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RESEARCH UNIVERSITIES AND 
INDUSTRIAL INNOVATION IN AMERICA 

Ever since the mid-1970s, a belief that the future 
well-being of the American economy depends on a re
newed national commitment to technological and/or 
industrial innovation has become more pronounced 
and widespread. Those who profess this belief usual
ly invoke the innovative character of past American 
economic development and then assert that in recent 
years the United States has begun to lose the role of 
international leadership in industrial, scientific, and 
technological innovation. In this context the idea also 
is advanced that American research universities have 
been vital contributors to innovation in science and 
technology in the past, and therefore a successful 
recommitment to such innovation depends essentially 
on leading participation by American research univer
sities. As usual, when a majority of the public sub
scribes to beliefs and ideas, there is some truth in 
them-but no one simple truth. Some reflections on 
the relationship of the modern American research 
universities to innovation in science and technology 
may help to sift out reality from unwarranted assump
tions and reduce some confusion. 

THE FOUNDATIONS OF THE 
CONTEMPORARY UNIVERSITY 

It is certainly true that the contemporary major re
search universities are distinguished by a great empha
sis on science, and increasingly on technology as well. 
But the extent to which these universities are the foun
tainhead of innovation in science and technology is at 
least arguable. And on the record, major research un
iversities have not been a major-not even a signifi
cant-direct source of new products for the market
place. The major research universities do perform re
search, but they remain primarily teaching institutions, 
and their chief role is to develop and train human tal
ent. The vital link between the major research univer
sities and the advancement of science and technology 
in the United States, therefore, can be discovered 
mainly in the pool of talent which the universities both 
harbor and produce. 

Today it is difficult to remember the only very re
cent origin of much that is taken for granted in the 
contemporary American university. As of now, for ex
ample, no one would argue that the whole university 
is dedicated to the spirit of free inquiry . Yet the fact 
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is that this tradition is scarcely more than a century 
old-precisely as old, by no coincidence, as the scien
tific character of the modern university. In its begin
nings, the university, of course, was already committed 
to knowledge and truth, but the knowledge was re
ceived knowledge, and the truth revealed rather than 
discovered. For centuries, the university as an institu
tion was tied inextricably to established religion and 
served primarily to refine and transmit established 
knowledge and to train human minds to function with
in the confines of God's word and established faith. 

Thus, in the early nineteenth century, when Wilhelm 
von Humboldt achieved the reform of the Prussian 
university by insisting on freedom of teaching and 
learning, he had in mind a highly specific concept of 
freedom: freedom from religious orthodoxy. And
as important-learning took on a second meaning be
yond the original definition of absorbing all that was 
already known: learning began to mean inquiry as well. 
It is useful to note that von Humboldt's reforms were 
of course achieved only with the support of the Prus
sian government, and the statesmen of Prussia sup
ported him explicitly because they wanted to foster 
their state's industrial development. The Prussian 
government perceived the linkage between scientific 
training in the universities and the application of sci
ence to and in industry, and so they sponsored the 
emergence of the research university. Ideas that had 
earlier been heresy-that truth required proof rather 
than faith, that knowledge could be advanced by dis
covery, that to question the wisdom of the past was 
not only legitimate but indeed necessary, and that facts 
were so objective that no known fact was sacred
were ideas now embraced within the university. Profes
sors and their students were set free to search for the 
new and to seek proof for discovery. 

In the United States the modern research university 
was not fully established until the opening of The 
Johns Hopkins University in 1876, with an explicitly 
acknowledged debt to the ideas of von Humboldt. 
Within a few years thereafter, graduate research pro
grams began to sprout throughout American higher 
education, atop the established collegiate foundations. 
Even before then, however, the government of the 
United States had also perceived the linkage between 
the education of talent and national development. The 
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Wilhelm von Humboldt achieved the reform of the Prussian 
university by insisting on freedom of teaching and learning .... He 
spoke not only of freedom of teaching and learning, but also of 
the identity of research and teaching. His credo was that inquiry 
was an indispensable part of teaching ... . Ideas that had earlier been 
heresy-that truth required proof rather than faith, that knowledge 
could be advanced by discovery, that to question the wisdom of 
the past was not only legitimate but indeed necessary, and that facts 
were so objective that no known fact was sacred-were ideas now 
embraced within the university. 

Karl Wilhelm von Humboldt (1767-1835) 

Morrill Act, enacted during the Civil War in 1862, 
fostered the establishment of colleges specifically to 
educate talent in the agricultural and mechanical arts 
so that farming and production could spread more ef
fectively across a whole continent. The land-grant col
leges were not founded as research universities, even 
though they later became such, but the emphasis on 
the practical and its application in their founding set 
their professors and students free from the old rigidi
ty of religious orthodoxy and received knowledge as 
well. 

The devices that symbolize the industrial and tech
nological revolutions of the nineteenth and twentieth 
centuries-whether one thinks of the steam engine, the 
cotton gin, the automobile, the telephone, the tele
graph, the radio, the airplane--were not developed 
within or by the university. Indeed, the more venera
ble of these devices were invented before the universi
ty as an institution had itself been transformed by 
science. But the application, maintenance, and con
tinued refinement of such devices throughout the 
American economy depended upon a pool of trained 
talent which was-and is-a product of the American 
research university. That statement requires amplifi
cation. But before that amplification can be most ef
fectively performed, it is necessary to observe a major 
second stage in the evolution of the major research uni
versity in the United States-its mobilization into na
tional service. 

TRANSFORMATION BY MOBILIZATION 
Until World War II, the American research univer

sity as an institution became progressively more sci
entific, but it did not grow hugely in size, nor did it 
develop significant new ties to the industrial commu
nity. The most interesting evolution of the period oc
curred so quietly and naturally that no one ever seems 
even to have remarked upon it: namely, the employ
ment of doctors of philosophy by industry. Before the 
1890s, there were, in effect, no American Ph.D.s in 
existence, and the degree was introduced to mark the 
highest level of advanced preparation for an academ
ic career. However, well before the outbreak of World 
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War II, industry had research departments and labo
ratories, and, to staff these, employed Ph.D.s and used 
professors of science and engineering as consultants. 
Thus, the high quality of the research done, for ex
ample, by American Telephone and Telegraph, Gener
al Electric, and E.!. Dupont de Nemours & Company 
did not depend on close relationships to one or more 
particular universities as such, but rather on the fact 
that their leading scientists were drawn from the most 
advanced university graduates and had the same level 
of training as future professors. 

With the outbreak of World War II, inevitably the 
mobilization of the whole nation also included the 
universities but went far beyond the traditional call of 
students to the colors and the enlistment of physicians, 
nurses, and other specialists into service. Technology 
played an unprecedented role in the war effort. Not 
only were university specialists called to work on tech
nologically sophisticated projects, but universities were 
requested to sponsor new laboratories to do research -
for military purposes. Nor was this a short-term ef
fort. While the war as such ended in 1945, it was fol
lowed immediately by the so-called cold war and the 
Korean War; and, in fact, the period of national 
mobilization lasted fully for at least thirty years-until 
the closing of the Vietnam War. To a significant ex
tent, mobilization still persists into what is now a fifth 
decade. In addition to university laboratories, new 
government laboratories were established in large num
ber and variety, and more and more these too drew 
for research staffing on the Ph.D.s coming out of the 
university graduate schools. 

As defense technology kept widening to include 
space, chemical and biological warfare, electronics, 
and virtually all materials, the concept of the nation
al interest irresistibly expanded to include the whole 
range of science and technology within the universi
ty. Public investment by government in the growth and 
development of university science and technology came 
to be regarded as a perfectly natural-indispensable
ingredient of national security. First millions , soon bil
lions, of dollars annually were appropriated for this 
purpose. At the same time, access to higher education 
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was being expanded by means of a succession of con
gressional enactments and appropriations. As a result, 
existing colleges and universities grew greatly in size, 
and new colleges and universities were established. In 
the quarter century between 1945 and 1970, Ameri
can higher education more than tripled in size and ca
pacity, and within the major research universities the 
federal government became the established patron of 
advanced research and training over the entire range 
of fields in science and technology. 

THE GOVERNMENT-UNIVERSITY 
PARTNERSHIP IN RESEARCH 

Selected aspects of the way things were done in the 
process, or of the way in which matters turned out, 
appear worthy of comment. For example, it can be 
noted that the interaction between representatives of 
government and the university community began in the 
1940s on an extraordinarily high level of mutual trust 
and commonality of purpose. World War II was-at · 
least after Pearl Harbor-a "popular" war in the 
United States. Subsequently there was widespread con
sensus that the best way to counter Stalinist expan
sionism and avoid renewed global war and the use of 
nuclear weapons was to create effective deterrent ca
pacity. Cooperation in the national interest was not 
then controversial. In other words, motives were not 
initially in question. As a result, problems that might 
otherwise have led to long and vexed negotiations were 
settled quickly and effectively in order to get the job 
done. An enduring network of personal connections 
between individuals in government and those in uni
versity science grew in this agreeable climate, and those 
helped to lubricate relationships later when some fric
tion began to develop. 

It must be assumed that the high degree of mutual 
trust at the outset had much to do with the easy adop
tion of the peer review systems in the distribution of 
increasingly vast amounts of government sponsored 
research. There is, in retrospect, a near miraculous pu
rity in the concept that the best way to assure the fund
ing of good science is to allow good scientists to review 
applications and select the best. And-most of all-it 
is worth noting that it was possible for government 
to deal directly with university scientists and technol
ogy experts themselves, with only relatively minor in
volvement on the part of the universities or institu
tions. It is more than doubtful whether university ad
ministrations could have motivated professors to co
operate with government nearly as effectively as was 
in fact the case, where the motivation arose within the 
professional initiative combined with the appeal of the 
national interest that largely swept the institutional un
iversity along in its train. 

In the well-known story of the growth of govern
ment sponsored university research, the involvement 
of industry is seldom mentioned or emphasized. While 
this may be easily explained because industry involve
ment was indirect, it is a grave distortion not to recog
nize explicitly the major stake on the part of industry 

372 

in the burgeoning government-university partnership. 
Even if one were to look only at national defense in 
a narrow sense, it is obvious that the ever more so
phisticated and complex national defense systems
developed with the advice of university specialists
called for an ever greater range of sophisticated and 
complex products-products procured by government 
and produced by industry. The wider the range of 
government needs-beyond weapons systems and into, 
for example, space and communications technology
the greater became the involvement of diverse indus
trial enterprises in providing the means growing out 
of research and development. It is, of course, true that 
in response to the situation, more and more of the af
fected industries began to set up elaborate research and 
development programs of their own-also often with 
government assistance. But here too the staffing of 
these industrial research and development programs 
depended on the availability of university trained 
talent-talent at the core, trained at the doctoral lev
el. The great investment on the part of the federal 
government in university science and technology, 
therefore, produced not only ideas and techniques that 
resulted in industrial contracts, but also-and with far 
greater total impact-provided the funds and facili
ties within universities to train great new numbers of 
highly advanced technologists and specialists, who 
found employment in industry and government, as 
well as within the university system itself. 

To the extent, however, that the federal government 
was not only the principal sponsor of science and tech
nology in the major research universities, but also the 
principal consumer of so much of the applicable re
sult, it can be remarked that the need to market ideas 
and techniques was generally-and notably-absent. 
To a large extent, government was willing to sponsor 
basic research, i.e., the conduct of scientific inquiry 
for its own sake and where an applicable outcome was 
neither promised nor expected. However, where the 
government sponsored targeted research, the govern
ment was also likely to be the consumer or purchaser 
of the result; hence there could also be a certain in
difference as to whether the result was ever purchased 
or consumed-that decision was, after all, up to gov
ernment. There was competition-among investigators 
for research support and among industrial enterprises 
for procurement contracts, but there was very little 
marketing. 

UNIVERSITY ATTITUDES TOWARD 
RESEARCH 

In this connection it should also be pointed out that 
research as a product is not -or, at least not yet -an 
acceptable notion even within the contemporary Amer
ican research university. To understand this, it is use
ful once again to go back to Wilhelm von Humboldt 
and the germinal reform of the Prussian university 
which he achieved. Von Humboldt spoke not only of 
freedom of teaching and learning, but also of the iden
tity of research and teaching. His credo was that in-

fohns Hopkins APL Technical Digest 



S. Muller - Research Universities and Industrial Innovation 

In the United States the modern research university 
was not fully established until the opening of The 
Johns Hopkins University in 1876, with an explicitly 
acknowledged debt to the ideas of von Humboldt 
.... The twin identity of research and teaching has 
since become-and remains-gospel within the 
American research university. And this twinning 
needs to be understood in light of the fact that the 
university has been-and remains-primarily a 
teaching institution. 

The Johns Hopkins University (JHU) downtown campus, ca. 1885. Lever
ing Hall , the Adm inistration Building, Hopkins Hall , and the Chemistry 
Building are at left and the Biology Build ing is at right. 

quiry was an indispensable part of teaching: only 
someone engaged in inquiry was best qualified to 
teach, and learning involved engagement in inquiry as 
much as absorption of subject matter. The twin iden
tity of research and teaching has since become-and 
remains-gospel within the American research univer
sity. And this twinning needs to be understood in light 
of the fact that the university has been-and remains
primarily a teaching institution. When a major Amer
ican university styles itself as a research university, 
what is meant is that its teaching mission is distin
guished by a research component of the highest qual
ity. What is not meant is that the university is primarily 
a research institution. Research without teaching is still 
as heretical an ideal within the contemporary Ameri
can university as teaching without research. 

To understand this confluence of teaching and re
search within the university supports the notion that 
the university as an institution is generally ill-suited 
to perform research: it is the professor at a university 
who performs research, not the institution. The key 
relationship which evolved as government became so 
prominent a sponsor of research was-as noted earli
er-between government and individual professors 
identified as principal investigators. The inner logic of 
this arrangement lies in the linkage of research and 
teaching as well as in the freedom of inquiry: only the 
researcher Iteacher could appropriately determine the 
proper mixture of inquiry and instruction that is in
evitably a cardinal feature of an academic research 
project. Thus, on the face of it, a particular universi
ty can be identified as "doing" on the order of $100 
million annually of federally sponsored research, and 
it is accountable to government and the public for the 
whole of it. But in reality so great a total is merely 
the accumulation of hundreds of individual projects, 
solicited and executed under the guidance of principal 
investigators, normally unrelated to each other, and 
scattered throughout the university. A major research 
university is one whose faculty is composed of many 
persons of such distinction so as to be able to bid suc
cessfully for research awards-grants and contracts 
awarded by government in the name of the institution 
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but awarded in fact to the principal investigators. 
Universities did not and do not assign research to 
members of the faculty any more than they assign the 
courses to be taught. Instead, professors select the re
search they wish to do just as they select the content 
of their teaching, and, if funded, they thereby put the 
university into that particular research activity. When 
professors-principal investigators-move from one 
university to another, their research awards follow 
them and do not remain at the university of origin. 
As a result, a university widely known for research of 
a particular kind could-and does-suffer loss of com
petence with the departure of a principal investigator, 
whose arrival at a different university would then lend 
to it the distinction lost by the institution from which 
the move originated. 

There were-and continue to be-some exceptions 
to this prevailing situation in that some universities did 
set up special laboratories, dedicated to particular lines 
of inquiry, which sought and received support as such, 
i.e., not on the basis of individual grants and contracts. 
In most instances, however, there was a controlling 
reason for such action by the university: the need for 
secrecy. When government insisted on secrecy in the 
national interest, the university faced-and still faces
a dilemma. On the one hand, it is obvious that cer
tain types of research involving national security re
quire the protection of secrecy lest they aid foe as well 
as friend; on the other hand, secret research is anathe
ma to academic practice. Precisely because of the fun
damental credo that research and teaching are inex
tricably linked, research that-for reasons of secrecy
cannot be related to instruction is academically illegiti
mate. Academic research must serve-or at least be 
capable of serving-as a teaching base and, therefore, 
must be open. By definition, then, secret research can
not be academic research. To resolve this dilemma, 
universities willing to engage in secret (classified) re
search set up nonacademic laboratories, physically iso
lated from the rest of the campus, in which secrecy 
could be maintained-but at the sacrifice of the aca
demic mission. At the same time a decision was 
reached that individual faculty members could engage 
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When government insisted on secrecy in 
the national interest, the university 
faced-and stillfaces-a dilemma. Aca
demic research must serve-or at least 
be capable of serving-as a teaching base 
and, therefore, must be open. By defi
nition, secret research cannot be 
academic research. To resolve this 
dilemma, universities willing to engage 
in secret (classified) research set up 
nonacademic laboratories, physically 
isolated from the rest of the campus. The JHU Applied Physics Laboratory, Laurel , Md (1984) 

in secret research as a matter of individual choice, but 
not on the campus. Professors can, in other words, 
serve as consultants on secret or classified projects, but 
only if the work they did on such a basis was located 
outside the academic campus and as long as their lab
oratories and offices on campus remain entirely open. 
This mode of operation made it possible to achieve 
some academic linkage between an off-campus secret 
research project sponsored by a university and the 
same university's academic departments. By means of 
joint appointments, an investigator primarily engaged 
in secret research can come onto the academic cam
pus as a part-time faculty member, at least to teach, 
but possibly to perform nonclassified research as well; 
a regular faculty member can leave the academic cam
pus and engage in secret research at the classified pro
ject site, serving as a part-time consultant. 

CORROSION IN THE GOVERNMENT
UNIVERSITY RESEARCH PARTNERSHIP 

In the course of the 1970s, a gradual sea change oc
curred in the relationship between the federal govern
ment and the major research universities-a sea change 
hard to define both because it took place gradually and 
because so much on the surface remains the same, but 
also it was sufficiently severe so that, in effect, it seems 
to mark the end of an era. A series of circumstances 
coincided to produce this effect. First, the constant 
dollar level of federal government appropriation to 
support university "research in science and technology 
ceased to rise, and on occasion had even fallen, not 
only from one year to the next but over several years 
in succession. A form of the cold war continued; the 
nation's investment in national security remained ex
tremely high; even the countrywide mobilization in the 
national defense remained a constant of sorts. But as 
far as the universities were concerned, the context of 
federal research support changed from growth and re
newal to contraction. And this came about in combi
nation with the end of that earlier sustained period of 
growth in student and faculty numbers. Overall, most 
of the level of effort reached in the past still continues, 
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but the steady acceleration of support of the previous 
twenty-five years has halted. 

Of greater importance may be the fact that substan
tial corrosion has appeared in the process of govern
ment-university research interaction. This is not sur
prising in that it is only a natural occurrence when a 
relationship goes on for so protracted a period, but 
an understanding of this reality merely explains prob
lems without attenuating them. To a signficant degree, 
the initial trust and shared common purpose between 
government and the university community have been 
substantially dissipated for all sorts of reasons. The 
unpopularity of the Vietnam War produced sharp dif
ferences between government and the majority of the 
academic community. The sheer volume of federally 
sponsored research became so great that inevitable 
problems appeared in the aUditing and accountability 
for so huge and diverse an annual effort. With the 
enormous growth of the professoriate over a quarter 
of a century came some dilution in quality. Where, 
early on, a relatively small elite of faculty members 
at relatively few institutions had dominated the inter
action on the university side, there were now much 
larger numbers of persons from many more institu
tions involved, and the quality of peer group evalua
tion became somewhat arguable in the process. Over 
time, just enough instances of poor fiscal management 
and/ or questionable performance occurred to corrode 
some degree of faith and confidence. And, after all, 
a process dependent on annual appropriations from 
so highly political a body as Congress could not ex
pect indefinitely to remain miraculously untainted by 
political consideration. Additional corrosion therefore 
occurred when, on occasion, Congress began to tie 
strings and ribbons to federal grants and contracts. Re
cently, there has also been a tendency-still uncheck
ed-to make some awards on political grounds by 
simply and blatantly operating outside the regular pro
cess of research proposals and peer-group review. 

Other considerations entered the picture as well. 
Quite apart from inflation, the absolute cost of pur
suing research has become steadily greater as the tech
nology of research itself became ever more complex. 
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Industry-sponsored biochemical research 

The scientist doing equations on a blackboard-as 
fixed symbolically in the public eye by the ineradica
ble image of Einstein in his study-has been supersed
ed by the research team operating with a vast labo
ratory array of instruments whose cost and complexi
ty are awesome. And furthermore, the range of sci
ence and technology far outstrips even the most all
inclusive definition of national security, and the re
sult is that real argument is now possible as to the pri
ority for research support when weighed against the 
whole array of other public priorities. 

THE INDUSTRY-UNIVERSITY 
PARTNERSHIP 

In the wake of this major revision in the relation
ship between government as principal sponsor of re
search in science and technology and major research 
universities, a still increasing effort developed to es
tablish a new level of direct partnership in research be
tween the university and private industry. No one has 
ever suggested that private industry should eventually 
replace the federal government as principal research 
sponsor; nor has it been assumed that federal research 
sponsorship would cease. But the assumption that fed
eral research support in constant dollars would at best 
level off and perhaps also be less comprehensive has 
led the university to be interested in industrial research 
sponsorship as a supplement to-not substitute for
federal support. As for industry, the trigger comes in 
the field of biotechnology and genetic engineering, 
whose results in many instances have greater promise 
for commercial rather than national security develop
ment. (However, this interest may well be of llimited 
duration. Recognizing the potential in these fields for 
the production of pharmaceuticals, foods, and chem
icals and, initially, the almost total absence of in-house 
expertise in industrial laboratories, industry turned to 
universities and their faculties for knowledge and ex
pertise. As in-house expertise is hired or developed, 
this dependence on outside university expertise will 
diminish and may, within a few years, be of only mi
nor importance.) By the beginning of the 1980s, there-
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Real argument is now possible as to the 
priority for research support when 
weighed against the whole array of other 
public priorities .... The assumption that 
federal support in constant dollars would 
at best level off and perhaps also be less 
comprehensive has led the university to be 
interested in industrial research sponsor
ship as a supplement to-not a substitute 
for-federal support. 

fore, discussion among representatives of universities 
and private industry began to be intensive and con
tinuous. A number of large industrial commitments 
for sponsorship of university research received national 
publicity, accompanied by a host of smaller scale, less 
well publicized commitments of great diversity. It ap
pears extremely likely that direct university-industry 
partnerships in research will continue to proliferate. 
However, this new linkage has significant limitations 
and problems. Some have already been widely dis
cussed; others, less so. An interesting and useful way 
to appraise them may take the route of comparison 
with the process of research sponsorship by the feder
al government. 

Partnership grows out of mutual interest. And as 
noted, the foundation of the partnership between 
government and the 'universities lay in shared devo
tion to the national interest-specifically to national 
security in time of war. The analogous shared concern 
between industry and the universities appears to re
volve substantially around financial gain: most fun
damentally, profit for industry, research support for 
the university. How sound is that analogy? It can be 
argued well that financial gain represents at least as 
much of a mutual incentive as partriotism or even that 
gain can exceed partriotism in intensity. However, it 
may be more difficult to argue that financial gain as 
motive can parallel patriotism in serving as the basis 
for mutual trust. That, in turn, may be particularly 
relevant to the potential of industry-university relation
ships because of the dichotomy involved in university 
participation. As was and is true in the government
university partnership, the operative university part
ners are the researchers themselves-the principal in
vestigators . In the partnership with government, the 
basic assumption was not only that everyone within 
the university shared a common commitment to the 
national interest, but-especially at the outset-finan
cial gain beyond the mere generation of support for 
research scarcely was perceived as a factor; the con
cept of profit did not usually enter into consideration. 

In the partnership with industry, however, profit 
does enter into consideration, either actually or poten-
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tially. On the one hand, it would be unfair if a corpo
ration made large profits from an application of un
iversity based research and there were no sharing what
ever with the university partner. On the other hand, 
insofar as the university partner is both the individual 
researcher and the institution, how is profit shared be
tween these two? At first blush one might think that 
this question is easily answered by drawing on a long 
history of institutional patent policies that represent 
both a tradition and experiential base for profit shar
ing on the part of the industry as well as for profit 
sharing between principal investigator and university 
institution. But in practice there is the complexity in
volved, for example, in stock ownership by professors 
and/ or universities as institutions and in profit shar
ing by corporations with scientists who serve only as 
consultants on an individual basis and not as par
ticipants in a university sponsored relationship. 

It is not relevant at present to explore this and oth
er complex entanglements further; however, it should 
be noted that a great degree of mutual trust is more 
apt to develop and be sustained over protracted peri
ods by the generation of common concern based on 
patriotism than by those based on financial gain. In 
fact, without excessive cynicism one must note the ef
fort to evolve a common industry-university concern 
much more analogous to wartime devotion to nation
al security, as at least a complement to the profit mo
tive. The common concern invoked in this view is 
technology transfer-a phrase that stands for the com
mon humanitarian impulse to strive to make the ben
efits of applied research available to the public as 
rapidly and effectively as possible. (This was the im
pulse governing Professor Frederick Gardner Cottrell 
when he established Research Corporation as a non
profit technology transfer agency in 1912.) More re
cently this concept has also been directly related to the 
national security-by referring precisely to the discus
sion of economic innovation with which this chapter 
began. Patriotism, as well as profit, can be invoked 
by the argument that the welfare-and security-of 
the United States depends on sufficient technology 
transfer directly from university to industry in order 
to assure not only that discovery results in new benefits 
to the quality of human life in the best and quickest 
manner, but also to assure that American industry 
thereby remains so consistently innovative as to reclaim 
and retain world leadership. 

The profit potential in this context then becomes a 
desirable but secondary enhancement of a more no
ble primary goal. And even those who might be re
minded-skeptically-of the now famous old assertion 
that "what's good for General Motors is good for the 
country" may find it difficult to deny that there is truth 
in the argument that university research relates posi
tively to innovation in industry. Obviously, however, 
any argument linking industrially sponsored universi
ty research to American national purpose is awkward 
to justify when the sponsoring corporation is a major 
multinational enterprise based abroad. And the fact 
is, of course, that at least a few of the most promi-
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nent new linkages between particular industrial cor
porations and American research universities have 
involved foreign, rather than American, enterprises. 

POTENTIAL HAZARDS 
There are other problems that emerge when in

dustry-university research relationships are compared 
with the government-university research partnership, 
particularly those relating to the absence of overrid
ing national interest as basic justification. On occa
sion, for example, industry would like to impose se
crecy on research, but for proprietary purposes rath
er than by reason of national security. Universities, 
committed (as already indicated) to the inseparability 
of teaching and research, cannot appropriately accom
modate industrial interest in confidentiality any more 
than government interest in secrecy. Ideally, therefore, 
confidential industrial research should be carried on 
by professors only off-campus, in industriallabora
tories, just as was and is done with secret government 
research. But the presence of the profit motive makes 
the easy parallel more difficult to apply. What hap
pens, for instance, when the principal investigator is 
also the entrepreneur? What happens when the uni
versity as an institution stands to profit through a con
ractual arrangement or as an investor? Are patents the 
answer? It is generally assumed (most conveniently) 
that the time required to obtain a patent is just about 
as long as that required for the publication of a piece 
of research. But will this result in an erosion of time
consuming testing because of a rush to publish? And 
what happens if the research in question involves un
patentable techniques that are best protected as trade 
secrets? 

Questions such as these raise the more fundamen
tal issue of whether the anticipation of financial gain 
will tend inevitably to draw professors away from the 
concept of research as pure inquiry toward the goal 
of research for profit. Earlier, goal oriented research 
had become something of an issue in the course of the 
government-university research relationship. Often, 
however, because the goal was classified, the research 
took place away from the university in any event. In 
the case of other goals, such as "the war on cancer," 
the goal was so broad and humane as to cause no 
problem. 

Financial gain is more suspect, particularly because 
the university as an institution is as directly involved 
as the principal investigator. In the case of government 
sponsored research, it is assumed that the university 
as an institution has only a minor interest in the sub
stance of any particular piece of research being done 
as long as it is not secret and as long as the principal 
investigator who solicited support is appropriately 
funded and committed. But will university adminis
trators, representing the interests of the university as 
an institution, remain in such a position of benign in
difference when there is a prospect of financial gain 
for the institution? Will there, in other words, be a 
tendency by the university to push professors not mere
ly to perform research and obtain support for doing 
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The shared concern between industry and the universities appears to revolve substantially 
around financial gain: most fundamentally, profit for industry, research support for the uni
versity. 

The essence of the government-university relationship was government sponsorship through 
a process of open application by principal investigators whose applications were subject to 
a peer review process .... Corporate research sponsorship with a university tends to be negotiated 
on a one-on-one basis, and in most cases it contains no form of peer review. 

so as has long been the case, but to perform particu
lar kinds of research with financial gain in mind? 

This line of inquiry compels recognition of another 
relevant difference between the government-university 
and industry-university relationships. As noted earlier, 
the essence of the government-university relationship 
was government sponsorship through a process of 
open application by principal investigators whose ap
plications were subject to a peer review process. Rela
tionships between industrial corporations and univer
sities increasingly have taken on an entirely different 
form . First, the diversity of industry and of the profes
soriate is so great that some sort of brokerage was re
quired to match potential sponsors and investigators; 
university administrations began to play the role of 
broker. Second, a marketing approach emerged-a 
corporation marketing its interest in sponsorship and 
a university marketing its interest in receiving spon
sorship. Third, instead of a nationwide application 
process and competition by application, corporate re
search sponsorship with a university tends to be 
negotiated on a one-on-one basis, and in most cases 
it contains no form of peer review. Fourth and final
ly, the result for the universities was a new and highly 
competitive race for industrial sponsorship in which 
university administrators were actively marketing the 
skills of their professors. It is against this background 
that questions are asked as to whether or not the uni
versity as an institution will attempt to impart guid
ance to principal investigators when the factor of 
financial gain is present. 

FUNDAMENTAL ISSUES FOR 
INDUSTR Y -GOVERNMENT -UNIVERSITY 
RESEARCH INTERACTIONS 

Problems of this kind are significant and awkward, 
and they continue to be both explored in practice and 
debated in the abstract. They are, however, dwarfed 
by two other considerations that may be even more 
fundamental and as yet have received very little dis
cussion. The first of these derives from further con
sideration of the enormous cost of research instru-

Volume 5, Number 4, 1984 

mentation in the universities. As noted earlier, the ag
gregate sum required for adequate instrumentation al
ready appears to be growing beyond even the capacity 
of the federal government to sustain at public expense. 
And large as the collective resources of private indus
try may be, they fall short of the resources available 
to government; and in fact, no way exists (nor is like
ly to be found) for a collective application of indus
trial resources to support research in the universities. 
Even industry-by-industry collective collaboration is 
hamstrung by antitrust legislation; company-by-com
pany approaches are the rule. At the moment, such 
approaches appear to be feasible only as long as the 
application of corporate resources remains a margin
al supplement to a much larger volume of support 
from government. It follows, however, that the sig
nificant future decreases in government research sup
port are not likely to be offset by a sufficient increase 
in support from industrial corporations . Instead of in
dustrial resources rising to balance out shrinking fed
eral allocations, a more likely prospect would be that 
major reductions in federal support for instrumenta
tion and its installation and maintenance would make 
university laboratories less attractive to corporations 
because, rather than complementing government sup
port, available corporate resources would become sub
marginal under these circumstances. 

The future requirements of support for instrumen
tation have practical consequences for the universities, 
for industry, and for government. For the universities, 
assuming that the twin pressures of need and practi
cal possibility will, over the long run, impose their own 
logic, the most likely answer would appear to lie in 
the type of sharing that has already evolved in the field 
of high-energy physics. Just as, for example, only a 
finite number of nuclear accelerators exists and just 
as these are governed by consortia of institutions so 
as to provide access to investigators across the entire 
discipline, so it seems probable that truly large-scale 
instrumentation resources in other scientific and tech
nical fields will evolve along similar lines. The univer
sity or universities in conjunction with which such 
resources are located will, on the one hand, develop 
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The future requirements of support for 
instrumentation will impose their own log
ic. The most likely answer would appear 
to lie in the type of sharing that has al
ready evolved in the field of high-energy 
physics .... It seems probable that truly 
large-scale instrumentation resources in 
other scientific and technical fields will 
evolve along similar lines. 

Space Telescope (left) and National Radio Observatory (right) operated by the Associa
tion of Universities for Research in Astronomy for NASA, and by Associated Universi
ties, Inc ., respectively. 

special strength in the relevant particular area of in
quiry; on the other hand, colleagues from the rest of 
the university world will also have access to the facility 
and its resources. 

And, at a different level, universities will need to 
consider more effective sharing of resources with col
leges that operate on the undergraduate level only. The 
issue in this respect is not research-professors located 
in colleges will already have access for research pur
poses to highly advanced instrumentation resources at 
major research universities-but teaching. The univer
sities draw on the collegiate sector for their graduate 
and professional students. Universities thus have an 
interest in preventing the decline of instrumentation 
in undergraduate colleges to the point where college 
graduates would be so underprepared in science and 
technology as to be dysfunctional in graduate and pro
fessional schools. As a result, universities will see the 
need to share the most expensive and sophisticated in
strumentation with colleges for teaching purposes. 
There are new lines of sharing within higher educa
tion that as yet have barely begun to appear. 

As for private industry, corporations dependent on 
science and technology have an unavoidable stake in 
the adequacy of instrumentation and the quality of re
search in the major research universities. The essen
tial linkage between the universities and industrial 
innovation and vitality consists of people-related as op
posed to product-related research. The article of faith 
within the university community which insists on the 
inseparabIlity of research and teaching is not merely 
sacrosanct-it is practical wisdom as well. To the ex
tent that its consequence puts limits on the direct ap
plicability of university research precisely because that 
research must also serve a teaching mission, those 
limits are an asset rather than a liability. Both govern
ment and industry are inescapably dependent on a flow 
of talent which the universities produce. To a large de
gree, the quality of government and industry in the 
age of technology is determined by the quality of avail
able talent; the stream of the most highly trained, 
specialized, and scientifically and technologically ad
vanced talent flows out of the university pool. 
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Industry recognized long ago that innovation in sci
ence and technology depended on the creation of in
dustriallaboratories. These laboratories, rather than 
university laboratories, are the proper and best source 
of product development. But industrial laboratories 
are staffed by university graduates. Under ideal cir
cumstances, universities are the source of graduates 
trained in the methods of inquiry with state-of-the-art 
instrumentation, who are eligible to be hired by indus
try for its laboratories. Technology transfer occurs as 
well informed and highly skilled human talent moves 
constantly out of teaching laboratories into applied re
search laboratories. Nor is this a one-way street. New 
techniques and results from industrial laboratories 
move over into the teaching laboratories of universi
ties, not only by the maintenance of personal contacts, 
but also because university scientists already consult 
sufficiently with industry to stay current with indus
trial advances in science and technology. Under less 
than ideal circumstances, universities would lack the 
resources for the adequate and most up-to-date prepa
ration of graduates in science and technology; the pool 
of the most highly trained talent would then be not 
fresh but stale. At the worst, industry would itself have 
to offer the ultimate in advanced training if industrial 
laboratories alone were to offer advanced instrumen
tation no longer available in university laboratories for 
research and teaching. 

If this is the correct perspective, then at least a good 
deal of the prevailing industrial and public fixation on 
the substance of university research appears to put the 
accent on the wrong syllable. The most fruitful out
come of the now protracted experience of government 
sponsorship of university research has been in fact the 
splendid enhancement of the nation's pool of most 
highly developed talent, not the research results ob
tained in any single instance or in aggregate. Clear 
recognition that universities exist to teach and that the 
contemporary university must do research in order to 
teach-not do research for its own sake-provides the 
best guidance for future courses of action. Such recog
nition implies that government, industry, and the un
iversities fully share a common purpose: to assure the 
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Clear recognition that universities exist 
to teach and that the contemporary 
university must do research in order to 
teach-not do research for its own 
sake-provides the best guidance for 
future courses of action ... . Industry 
should move to a more fundamental 
emphasis on the preservation and 
enhancement of the teaching mission of 
the university. 

TV-audio linkage between classrooms at the JHU campus (left) and APL (right) 17 miles 
apart. 

ability of the universities to attract, nurture, and pre
pare human talent at the most advanced level of sci
ence and technology so that the goals of government 
and industry will not be impeded for lack of human 
resources. Industry, therefore, should move beyond 
the current emphasis on the possibility of product de
velopment directly from university laboratories to a 
more fundamental emphasis on the preservation and 
enhancement of the teaching mission of the universi
ty. In practical terms this would mean supportive con
cern by industry with the continuation of public in
vestment by government in the strength and quality 
of university research-and hence, teaching-in sci
ence and technology and less effort on the part of cor
porations to leverage the prospect of financial gain for 
universities into pressure to unhinge university research 
from the teaching mission so as to move it closer to 
a more goal oriented character with directly applica
ble results in view. 

The future of innovation in the American economy 
does indeed depend on the American university. The 
dependence, however, rests far less on the results of 
university research per se than on the indispensability 
of research to the training mission of the university. 
The university's role in the development of human tal
ent transcends by far the university's role in discov
ery-or, explicitly, the goal oriented quest for dis
covery. It follows, then, that the future of both na
tional security and national prosperity depends signifi
cantly on a continued investment in university science 
and technology, supported by both government and 
industry, with the primary emphasis on the develop
ment of human talent. 

AMERICAN SHORTCOMINGS: 
INNOVATION, PRODUCTIVITY, OR 
MARKETING? 

Tempting as it is to end here, some brief conclud
ing observations may be useful on the innovative 
character of American society in comparison to other 
national societies. On the one hand, there is evidence 
that the United States has no monopoly among the 
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countries of the world on innovation in science and 
technology. On the other hand, there is no evidence 
that to date the United States lacks the ideas or the 
talent to retain world leadership in the advancement 
of science and technology, provided that adequate 
resources are supplied . The record of recent interna
tional economic experience shows little evidence that 
other national economies are more innovative than 
that of the United States insofar as the substance of 
science and technology is concerned. What that rec
ord does reveal, however, is that other nations have 
been and remain more innovative and successful in 
production, manufacture techniques, and international 
marketing of new products than the United States. J a
pan, for example, in addition to superior production 
and quality control, appears to be applying a genius 
for the identification and exploitation of world mar
kets through a combination of highly innovative and 
effective product development and marketing far more 
than striving for original discovery in science. In con
trast, American industry continues to draw on origi
nal discovery but may be falling behind in international 
market share. For this there may be several reasons. 
First, American corporations may be too comfortable 
with a domestic market of continental size which for 
decades has been familiar, as well as sufficient to sus
tain profits and growth. Second, American corpora
tions have relied heavily on foreign employees when 
selling abroad, not only on the assumption that in
digenous citizens of other lands will get the best recep
tion within their domestic markets, but also because 
American talent familiar in depth with foreign mar
kets is in extremely short supply. Third, there has been 
a reluctance to invest in new manufacturing facilities 
and an inability to control quality of product. 

The simple fact appears to be that aside from inno
vation in the manufacturing process, American cor
porations need to cultivate foreign markets more 
effectively on a global scale and, in the process, rely 
more on American talent that knows the area, its cul
ture and history, and, above all , its languages. To the 
extent that this is true, American universities may have 
a major contribution to make to national economic 
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The JHU School for Advanced International Studies (left) and its Language Laboratory (center) in Wash ington , D.C. The JHU·Nanj ing Universi ty Center 
for Chinese and American Stud ies is at right. 

American universities may have a major contribution to make to national economic prosperity 
through foreign language and area studies .... Their ability to provide human talent familiar 
in depth with any and all areas of the world may need greater recognition and support in 
the context of national prosperity. 

prosperity, not only through teaching and research in 
science and technology, but also through foreign lan
guage and area studies for far greater numbers of stu
dents than have participated in the past. It is not true 
that worldwide marketing is a new concept for Amer
ican industry, but it may be true that worldwide mar
keting falls short when it is executed and supervised 
by Americans who speak only English and on behalf 
of products designed primarily for an American mar
ket. The major research universities in America are 
among the most cosmopolitan, least parochial insti
tutions in the country. Their ability to provide human 
talent familiar in depth with any and all areas of the 
world may need greater recognition and support in the 
context of national prosperity within a global econo
my. The earlier research partnership between govern
ment and the universities included language and area 
study centers and fellowships, long and successfully 
supported by the National Defense Education Act. It 
is worth considering whether American industry has 
a major stake in reviving and supplementing that ex
perience as well. 

In summary, then, the power and strength of Amer
ican industry in a global economy depends both on 
future innovation and the capacity to market the 
results worldwide. Innovation in this era of science and 

380 

technol0gy depends on numerous factors-one of 
which without doubt is human talent of appropriate 
high quality . The American university has become the 
proper training ground for such talent by virtue of the 
effective linkage of scientific research to its tradition
al teaching mission. Thus, industry and government 
have a joint stake in university research, less for the 
sake of applicable results than for its indispensable 
educational function. And if there is truth in the 
thought that American industry may be more deficient 
in marketing than in innovation, the universities have 
the capacity to contribute to the solution of that prob
lem as well. 

Reprinted from Technological Innovation in the 80s, James S. Coles, 
ed. , for the American Assembly, Columbia University, Prentice
Hall , Inc. , Englewood Cliffs, N.J. 07632 (1984) . 
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