last or how R&D funding compares to transportation, aericulture, or other “domestic discre-
tionary” programs. In this perspective, it is pot hard 0 see the source of the problem. Despite
recent growth, the level of federal support for basic and applied rescarch in the universities m
1990, atter correcting for inflation, s only shightly larger than 1t was in 1968, over twenty
yeans ago.

In 1968 this level of funding was adequate. Indeed, 1968 was the peak vear of 4 period that
s considered the “golden age™ of American soence. Tidav, however, there are twice as many
doctoral scientists in universities competing for those funds. Furthermore, in all areas of rescarch
the last decade “easy™ problems have been solved, and the cost of creating new understanding of
nature has increased considerably. Fnally, new regulatory requirements have added to overhead
costs and reduced the funds available for the direct costs of rescarch. s it any wonder that mo-
rale among academic scientists is fow?

Academic science has not arrived at its present state through a conscious decision by the Ad-
ministration or Congress. No politcal leader has advocated starving scrence —indeed, most feel
that they support it strongly. Presidents Keagan and Bush have both promised o double the size
of the National Science Foundation budget within five years, and Congress, almost every year,
appropriates more for the National Institutes of FHealth than the Administration PEGUESES.

Scientists in the universities began to feel the pinch in the carly 19705, when the sustained
growth of the previous decade came to an end and rapid inflation combined with constraints on
the federal budget to produce a constant-dollar dedline of more than 20 pereent in foderal fund-
ing for academic research. Warming signals arose at that time and eventually, to an extent, they
were heeded. The trend in federal funding turned upward beginning 1 1983, However, recent
growth has been insufficient to compensate for the et ot of the fong drought that preceded it.
Thus, 1 the view of thase in the laboratories, there has been a gradual year-by-year eroston in
the availabihty of funding and in the health of academic soence over nearly two decades.
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~—Professor of Physics, U. of
Wisls
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The future is quite block. Ree!-
istic analysis of fhe odds indicole
the iihalibood thet, i the not foo
distont futurs, | will not oblein
sustoised funding. As my trowe!
funds disuppeor oad | con %0
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The Survey

ln Nay 1990, at my request, the staff of the American Assaciation for the Advancement of M-
ence initiated an quiry to determine the professional “quabity of he” as perceived by mem-
bers of the academic research community. We sent letters to the chairs of the physics, chemmistry,
and biology departments at 50 universities—the 30 largest research-oriented universities, as de-
termined by the amount of federal research funding they receive, and 20 additional umversities,
representing a range of less ressarch-intensive institutions.

Fach chair was asked 10 answer the Jetter personally and to forward it t a few faculty mem-
bers. including at least ane third- or fourth-year assistant professor 1o the department, and the
voungest full professor. We wanted 1o hear from a range of rescarchers but especially from the
“winners™ in the game of academic science—the poople with succestul careers in the best-
funded disciplines at prestigiious institutions. It this group perceivad itself to be in trouble, it
would be a fair assumption that the great body of Amencan soentists in other ficlds and imitia
nives could only be worse oft.

Fach respondent was asked to write a letter commenting on personal experiences n vbtaimng
funding, the general availability of funding in the field, and how these factors would influence
productivity and future plans. We made no pretense of drawing a scientific, random sample, nor
did we attempt to cover all fields, types of institutions or geographic areas. Our purpose was not
fo generate statistics, but rather to collect anecdotes so that we might assess the prevatling moad
among academic scientists. ( See Survey (uestions, page 7.

We were not naive about what to expect. We recognize that no resarcher s ever totally happy
with his or her situation, and we expected a good deal of common, garden vanety griping.
Good scientists can always see more things to do, and those who are dissatisfied are more likely
than others to take the time to respond o an inquiry such as ours. However, the emotional inten-
sty of the letters and the depth of their pessimism was so far above these ordinary levels that we
can unly conclude that they regster a mond of deep depression in the rescarch community. And
this depression is widespread, independent of institution, field and rank.

Nearly 250 letters, many of them long and detailed, were received. The overall tone of the
letters, as exemplified by the excerpts that appear throughout this report, is one of deep concern,
discouragement, frustration, and even despair and resignation. 'The traditional optinism of re-
search scientists is being quenched. In s place are lowered expectations and 2 gloomy vision of
the future.

The sientists write that obtaiming funding occuptes an wxreasing portion of then time. They
describe growing regulatory burdens and increasing overhead costs. Many say they are embar-
rassed because they feel they are unable to serve as adequate role madels for ther graduate stu-
dents. And, because the respondents are among the “best and the brightest,” they are ment keen-
by aware of the opportunitics, the excitement and the ultimate benefits of thewr research - and the
sharp contrast to the increasing difficulty in obtaining resources for 1t

One saientist reports chagrn at the “superbright” post-doctoral student he cannot afford to
hire. Anather writes of discouragement at the two graduate students she has been forved to teli to
go ehewhere. There is despair at seeing ones own ideas implemented by compaators abroad with
the cquipment one cannot afford. And overall, the estmatif in the letters is of long hours spent
writing, fand reading) proposals and arguing and pleading with funding agency personnel.
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The scientists write that obtainng funding occupies an increasing portion of thar tme. They
deseribe growing regulatory burdens and increasing overhead costs, Many say they are embar-
rassed because they feel they are unable 1o serve as adequate role models for their graduate stu-
dents. And, because the respondents are among the “best and the brightest,” they are most keen-
Iy aware of the opportumities, the excitement and the ultimate benetits of their rescarch—and the
sharp contrast to the increasing difficulty in obtaining resources for it.

More than half the respondents in the top 30 institutions indicated that they are experiencing
xrtous difticulties in research support or, at best, are treading water. An addittonal third re-
ported that they were getting by tor the moment, but saw problems ahead for their rescarch,
Fven the minonity of respondents who reported that they were managing pretty well themselves
ndwated they were affected by the depressed mood of their collegrues.

The distribution of responses from the less research-intensive unsversities was not much dif-
terent. about 6t} percent wrote that they are in trouble or are barely managing, an additional
third reported they are coping but see problems on the horizon; while most of the remamder see
colleagues i serious dithiculties,

Survey Questions

Please wnite us a letter addressing each of the tollowing 1ssues

1. The availability of rescarch funding 1n vour own area of research. Please
comment on your own personal experience with the research tunding
system. Be as spectfic as possible.

2. The relative case or difficulty of obtarmng research grant funding
currently as compared to past years (including the number of appropriate
sources of funding for vour research). Again, we are interested primarily
n your own personal expertence.

3. Your thoughts on how your recent experiences with research funding
might influcnce your plans and expectations for the future.

& Onher factors significantly influencing vour own productivity and ability
to conduct research in your current setting,

5
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Why is the Moraie of
American Scientists So Low?

he prinaipal source of the morale problems the survey uncovered 1 no mystery. 1t appeared

in Jetter after letter. It is essentially a lack of funding. For many scientists the ditticulnes of
olnaaiing research support are beginning to ovenshadow the rewards of actually domys rescarch.
To understand why funding is so problematical, it is useful o review a few Higures.

Level Funding and a Growing Community

Since 1983, federal support for acadenic research in constant—that is, inflation-adjusted -
dollars has grown by about 30 percent. However as shown in Figure 1, this recent increase fol-
fowed a Jong period of relatively flat funding which was itselt preceded by a sharp drop between
1968 and 1974, Consequently, the amount of federal funding for basic plus applied re-
search in universities in 1989 (expressed in constant dollars) is only 20 pervent high-
er today than it was in 1968!

At the same time, as shown in Figure 2, the numbxer of doctoral scientists and engincers in
colleges and umiversities has more than doubled. In other words, in 1996 there are over twie as
many rescarchers competing for a pot of money not much bigger than it was in 1964,

Figure 1 Federal Expenditures for Busic end Applied Research at
Colleges and Universities, 1968-89
(billions of dollars)

] n n ] 7 n » n L &% " 80 st

Q Source Natomal Science Foundatian ( Constant dellar comversions by AAAN,
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Figuce 2 Number of Doctoral Scientists ond Engineers Employed
By 4-Yea: Colleges and Universities, 1969-87
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Fhe wrosth i the acadenine recarch communin, averagzimgg abeout four pereent per vear, has
gone larpels to populate new nd vitad frelds of resarch which, m 1968, were cither non-ovin
tent or crnbrionn . Phis s stmphan sdication that ot wonthe nature of scence o expand.
Somie examples of areas which have ansen to compete for tunds with older, more estabshished
Selds are moke ubar genetics, organometali chenmtn, materials saence, chaos and complesan.
Fopicalh, older fields cvolve mto new areas of discover. We cannot think ot am ticld, thriving
10 the Tt that has driappeared i the past twa decades.

The Increased Cost of Doing Research

The phenomenon of level tunding and a growing commumity of researchers in el would
cearly cause considerable hardshap i the soentific communmty. The problem s comp mnded,
however, by a number of other ators that, taken together, further restract the results that can be
ubtaned trom cach rescarch dollar.
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1. Complexity

One tactor s complexaty = or what some abservers have aalled “sophisticanon milanen, ™ As
our understanding of nature increases, the questions we need to answer become mare comples,
There s a corresponding increase 1 the sophistication and ant of the cqu.pment needed to do
rescarch, both for small, “table top™ experiments and Large facihities such as telesonpes and
aueelerators.

For example, & state-ot-the-art die laser costalaout 19000 1m0 1972 The worresponding state:
of-the-art Laser taday conts $ 100,000, Fven it we worredt tor mtlation. .« saentint who wishes to
remain in the toretront of rescarch i 1990 has to pas three e as much tor this prece of
vquipment s he or she did fifteen sears ago. Simularh, the ant of equipping o laborators for
St AT professor 1 utnerats soence department has mcreasad by g facor of ton
sine JUhHR,

One might argue that there are countervathing trends. As the cont of certan technologies de-
creases, the ant of domng soence should go down as well, Ordinan hand Gadalators, tor esam
ple, once cont several hundred dollars, but now Gt onh a fracion of that sum. While this o
reduction s real, i practice s ompletels swampad by the sncreased demands for compuata-
ton. Although the cont per arsthmerse uperatton has gone down dramatcslly since 1968 the -
creased peed for computing power has made computer ants a maor porhon of tada N soene
budget. Sinularh, the unit ot of banlding an accelerator has dropped from £1, 000 per MoV at
Fermulab cin 1970010 2 1o per MeVat the S8CLbut the energny required o do meanimgtul e
wearch i high energny phyaics Bas pone up so much that the tatal cost of the requared acelerator
w much higher todiy than 1t wasin Tuex,

These are ot ust examples o rescarchens trong o keep up with the Josoes-ane can no
more do [4990s research with 1974 cqupment than one can buthd @ modern saperbighway with
prok-and-shovel Lsbor The compleaty factor s direct cont imposed vonvosearch b reasing

~sephistiation i sichee

2. Increasing Costs of Regulation

The vont ot regulation s g second tactor Inmamy ticdds, particalarh mothe Bte soences, i
creased reprulation abmorbs spmticant funds and research tme, Requinmg rescarchers to oomply
with prndelnes such as those concermmg ommal Gare, buman subyeas, bow leved radoactne
waste and he cardous substances somportant and certamb ustiable, hat 1t mast be recogmized
tha the conts of complung with these repulations reduc the ameunt o research that can e done
tor 4 pnen amount of mone

3. Increased Overhead

A third tuctor omsttutional oserhead. Aconding to the Natwnad Socice Foundaton, sndy.
rect costs at umversities tncddudimg admimstration, mantenance of haldimgs, uthties, ot 1 have
risen trom I percent of the natonal academic RXEY budpet i 1966 o about 2% perent
Fewn, Charges equivalent to 7t percent ¢ saliaries are not unusual tiday. In the nunds of many
faculty memben, overhead amounts to a tax on resarch. Obvioush, it s 3 legitimate companent
of the cost of domge research and it recovery 1n research grants s esential o the susynal of the
unversities, But, as s the tase with increased repulation, the absorption of 4 prowing share of
research money by overhead means that less money s avadable to the Taboratory soentist tor the
direct comts of the rewardh.
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Impacts of the Funding
Situation

Lct us turn now from the sources of the problem to ity impasts, The letters suggrest that——azpart
from just beg a source of frustration to academic saentists—the sjueeze on rescarch tund-
ing s hkely to have a number of more subtle adverse consequences for research and for the nation.

With more sientists competing tor what is essentially a fixed pot of money, the percentage of
grant appheations funded by NSE and NTH has dropped preapitoush. As Scemce magazine has
reported, success rates tn some tickds are down to the neighborhoad of 10-15 percent. Screntists,
particularly young scientists, report spending more and more of their time chasing fewer and
tewer dollars. While the average grant size has increased somewhat at N1H, the typreal NSF
grant 1s, 3n constant dolars, conmderably smaller in 1990 than 1t was i the early 1980y,

The problem is more serous than average grant size or proposal success rates, however The
fetters reveal potentially important changes in the way sientists as individuals pursue therr craft
A a comequence of the increasngly ditficult search tor funding, academic saentists are less
willing to take chances on high risk areas with potentially big payotts. Instead, they prefer to
play 1t sate. sticking 1o rescarch i which an end product is assured, or worse, working m ficlds
that they believe are fuvored by funding agency otficials, These scientists are also increasinggh
viewing thar fellows as compettors, rather than colleagues, leading to an increasingly corrosne
atmosphere The mumtestations of this attitude range from a refuctance to share new results with
other srentits to public bickering about relative prionties i tunding different ficlds,

Whiie the current loss of productive groups is serious, even more disturbing is the negative influ-
ence the present difficulties are hoving on the next generation. On o recent visit to MIT | had on
informal lunch with obout twenty groduate students in organic chemistry ond asked how many of
them ware going info ocademic science. One person raised his hand and he was returning o o
small liberol arts college where he hod been o student. This group ogreed that their lack of in-
ferest in university level positions s their perception that the challenge of gaining funding is now
dominant over the challenge of the sciente.

—Professor cf Chemistry, U. of iflinois

Fam so heavily invested on o personol level in basic research that | connot imoagine changing my
own coreer direction even if the present funding situation persists. However, | om finding it
harder and harder to recommend this career to the many bright undergraduate students who
regularly seek my advice in coreer opportunities in basic research.

~Assistant Professor of Biology, U. of Californio, Berkeley

Bat there are ather etfects of the tunding situation that are evident i the letters— etfets that
will ot be telt for some time, but that are potentially much more damaging. Over and over
agan the respondents reported that they are cutting back on the number of students they are
tramming, and that students now in the laboratories are opting out of research careers. s nof too
hard to imagine the thoughts 1 the mind of a graduate student wha watches as a professor
spends a third of his or her e searching for tunds to keep a laborators gomng.
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~Prolusor of Ecology, U. of
Missesole

In the longer ferm, fhe shortege
of fonds . . . will probedly awse
& 10 feke o0 fower grodecte
stodonts.
—Professor of Physics, Horvard

The professor-graduate student relanonship s one of the most important ingredients of 2 x1-
entists education and 1s widely regarded as a key to the success of ULS saence. One of the
prime tasks of the taculty member is to serve as i role model for the student—-to say, in ethet,
“This 1s what 3 scientist is hke.” The relationship entatls obligations on both sides of course, but
the protessor usually assumes a responsibiliny for seeing that his or her students are supported
durng their studies and placed in appropriate jobs when they finnsh.

In one Jetter atter another, those responding to the survey expressed concern that they could
naot fultill the oblygations they had asumed when they took on students - that they could not
serve as succesful role models for the next generation of saentists, This breakdown of an impor-
tant part of the traditional education is another serious and unexpected consequence of the tund-
mg stwation. And the mood will inevitably be commumnsaated 1o undergraduates man ever-wad-
emny npple etfect.

While the difficulty in obtaining research funding has taken its toll of time and energy, | plon to
continue in this position ond with basic research. However, it is deor that my first three postdos-
toral ressarch fellows {now on the job market) and other postdodoral fellows at Caltech who |
know, have o quite diffsrent perspective from that which | hod o few years ago when | conducted
my job search: they are extremely pessimistic about obtaining any funds to run their lobs end
are considering quite different sorts of jobs.

--Assistont Frofessor of Biology, Caltech

The difficulty of acquiring research funding leaves me with g grim impression of my professionol
future. | love ressorch too much 1o contemplate legving this coreer, of least af this point, but |
ofters wonder about the fevel at which | will be able to pursue my professional interests in the
coming years. | om certain that my anxieties on this subjed, ond those of my colleagues, have a
negative effect on the impressions of scientific careers formed by the undergreduotes and grodu-
otes with whom we are in constant contact.

~~Assistant Profassor of Chemistry, U. of Wisconsin

Perhaps the most serious consequence of diminishing prospeds for fuading is the effect it hos in
discouraging graduate students and post-docs from pursuing scientific coreers. As a junior faculty
member, | remain in dose conted with colleagues from my days os o student and post-doc, but
severol of the best of these individuals will not show up in your survey—they have already
chosen to leave science.

—Assistant Profassor of Biology, U. of Pennsylvanio

The responses to the AAAN survey suggest that an the coming vean we can expes? sven fewer
students 1o enter careers in saence than do so now, 1o ronsc that as the cnormous cfforts to im-
prove science and mathematics educanion that were imtiated in the 19808 begin to bear frunt, the
ettt intrastructure they were demgned to support s being progresaiveh eroded.
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Why Keep Science M2althy?

ow much does all of this matter to the nation-at-large? Given that low morale is a problem

for the science commumty, why should the rest of the nation care? Scientists are, after all, a
privileged clas far better ot than many in our sciety, and besides, there are already more crises
around today than our overloaded national consciousness can handle.

The answer is, of course, that scence pays. It is impossible to imagine modern society without
the fruits of 400 years of scientific research. An extensive literature documents the returns to the
economy generated by expenditures on sience and technology. One has only to examine the 1n-
gredients of our GNP 1o see that a large fraction is derived trom the results of the saentitic re-
search of the past 600 vears or s

Fronomusts have estunated that for every dollar spent on the Apollo program in the 196,
s2ven doblans of sconomic activaty was generated in the Amerian cconomy. More recenthy, econ-
omist Fdwin Llamtield of the University of Pennsylvania studied the rate of return on invest-
ments in academic research. His work covered 76 major firms m seven industries: information
provessing, druyes, metabs, eleariaty, chemicals, instruments, and o, FHis assumptions are con-
servative but his result is starthng: the annual sxial rate of return on ivestments 1 scademic
research s no fess than 28 percent.

The taks which are faced by American sience and technolgn today are cruoal as never be-
fore to e wetl bemy of our mation. They include:

& providing the basis for new idustry 1o enbance the quabity of bic of o o
1eens, while extending thase benetits to regons and groups that has ¢ not vet
shared in them,

B ymproving the general health of the populaton while contaming the osts ot
mediead aare,

® understanding the complex Crrcemstances surrounding ccologial and envaron
mental msues and providing gudance to pabicymakers i these arcas,

® developimy alternate sources of energny and subntitutes for srice natural re-
sources; and

8 enhancimg our cubture by expanding our understandimg of the unerse and
humaniy s place it

To carry out these dauntusg tasks 1 an ever more compettive world, we will need more sar-
entists and engineens. Yet demographic projections— such as those ated by Richard Atkinsen in
his 1990 Presidential Address to the AAAS——tell us that we are tathing short of producing the
required number of Pho1). scientists and engineers by about 16,006 each vear. Huge deficis in
the numbe: of techmcally trained personnel {ostimated by ome at up to 7o, 0005 are expected
i the first decade of the 21st century,

Fam aware that such projections have lirge uncertainties, but T should alo pomt out that they
may be underestimated because they tanl to take account of the new demands that will be placed
on sience and technology by environmental problems, energy and natural resources, and the
needs of developing nztions. Given that graduate education depends wo strongly on research
{nding, the finding that faculty members are cutting back on the number of students they tram
means that the current funding situation can only exacerbate future problems m human resources
for science and technology.
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How Much Research
Do We Need?

lmmmd that ihe United States 1s undermvesting in research. The resudt s a drastic dechine in
the moral. of even the best academic researchers, T believe that of VLS. saence 1s gong to
have a chance to help the nation meet the challenges it faces, we must create a new environment
for researct . The ez environment is one in which any talented sCientist can obtain resear h
tunding if 3¢ or she has a good 1dew and can meet the burdn of reasonable review and
resstance.

Since a portion of the current tundmg crisis anses trom the myrease G the number of sien-
ti s, some might argue that 1t would make sense to practice a knd of “scientitic birth control”—
to himit the number of scientists phuing their trade, in order to tund the remainder adequately. Is
such an approach reasonable? The answer o this question depends on how much seientitic work
one teels needs to be done.

There are two wavs to approach the question. One 1 to Jook at nation:, that are domy a good
job economically—nations that seem o be doing well i international cconomivc competition.
The other 1s to look at what society requires of science 10 a broader sense and assess the adequady
of any proposed svstem to meet those needs.

The periond from shortly atter World War 1 to 1968 has often been referred to as the “golden
age” of American science. It was heralded by a report to the President in 1945 by Vannevar
Bush, entitled S.sence, the FEndless Frontier. The “golden age” was charactenized n effect by just
the conditions | now advcate a funding level that permitted tull play to the creativity and
maagination of suentists, As Figure 3 indicates, we are still benefiting from the fruits of that
era. | believe that the creation of a new golden age s notonly aftordable, but holds vast poten-
tral for henetits to the nation.

Fiaure 3  Portial list of Technologies Developed since World War Ii
that are ot the Forefront of Economic Growth.

& b

19

BEST COPY AVAILABLE



Flgure &4 Non-Defense R&D Expenditure as o Percentage of
Gross Domestic Product
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Sosrce: Coumrl on tompetsisvencss and Nattonal Sexence Foundunion

The world of the 199t 18 a far ¢y fram 1968, o the late 196tk the United States was the
undisputed leader in world scrence, Our basic research establishmient was turning out results that
waould tuel the boom i Sthcon Valley and establish new centers of information technology on the
outskirts of our major aities. Medwaal techniques we now consider routine—CATT scans, for ex-
ample, or magnetn resonance imagang-— were still gleams in the eyve of basic rescarchers or in
the early stages of development. The future was bright and there seemed to be no hnits to our
dreams.

‘Tiday, after 20 vears of gradual attriton, the effects of wnich ave vivadly documentad in the
AAAS survey, the future no longer looks so bright. The United States can no longer claim un-
disputed leadership in world science. Western Furope and Japan both have thriving scientific e
tabhshments, offering both collaboranon and competition w their America, colleagues. Figure 4
shows funding for nondefense RS as a fraction of GNP in several countries including the
United Mates. “The story i all too clear. Our own expenditures have remained almost constant
during the past two decades, while those of Western Furope and Japan have grown. Measured

Q
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granst our most successtul international competitors, then, the current level of rescarch funding
n the United States s evidently inadequate.

Fawking toward the future, Figure § hists some “emerging technologies™ wdentified by the e-
partment of Commerce, which are projected to have a total economic activity of about $1 trillion
by the year 2000, The connection of these technologies with mastery in the relevant fields of sa-
ence and engineering should be obvious. The question the nation must ask of its policymakers is:
What fraction of this huge sum will belong to the United States?

The second part of the answer involves the huge tasks and enormous vpportunities facing si-
ence and science-based technology today. These have been outlined above, and include improv-
ing the nation’s health, economy, and quality of life and tackling the complex of eavironmental,
energy and resource provlems that loom ahead. Whether we will be able to meet these demands
and exploit these opportumties depends to a large extent on bow well we will be able to recrust
young people into wience and engineering studies. This has been recogmized by the President,
the nationX governors, and by the Congress.

Support for science education, with recent emphasts on the elementary and secondary levels,
has been increased impressively. States and communities across the nation are instituting reforms
in an excalating effort to catch up to our foretgn competitors whase children do so much better in
international asessments. A major part (hy no means the entire part) of this effort s to increase
the flow of American children into science, mathematics and technology, Without this effort in
wience education, our research capabibity both in and out of academia would increasingly depend
on imnangrants for whom there 1s increasingly vigorous world-wide competition. However, if
we jgnore the health of the academic research system, this entire eftort will surely be
compromised,

I would argue that it is unwise to attempt to solve the present crises by reducing the number
of scientists at our universities. Not only would this reduce our ability to solve our nation’s prob-
ferms in the short term, but, even work, it could start a downward spiral in the size and quality
of the U8, academic research svstem that would be difficult, it not impossible, to reverse.

Figure 5 Gritical Technologies

Somrce: V.S Department of Commerce,
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An End to the Frontier?

he warning in the AAAS survey is clear American xcience shows signs of extreme stress.

Morale 1s declining, students are turning away from science, and American leadership in xi-
entitic research, as measured by published papers and Nobel prizes, is threatening to go the way
of the automotive, tire, machine tool, and consumer electronics industries. ®

The imphcations of the Joss of such leadership are immense, Just as the “brain drain” drew
talented sientists from Furope and the Thind World to the United States in the 1950s and
F960s, s tov will vame American scientists (and potential immigrants) follow the frontiers of
their filds to Furape, the Pacific Rim, or wherever they might be in the future. The pipehine
of new research that has nourshed vur high-tech industry will dry up, crippling our abihity to
compete in a world where science and technology play an ever more important role.

We can already see ominous signs in economic trends. In 1986, for the fing time 1n history,
the Unites States imparted more high-tech manufactured products than 1t exported, Residents of
foreign countries now receive almost half of the patents granted by the ULS. Patent Oftice. And
the three corporations registering the most U8 patents last vear were Canon, ‘Toshiba and
Hitache.

Fnally, we should not neglect to mention the more subtle, Jess quantitiable but nonctheless
profound influence that saence har upon society. We are a great nation which must value the cul-
ture that the success of sience engenders. This success permeates society, generates self-confi-
dence, inspires our yauth, creates  sense of endless frontiers o the human mind and of human
asprrations which would otherwise become increasingly contined 10 an ever-shrinking world.
The loss of this sientific and technological exuberance would be another heavy price to pay, per
haps even the greatest penalty in the long run, for the decline of the rescarch system.

The tull effects of the impoverishment of basic rescarch will not be felt next vear or the year
atter. We have been living on our accumulated scientific capital for a while, and we wall proba-
blv be able to do so tor a while fonger. But it we persist on this course, we can expect to we
Ameria position in the world gradually weaken. We will watch as our technology-based prod-
ucts hecome fess and less competitive 1 world markets. By then, of coure, it will be too lte.

It 1x the long: term nature of the enterprise that makes the isue so dangerous. Once we began
to weaken, there are niany feeaback forces that tend to aceelerate the dechine. The best people
move on to other autivities. Students are no fonger attracted. The stream of immigrants dimin-
ishes. The essential intlux of young investygators dries up. Within the range of possible outcome
are both acceptable and unacceptable comequences. Yet to wait rather than take action now i to
ovite a situatton that will be difficult and very smecomuming to reverse.

*1t o~ worth noting that the budk of £ 8 Nadud presses n ety s hune Been el on weork done betore 190
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large-scale anecdotal survey of some of the most capable and productive TS acadennic xr-

entists has been carried out. The results are a clear warning that all i tar from well i the
laboratories of our research universities, The depressed state of the academic saentific communi.
ty is attributed to a fatlure of our system of science funding to recognize and mantam the esen-
tial needs of a healthy infrastructure.

Science tunding has increased steadily in the past several years, vet it is apparent that current
levels are far below what is required for healthy, even lean, waence. Perhaps this may give some
pohicymakers a scnse of trustration at the “ungratetul and insatiable wientists.” Yet we are not
alone in seeing this problem. Warnings have been creeping up everywhere. Almost five vean
ago, the Packard-Bromley report documented an obsolescence of umversty rescarch equipment
and evaluated the cost of renovation at $16 billion., Since beconmung the President’s Srence Advi-
sor in 1989, Allan Bromiey has continued to speak out about underinvestment i research, as
has Frank Press, the President of the National Academy of Sciences, There s an emerging con-
sensus among science pohiey leaders that we are not making the long-term investment in rescarch
required to restore our economic and scientific leadership.

The Umted States today finds ttsclt shipping i ats abshty to compere with dynamisc soueties
abroad. The new Furope, Japan and the Pacific Rim nations are moreasing therr imvestment in
rescarch, having already surpassed us in the various activities needed to convert research results
to economic benetit. 1t s up to us as a nation to decde whether the U8 will remuin @ magor
plaver in world science and soience-based technology or whether we will continue to Wide.

One could argue that since the results of basic research are globalhy avarlable, we nead nin-
tan only the atuhty to read the scientific literature 1 order to compete m technologn. However,
the current large increases in Furopean and Japanese mvestments in basi rescarch and the dygme
ty of a great nation argrue against this. Looming over and above the economic facton are the
complex issues o ecology, energy, and natural resourves i a world which must, i the next cen
tury, see vast development in the South. Such development cannet be sustaned without rescarch
to create the technologies which are required to reduce the uncertantios in environmental predi -
tons and to solve the energy-ecology problem.

What would it take to relieve the acute problems moacadenic rescarch and restore 1780 w0
ence to its pre-1960% excellence? Let us consider this question independently of “pracical™ con-
stramts dictated by current events. My analysis of the complexity tactor, the growth of new
areas, and the increasing costs of research indicate that we should be spending at least taice as
much as we were in 1968 (in constant dollars) if we are o appraach the conditions of the golden
age. Indications from NSE NIH and DOE tend to confirm the pressure for a doubhing ot the
current level of funding for academic saence, which amounts to about $10 bithon a year. This
huge sum could, T believe, be effectively deploved 1 two or three fiscal years,

Beyond this, in future vears, I would argue that the growth of four percent per yvear i the
number of academic scientists and the complexity factor growth estimate of five pereent per vear
imply that a sustained flourishing of acadenic research requires annual real growth -f eght to
ten pereent. It has been estimated that this kind of growth would move the proposal success rate
in NSE and NIH zloser to 50 percent from the present muck lower levels, Such an increment
may sound substantial in our current chimate, but as the econ . ny responds, academie rescarch
would remain only a tiny fraction of total federal spending fo- nany decades. Furthermore, even
with such increases, it would be a decade or two hefore our level of nondefense research expendh-
ture proportional to GNP would equal the 1989 levels of Japan or West Germany:

Can we afford this kind of money? In 1980, the President of the Umited States convineed the
Congress and the American people that we must double the defense budget to $300 tallion a
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vear. This was done and somchow the natton was able to absorh the cost. In 1994, the threat to
the security of the nation lies in an endangered saientific mtrastructure. The required sums are

substantially smaller. The danger s Jong term but the longer we wait, the more ditticult will be
the remediation.

et us for the moment accept that this mvestment in saence funding s in fact required. How
shall we proceed? In the present chmate of defiats and escalating demands on the federal budger,
there arises a tundamental policy dilemma, The tederal deficit, the savings and loan badout, the
Persan Gult ¢riss are real and immediate. The crisis of” American saence, no matter how sers-
ous, is a Jong-term attair— it is for our children and our children’s children. Given the chanu -
teristic short-term philosophy that has donmynated American policy for the past several decades,
we have nostlusions as to the probable tate of our recommendation.

Nevertheless, strong etforts must be made immediateh 1o strengthen federal funding for re-
search. Appropriations of NSE NIH, DOL, and other federal agencies that support academi
research should be increased sharply as soon as possible. Bevond this, however, i order to alle-
viate the dilernma of short-term priorities and fong-term problems, T recommend that serious of-
torts be made to find innovative ways to fund academic research on a natonal sale outside of the
regular federal budget, One approach might be to establish a trust tund supported by special
taxes on high technology consumer products that benefit from bisic research. Another possibehity
is to form a partnership between the government and the myestment commumty. One can con-
template government bonds, designated for rescarch, with interest keved to the returns on that
rescarch.

1o v estigate such possibalities and others, Fam recommending that & Commussion b estab-
hshed consisting of representatives from the Faccutive and Tegslative Branches of the tederal
government, ndustry, the finsncial commumty, and the acdenic communitt, XAAS should take
the itiative in promoeting and organizing such a Commission.

In addition 1o exanmming funding mechanisms, the Commssion could abo Took at ways of
improving the efheiency and the strategic planming of research funding and wavs of asuring
that academic research serves the nation most eftectively. An asortment of problems we have not
been able to address in this report ¢my for attention. [ am, of course, aware that academic soaence
s not the only component of higher education, and that the health of acadenma as 4 whole must
be addressed. University sssues such as graduate student support, the effect of new tax pohices
on philanthropy, student stipends and the abilitn o institutions to rase capital should be exam-
ined where refevant to the rescarch environment. The contentious msues of balance between g
science projeets and ndividual mvestigator rescarch, and the role of enters versus project grents
absor demand attention. It wems entirely appropriate for ANAS. . collaboration with ather wpe
mzations, o foster creation of @ Commisston to muke a broad study of what 1t will take to ke
U8 wience whole agin and to design an appropriate strategy. T stress that the time i short ind
the issues are urgent.

In concentrating on funding, 1 am aware that there s much we must doin thiae cricd s
tties which connect research results to economic utihtv, Thew involve subrlcties of techaolync
transfer, tax laws, marketing and other functions' which the scademic commumty has teadtonal.
by sgnored, but with which it must learn to intertace more gracetuily, The Comnusson shondd
mclude this important area in its charge,

Apa 1 from establishing the Commusion, the AAAS Board should miske the communt ation
of the precanious state of U8, wience a high priorits, The best efforts of the Asooation must be
apried to create an environment where the bealth of Amenan soenee s adehy percaved o e
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essential to the future of our nation. “fo that end, AAAS must provide leadership in rallying all
segments of our society to the cause of rescuing ULS, science.

I conchade this report with an excerpt from Vannevar Bush’s Jandmark report, Sciemce, the
Endless Fronsser, which in 1945, set the nation on a course that has had profound consequences
tor ats well being:

11 haas been bassc Umited Ssates policy that Government should fosier the openmg of nest:
fromtsers. L1 opened the seas 1o clapper ships and furnished land for pioneers. Although these
Promtsers have more or less duappeared, the frostier of sciende remams. 11 1 1 keeprng weath
the Amertian traditson—one which has made the Unsted Srates great—that new frontiers
shall be made dccesssble for development by all Amerscan cirzens.

Moreover, ume health, well-berng, and secursty are proper comierns of Govermment, scien-
fific progress 15, and s be, of vial intevest 1o Government. Withowi scsemtsth progress the
nanional health wonld detersorate; usthout ssentific progress wwe conlid not hope for rmprove-
wiens 1 cur itamdard of Irving or for an encreased number of jobs for vur crrzens; and wsthour
screanfic progress we cowdid wov Aave mamiasned our liberties agamt [yranny.
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