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The Research University:
Domg Good, and
Doing It Better

Academic research
has been central to
U.S. science policy
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vital to the U.S. economy in the futire. Implicit in this
program appears 1o be an expectation that the fonding
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pattern. This is as true of the Peo-

ple’s Republic of China and the So-
viet Union as it is of Western Europe and Japan.
Everywhere one sces movements to introduce US.-
style grant making and peer review, not only in uni-
versities but in other types of research institutions as
well.

Morcover, in almost every country, the mode of
rescarch support in universities i being gradually
shifted away from institutional and block grants com-
ing out of ministries of education toward competitive
grants coming out of minisiries of science or research.
The Chinese, for example, have been irving to createa
rough equivalent of NSE to which university depart-
ments will submit applications for rescarch funds that
will be evaluated competitively by panels of pronti-
nent scientists. In Burope, each country is developing
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some kind of competitive grant program administered
by national research councils. The fraction of total
research support in foreign universities being allocated
in this way is still modest in comparison to that of the
United States, but the trend is unmistakable.

Even in the United States, the university compo-
nent of national R&D is small, as noted. But this
apparent smallness is partly an artifact of the enor-
mous relative weight of the “D” in the national statis-
tics, particularly the part arising from military R&D.
Two-thirds of all federally supported R&D is develop-
ment, but if defense work is subtracted, less than one-
third of the civilian R&D remaining is development,
and the balance is basic and applied research. When
research only is considered, the universities account
for about 25 percent of the total; and for “basic re-
search,” as defined in the NSF statistics, universities
account for more than 50 percent.

This latter fraction represents a substantial
growth in the relative role of universities, up from
about 35 percent in the early 1960s. The increase is a
by-product of the great expansion of universities and
graduate education in the “60s resulting from the wave
of the “baby-boom™ generation; the size and research
capacity of universities has been basically determined
by student populations in combination with an aver-
age studeni/faculiy ratio that has remained more or
less constant. The political stimulus provided by Sput-
nik was also an important factor, though I personally
think its role has been exaggerated.

The fountainhead of innovation
The U.S. science policy agenda was established quiie
firmly, in the years immediately following World War
H, by Vannevar Bush in Science, the Endless Frontier.
That report to the president, which has essentially re-
mgined the charter for nationat science policy up 1o
the present day, has sometimes been called a “social
confract” between the science community and soci-
ety—a promise of social benefits in exchange for an
unusual degree of selfgovernance and financial sup-
port fiee of sirings. Universitics were the centerpicce
of this charter—indeed, the only institutions to which
it seemed to apply expliciiy—although some of the
autonomy accorded to universities often rubbed off
onio other instifutions as well.

One could say that the scientific community—
mainly the academic community—drew on the credit
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deriving from the wartime success of the Office of
Scientific Research and Development (OSRD) to
strike a new bargain with socicty. Even though most of
the OSRD work had been applied R&D specifically
directed to the war effort, much of it had been con-
ducted at, or managed by, university centers in which
academic scientists had played a leading role. The
accomplishments under OSRD had shown, or were
interpreted as showing, that “impractical” academic
scientists were capable of attacking very practical
problems and managing large coordinated efforts suc-
cessfully. The atomic bomb in particalar had shown
how the most esoteric science could lead, under forced
draft in the right circumstances, to spectacular techno-
logical developments, and the universitics were the
principal beneficiaries of this perceived accomplish-
ment of science.

The implicit message of the Bush report seemed
to be that technology was essentially the application of
leading-edge science and that, if the country created
and sustained a first-class science establishment based
primarily in the universities, the generation of new
technology for national security, economic growth,
job creation, and social welfare would follow almost
antomatically without explicit attention to all the
other complementary pieces of the innovation system.

The remarkable accomplishments of industrial
production during the war led to all the activities com-
plementary to R&D being taken for granied. As a
result, the Bush report was inferpreted as describing a
linear picture—a onec-way flow of ideas from fimda-
mental research, through applied research and techno-
logical development, to commercialization and
operational application—that was probably neither
believed nor intended by its authors. Nevertheless, it
was interpreied that way, and for many years nobody
spoke up to contradict this simple and appealing
model of the genesis of technological innovation. It
provided a paradigm that still has political potency.

Bui even if the simple linear modei has been dis-
credited, this does not mean that 3 sirong scientific
base is not essential to vigorous technological advance
in the long term. Many of the mosi visible success
stories of U.S. technology—microelectronics, com-
puters, telecommunications, jet aircrafl, high-perfor-
mance materials, pharmaceuticals, space
applications—have been heavily, though not exclu-
sively, dependent on recent advances in science. And
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in the mid-1970s, just when public skepticism of the
economic value of basic science was growing and the
center of gravity of innovation in fields such as coro-
puters and microelectronics had clearly shifted to in-
dustry, biotechnology came along. This new field
appeared as uniquely the product of a sustained na-
tional investment in the esoteric and seemingly “use-
less” field of molecular biology, an investment magde
almost entirely in academic or government labora-
tories. Thus the story of the atomic bomb appeared to
be repeating itselfin a civilian setting, and public faith
in science as the fountainhead of innovation was re-
vived.

Even while some U.S. scholars were questioning
the importance of the nation’s research universities,
foreign observers were extolling them as a principal
source of 1.8, competitive strength in high technol-
ogy. And thousands of foreign graduate students and
postdoctoral trainees were voiing with their feet, ea-
gerly participating in the U.S. research university and
often aspiring to remain in the United States as long as
they could.

Trouble in paradise

The fundamental role of academic science does not
mean, however, that all is well with the universities.
Most noted is the steady deterioration of the research
“infrastructure.” Even in some of the most renowned
academic centers, research equipment is decidedly be-
low the state-of-the-art levels that the better corporaie,
government, and national laboratories can generally
take for granfed. This problem is being attacked, but at
a snail’s pace, and mostly by the Department of De-
fense, a fact that leaves a number of observers of the
academic scene ambivalent and nneasy.

The guestion of the disixibuiton of resources for
academic science also remains a continuing and polii-
cally contentious issue. The debaie is between those
who contend that, in a fime of siringency, resources
need to be concentrated in “crtical mass” efforts in
fewer places (in order to avoid dispersion of limited
fimds and equipment among many claimanis) and
those who contend that existing research funds are
abready too conceniraied in a few prestigions institp-
tions (where well-known investigators understand
bhow to “work the system™).

Critics also contend that the system of selection of
research proposals tends to reinforce the existing sci-
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entific “paradigms™—that truly novel and offbeat
ideas and investigators, and investigations cutting
across the existing disciplinary boundaries of universi-
ties, are discriminated against. Even within the rank
and file of the working scientific community, there is
increasing suspicton about the fairness and efficiency
of the project-selection process that granting agencies
apply to university research.

Although there is little, if any, evidence of any
consistent bias against investigators who are young,
embarking on a new field of research, or who come
from institutions other than the best-known research
universities, one must nevertheless acknowledge the
“Mathew effect” (originally pointed out by the pio-
neer sociologist of science, Professor Robert Merton of
Columbia University). This is the cumulative advan-
tage accruing to scientists who have received financial
support in the past, have thus been betier able to estab-
lish a track record and acquire a reputation, and con-
sequently enjoy a more favorable evaluation of their
research proposals by peers.

Yet surely such self-perpetvating advantages are
not confined to participants in academic science; on
the contrary, they are inevitable in a society that
siresses competition and individual achievement. The
fact of the matter is that few, if any, of the critics of the
present peer review system have been able to propose
a convincing alternative that promises to be either
fairer or more cost-cffective for the advance of science.
Nor are the critics able to poini to alternative models
in other countries that produce demonsirably superior
outcomes in the academic research system.

Conditions for doing good science

A possibly superior mode of research support is evi-
denced outside academia—in a small number of cor-
porate research laboratories of large high-tech
companies, such as IBM and GE, and in the pre-
divestiture Bell Telephone Laboratories. The Iatfer is
probably the ideal model for a siable institution that
has produced fundamental research in direct compe-
tition with universities. I have had occasion to sit on
“search committees™ for academic appoiniments of
young scicntists, where individuals from corporate
and academic laboratories were regarded as being in
head-to-head competition. The tesearch in a few of
these corporaie laboratories is just as “basic” (by any
definition, except possibly the motivation of the spon-
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sor) as that in universities, though
it must be remembered that this
type of research probably repre-
sents Iess than S percent of the total
R&D expendrures of the parent
organization.

When one of these corporate
laboratories recruits a bright young
scienfist, it makes a commitment
to provide him or her with a rea-

The present
environment of the
research university may to make much longer-term gam-
be selecting against a

certain type of

10 stick too long with lines of work
in which he or she has already ac-
quired an external reputation. The
performance of the corporate re-
searcher ofien reveals a willingness

bles on new lines of investigation,
and greater novelty is exhibited
than in the work of the peer of
comparable intellectual ability

sonable level of logistic support in § C;’l() Z ar. ZJ/’ lﬂd l vidual— from a university background.

the form of equipment, expendable
supplies, and shop and technician

one with a truly

In the search committees I
mentioned, I have been struck by

services, This commitment usually LOVG-FANZE agenda and tow ofien, in comparing the prom-

continues as long as the research-
er's work appears scientifically

vision but a relatively

1s¢ and accomplishments of a
young physicisi from academia

rewarding and important. nonaggr€SSiV€ with another from industry, we
iy Tor dfonding o wlommes” o DErsonality and a2t v O e i
overall company interests and dlS taste fbr culty involved in launching a novel
strategy in a general sense, while " : rescarch program in a university
the individual’s responsibility is Sezf‘p TOMOLLON.

largely to do *good science™ as

setting. Furthermore, because the
environment of the industrial lab-

Jjudged on a world standard by col-
leagues.

In the modein research university, by conirast,
facuity appointments (at least in the natural sciences
and engineering) are more lke “hunting licenses™ that
authorize the individuals 1o sally forth and persuade
some potential external sponsor in government, -
dusiry, or a private foundation that they have a worth-
while research program iIn mind. Depending on iis
internal resources, the academic institition may
swegten the pot by providing some basic infrastruc-
fure, such as reimodeling a laboratory to the research-
er’s reguirements or perbaps purchasing some basic
equipment {if the institution is very affluent or par-
ticularly anxious 10 recruif the individual), but for the
most part the young scienfist ison hisor herownina
highly competitive world with, at most, startup sup-
port from the Instiiution.

There 15 disturbing evidence that ibis stiuation
places fhe young assistant professor in 4 university at a
sertous disadvaniage compared to 3 young scienfist at
a similar career stage in one of the best corposaic
laboratories. Too much of a premium is placed on
short-term publishable results, which encourages even
the most entreprenentially minded young investigator

52

oratory allows much more time for
the gestatton of a novel approach,
some very creative industrial researchers iended to be
ruled out as candidates for university posts because of
a feeling that their rather retiring personalities would
roake it difficolt for them to function in the competi-
tive grant-selling milien of the research university.
Thus, I believe that the present environment of
the research university may be selecting against a cer-
tain fype of scholarly individual--one with a truly
fong-range agenda and vision but a relatively nonag-
gressive personality and a distaste for self-promotion.
This is hard fo prove, of course, but a number of
senior scholars have reported similar observations.
The stuation 1s hikely fo worsen, moreover, as the
competition for limited funds in universities contin-
ues 1o infensify.

Reintegration of the disciplines

One may well ask, if conditions for pioneering re-
search in the universities are so bad, how can they
continue to recruit or retain first-class research fac-
uliy? There are probably three reasons. First, there are
only a few fields in which universities are in direct
competition with the handful of indwosiral labora-
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tories engaged in high-quality basic science and that
recruit only a small proportion of the outstanding
PhDs turned out each year. But these fields, among
which advanced engineering is one of the most impor-
tant, are exactly the ones most directly related to fu-
ture U.S. indusirial competitiveness, and there is
considerable evidence that the universities are becom-
ing less successful in recrniting the best people.

Second, the opportunity to teach and work with
graduate students is still a very important drawing
card for the most creative minds. The need to organize
a subject for presentation to bright but relatively inex-
perienced (and open-minded) young people is per-
ceived as a great stimulus to creative thought about
one’s own research.

Finally, the universitics may enjoy some advan-
tage just out of sheer tradition. In theory, it is universi-
ties that embody most completely and firmly the
values of science. If these values are under threaf, per-
ception may not yet have caught up to reality in the
minds of young people who are making career deci-
sions.

Meanwhile, there has been considerable experi-
mentation in universities. More sustained types of fed-
eral support, built around a coherent area of research
in a single institution, are being made available to
groups of investigators. Faculty members who belong
to such groups have much more local control and
determination of rescarch directions and priorities;
and such “core support” in a programmatic area puts
them in a better position to test out new ideas in a2
preliminary way before puiting forward more con-
crefe and documented competitive proposals. This
kind of core support has been especially vatuable to
young investigators starting out in a new institution, as
well as to senior scientisis wishing to start a wholly
new research field. It enables the direction of research
10 be guided much more immediately by the evolution
of findings; while the competitive grant system tends
10 ensure that new rescarch ideas and directions are
carefully thought out in advance, it also fends io slow
the process of redireciion of the research agenda.

Such core support programs have been difficuli to
defend politically because of the privileged position in
which their members seemed to be placed in the com-
petition for normal project grants. Combined with this
is the fact that broad programmatic granis tend to be
located mostly in the larger and more prestigious uni-
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verstties. Thus these programs are continually on the
defensive in the internal battle for funding within fed-
eral agencies that also administer more traditional
project grant programs.

Nevertheless, I believe that programmatic re-
search programs will have to assume greater impor-
tance in the future if the research universities are to
remain major players on the U.S. research scene, Not
only have these programs helped some institutions to
better compete with industrial laboratories, they have
also enabled universities to overcome some of the bar-
riers separating the disciplines. Major advances are
becoming more and more dependent on bringing to-
gether the tools and insights of several specialties, a
trend that Lewis Branscomb (director of the Science,
Technology, and Public Policy Program at Harvard
University) has characterized as “the reintegration of
ihe disciplines,”

The cost of the necessary infrastructures means
that whole institutions may have to specialize—in a
programmatic sense—while facilitating access to and
participation in these programs by people who are not
part of those institutions. This is already the practice
1o a considerable extent with respect to centers that are
built around major, one-of-a-kind machines such as
accelerators, optical telescopes, and supercomputers,
but it may be necessary to adopt it as well for interdis-
ciplinary research centers: An increasing number of
research topics, engineering design projects, and even
laboratory training courses require the coordinated
use in a single investigation of several complex and
expensive iools.

Such arrangements will be assisted by the mar-
riage of modern telecommunications and data pro-
cessing, which permiis use of facilities by remote
access and thus reduces the need for travel or disrup-
tion of teaching schedules. The full exploitation of
such networks by dispersed groups of scientists may
require a great deal of imagination, but it is likely to
cotiie as the movement of information and the mas-
saging of data become ever cheaper and more frans-
parent to ihe user.

College for public knowledge

Universities are uniquely the locus of both the genera-
Hon and the diffusion of publicly shareable knowl-
edge, whereas industry naturally tends to be the Tocus
of proprictary and competitive research. Under some
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circumstances—in fields that are stitl relatively distant
from commercial application and where no one group
or investigator has the capability fo achieve a monop-
oly on potentially relevant knowledge—the state of
knowledge advances more rapidly if it is widely shared
in an open environment, a fact that is well recognized
by industry and is the main justification for the main-
tenance of corporate research laboratories with a uni-
versity-like  atmosphere. This occurs with basic
research and, to an increasing degree, with “generic”
technology development in its early stages—mprior o
crystallization into specific product designs or the
emergence of a dominant design. Even some kinds of
specific industrial knowledge are better treated as
“public goods.”

The guestion is, where does the balance lie? As
innovation hecomes increasingly based on recent sci-
ence, | believe that the balance tends to shift in favor of
public research. That is ong of the reasons why govern-
ments are so much more involved in industrial inno-
vation than they were in the nineteenth century. Yet
there is still 2 good deal of room for disagreement
about the boundary between public and proprietary
research, and the firture of the research universities in
the United States has a great deal to do with just how it
is drawn in the next few decades.

In Japan, the balance between private and public
knowledge has been struck at a point much closer 1o
proprietary knowledge than in the United States. This
is reflected in the fact that nearly 75 percent of the
total Japanese R&D budget is paid for by private in-
dustry, as compared to something in the neighbor-
hood of 50 percent in the United States and Europe. It
may also be reflecied in the fact that in Japan the
universities are much weaker players in the research
game. A great deal of advanced training bevond the
bachelor’s level, especially for engineers, goes on
within industry and on the job, and i is much more
company-specific than in the United Staies. This situ-
ation 1s facilitated by the practice of lifetime employ-
ment in large firms, which assures the firm thai
proprictary information communicated in {raining
will remain proprictary.

There is a serious question, however, whether this
approach cap confinue fo be viable as Japan makes
the transtfion from a follower to a leader in advanced
iechnology. It appears that the Japancse have hitherto
drawn heavily on the open research system of the
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United States, but they may well be forced to move
toward greater dependence on their university system
for public research.

But although a strong and vital university re-
search system ig an essential ingredient in technologi-
cal innovation and long-term competitiveness—at
least for a large country at or near the world techno-
logical frontier, such as the United States or Japan—it
cannot be the prime solution. The universities have
few competitive advantages in the conduct of propri-
etary research, and if they did they would cease io be
universities as we have known them. Although co-
operatton between universities and industry is desir-
able and beneficial to both sides up to a point, it needs
to be constrained within the fundamental notion of
public knowledge that lies at the basis of science.

Thus the research universities wounid do well to
avoid capitalizing too enthusiastically on the present
political concerns about economic competitiveness,
for this could create unwarranted and unrealizable
expectations that could later lead o public disillusion-
ment. In my view, the competitiveness problem in the
United States does not arise primarily {from its perfor-
mance in R&D, and cannot be cured just by increased
R&D support or by the restructuring of its R&D sys-
tem. The present emphasis on university rescarch is
not necessarily misplaced, but I question the implicit
assumption that if we just get university research right,
and properly supported, everything else will take care
of itself. The application of the output of research to
the economy depends on too many complementary
investmenis, institutions, and private and public poii-
cies—and on actions having litile to do with R&D.

In their own longrange selfbinterest, therefore,
the universitics need fo address the competitiveness
problem not just as an opportunity o enhance public
stpport for university rescarch but as an inteliectual
challenge in #s own right—10 be atfacked in ihe {radi-
tional mode of objective scholarship, letting the chips
fall where they may. Only in that way will they be able
1o retain credibility for the part they must play in a
healthy national inpovation system for the fufure.
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