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The Federal Role In Fostering
University-Industry Cooperation

Closer links between universities and industry in
research and education can enhance technological
innovation. However, cooperative arrangements
between them are difficult to create and sustain
because of differences in missions, values, and rewards.

GAO examined three well-known forms of university-
industry collaboration--research parks, cooperative
research centers, and industrial extension services--
to develop information and guidelines to help policy-
makers in designing any new or revised Federal
initiatives to stimulate cooperation. Each form of
cooperation draws upon different strengths and
resources of the participants and produces different
outcomes. None is likely to succeed unless the
participants possess the relevant strengths and mutual
interests.

Federal policy initiatives intended to foster closer links
between universities and industry should make
financial support contingent upon evidence that the
proposed partners are prepared both to reconcile their
differences andto address the specific factors essential
for success.
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REPORT BY THE THE FEDERAL ROLE IN

UNITED STATES GENERAL FOSTERING UNIVERSITY-
ACCOUNTING OFFICE INDUSTRY COOPERATION
DIGEST

—— o mn —— o— —

Closer links between universities and industry in
research and education can enhance technological
innovation, and Federal involvement has been an
important factor in fostering university-industry
cooperation.

Since World War I, as Federal support of research
at universities has greatly expanded, several forms
of university-industry cooperation have emerged.
Some of these cooperative arrangements involve long-
term, deliberately planned institutional commit-
ments. These are difficult to create and sustain
because of differences between universities and in-
dustry in missions, goals, organization, research
objectives, values, and rewards. These differences
are generally recognized, and the need to reconcile
them without compromising the independence of either
institution is widely acknowledged. However, there
is little systematic knowledge of how the differ-
ences between the two sectors affect cooperative
arrangements or how existing arrangements have over-
come them.

GAO initiated this review in response to increasing
congressional interest in fostering closer links
between the two sectors. The report develops infor-
mation and guidelines to enable policymakers to
assess whether new or revised Federal initiatives
are needed and how they could be designed to assure
that expected outcomes are consonant with policy ob-
jectives. The Chairmen and ranking minority members
of the House Committee on Science and Technology and
the Senate Committee on Commerce, Science, and Trans-
portation expressed special interest in this study
and requested a GAO report.

GAO selected three types of university-industry col-
laboration for study. They were selected because
they have been recognized as having a strong poten-
tial to contribute to technological innovation, and
because they involve long-term institutional commit-
ments to substantially different forms of collabora-

tion., The three types are:
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--Research parks, which are composed of clusters
of high-technology firms or their research
centers located on a site near a research uni-
versity where industrial occupancy is limited
to research-intensive organizations.

--Cooperative research centers, which involve
several private firms cooperating with a uni-
versity in planning, supporting, and evalua-
ting research of mutual interest conducted at
the university.

--Industrial extension services, which transfer
technology from universities to potential
industrial users through designated exchange
agents.

For each type, GAO identified

--how the needs and resources of university and
industrial participants are joined,

--the types of links and outcomes likely to be
enhanced,

--the critical factors involved in creating and
sustaining the arrangement, and

--the roles that the Federal Government has
played in facilitating its creation and
operation.

OUTCOMES ACHIEVED BY UNIVERSITY-INDUSTRY
COLLABORATION

University-industry cooperative arrangements often
increase communication between scientists and engi-
neers in the two sectors. GAO found that the nature
and intensity of communication varies greatly among
the different cooperative arrangements, and that the
nature of the contributions to innovation most like-
ly to be realized depends on the type of cooperative
arrangement.

In the three types of collaboration GAO studied, the
most dramatic contribution to innovation appears to
be made by research parks. Interaction between the
two sectors is enhanced in a variety of ways, such
as providing industrial employment of faculty con-
sultants, adjunct faculty appointments for indus-
trial research specialists, sharing of laboratory
facilities, part-time employment of graduate stu-
dents, special graduate courses for industrial em-
ployees, and joint research projects and seminars.

ii



Cooperative research centers create new partnerships
by bringing both sectors together in jointly-planned
research aimed to accelerate the advance and commer-
cial application of technology. Both research parks
and cooperative research centers make substantial
contributions to improving the initial and continu-
ing education of industrial scientists and engi-
neers.,

Industrial extension services are singular in
providing assistance to new, low-technology, and
fragmented industries. However, in most cases,
industrial extension has not had much effect on.
university research agendas. Both research parks
and industrial extension services contribute to
regional economic development.

CONDITIONS THAT FOSTER SUCCESSFUL
COLLABORATIVE ARRANGEMENTS

GAO found that two kinds of issues are associated
with implementing any university-industry arrange-
ment--those that are generic to any form of uni-
versity-industry collaboration and those that are
specific to a particular type of collaboration.
Generic issues include the need to reconcile the
different objectives, values, attitudes, reward
structures, and research agendas of the two sectors;
and to locate a source of continuing financial
support. An example of a specific issue is the
requirement that university and industrial partici-
pants in cooperative research centers must agree
upon a mutually acceptable research agenda.

Factors essential to resolve the generic issues
include

--commitment by both faculty and administrators
at a university to the concept of orienting
some portion of university research and ex-
pertise toward industrial needs and oppor-
tunities;

--commitment by participating firms to explore
and use the strengths of the university while
simultaneously honoring university objec-
tives;

—-—flexibility in the university to allow poli-
cies and organizational developments for in-
teraction with industry which are responsive
to industrial objectives but do not compro-
mise the academic mission of the university;
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--a strong leader highly respected by both the
academic and industrial communities to
establish and maintain the partnership;

--matching the physical and human resources,
needs, and interests of both university and
industrial partners; and

--sustained sources of funding.

Each type of collaborative arrangement draws upon
different strengths and resources of university and
industrial participants and is not likely to succeed
unless universities and firms possessing the rele-~
vant strengths and mutual interests are involved.
Research parks work best at first-tier research uni-
versities where a significant proportion of admini-
strators and faculty favor interaction with indus-
try. Industrial participants most likely to benefit
from this arrangement are high-technology firms that
depend strongly on technological innovation for
their success.

Cooperative research centers require a university
with strong departments in areas relevant to the

research conducted in the centers. 1Industrial par-
ticipation is most successful with medium- to large-
sized firms that have adequate in-house research and
development capacities to translate research results
into commercial technological applications.

Extension services are best performed by a univer-
sity with a strong commitment to community service
and a technological focus aimed at helping local
industrial clients.

GOVERNMENT ROLES IN UNIVERSITY/
NDU& OLLABORATION

Federal and State governments have played both di-
rect and indirect roles in creating and sustaining
different university/industry arrangements. These
roles include supporting research in both sectors,
catalyzing the creation of specific arrangements
through seed funding, providing long-term financial
support for selected arrangements, and providing
mission~related project funding to supplement
existing arrangements.

In research parks, the Federal role has been pre-
dominantly indirect through creating a climate in
which industrial firms are more likely to find prox-
imity to a university attractive. Federal support
for basic and applied research at universities has

iv



been used by some universities to build research
excellence in areas germane to potential industrial
technological developments. Continuing Federal sup-
port for such research makes proximity to these uni-
versities valuable to high-technology firms because
the research performed at the university augments
the research and development activities of the firms
in the park. '

In addition to funding university research, the
Federal Government has provided support to research
parks by awarding contracts to spin-off firms, lo-
cating Government research facilities in research
parks, and donating land to the host university.

In cooperative research centers, the Federal Govern-
ment has played a convening and catalytic role by
providing seed money to help underwrite experiments
with the arrangement. The intent is to help deve-
lop new research areas that are of mutual interest
to universities and industry, but that are either
too peripheral or risky to be sponsored by any
single firm.

Unlike the long-term, comprehensive support for an
integrated program of education, research, and tech-
nology transfer that the Federal Government provides
for agricultural extension, the Federal role in in-
dustrial extension has been limited to supporting
specific mission-related technology transfer pro-
jects (e.g., economic development, energy conserva-
tion) at universities with existing extension pro-
grams. Except for the short-lived State Technical
Services program, most of the direct funding for in-
dustrial extension has come from State governments.

CONCLUSIONS

The Federal Government has played a significant
role in creating and sustaining each type of
institutional arrangement by providing

--support of basic and applied research at
universities to build excellence in fields
of science at the frontiers of industrial
technology;

-—-contract support for research and development
(R&D) at spin-off high technology firms;

--seed money to stimulate creation of coopera-

tive R&D centers plus continuing project
support by grants and contracts; and
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--both seed money and continued funding of
extension services.

Financial support alone will not assure success of
any of the forms of institutional cooperation. Both
the generic and specific critical factors for each
type of arrangement must be addressed to assure

--well-defined objectives and expected outcomes
of the collaboration;

--matching the resources, needs, and interests of
both university and industrial partners; and

--institutional commitments and leadership capable
of reconciling the generic differences between
universities and industrial partners without
incursions on the independence of either.

Federal policy initiatives intended to foster
closer links between universities and industry
should be designed to

--relate policy objectives to expected outcomes,

--use the most appropriate type of collaborative
arrangement, and

~--make any targeted financial support contingent
upon evidence that the partners proposing the
institutional arrangement are prepared to
address the generic differences between the two
sectors and that the critical factors essential
to reconciling them are in place or realizable.

vi
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CHAPTER 1

INTRODUCTION

Closer links between universities and industry in research
and education can enhance technological innovation, and Federal
involvement has been an important factor in fostering university-
industry cooperation. The perceived decline in U.S. innovation
and productivity growth during the last decade has led to in-
creasing interest in programs aimed at strengthening university-
industry links. Recently, this interest has been heightened by
budget constraints on the Federal funding of university research
and by industry's tendency to reduce its support for long-term
basic research. Interest in the potential benefits of closer
university-industry ties has indicated that a more refined under-
standing of specific types of cooperative arrangements is needed.

INSTITUTIONAL DIFFERENCES/BARRIERS

To realize their full potential, cooperative arrangements
between universities and industry must reconcile long-standing
differences without compromising their missions and values.
Differences are manifest in the research objectives, management
philosophies, organizations, and reward structures of the two
sectors. For example, universities encourage students and facul-
ty to perform original research. Research results are promptly
submitted for publication in peer reviewed journals. Publica-
tions produce peer approval and public recognition for the au-
thor's contributions to science. Such approval and recognition
are integral to the reward structure of academia, constituting an
important criterion for faculty promotions.

In contrast, industrial research is aimed primarily at
discovering and developing new products and processes, and im-
proving existing ones for competitive advantage in the market-
place. Thus, generally, industrial firms have an interest in
maintaining proprietary control over research results; the
researcher's rewards derive primarily from his ability to con-
tribute to the firm's technological advantage and potential pra-
fitability rather than from peer recognition by the scientific
community.

As a result of these differences, university research is
sometimes regarded by industrial scientists as "ivory tower,"
i.e., self-indulgent, with too little application to real world
problems; similarly, university researchers sometimes believe
that industrial research is inferior in quality because they per-
ceive it as being driven by profit motives rather than scientific
merit. These attitudes inhibit interaction, while differences in
missions and rewards between the two sectors create practical
problems for potential collaborators, involving issues like allo-
cating patent rights, timing research publications, and choosing
research objectives.



In addition, barriers to university-industry cooperation may
vary substantially depending upon the specific types of universi-
ties, industries, and firms involved. Universities, for example,
may be either public or private, and they may emphasize research,
teaching, and public service missions to widely varying degrees.
Industry is similarly diverse in size, products and services
provided, and level of investment in research and development
(R&D).

BACKGROUND

Federal efforts to foster university-industry cooperation
date back to the Morrill Act of 1862, which authorized the crea-
tion of land-grant colleges to develop an educational base in
agriculture and the mechanical arts. Further legislative initia-
tives created an integrated program of education, research, and
technology transfer to enhance innovation and productivity in the
farming industry.

The next major Federal initiative occurred in 1916, when the
National Research Council was created to bring Government, indus-
try, and universities together to work cooperatively on research-
ing, developing, and producing military technology. During World
War II, university-based centers of excellence were created to
focus on microwave radar, nuclear bombs, electronic countermea-
sures, magnetic mines and degaussing techniques, proximity fuses,

etc,

More recent Federal efforts to stimulate university-industry
cooperation were initiated in 1972, when President Nixon intro-
duced the New Technology Opportunities Program, which spawned the
Experimental Research and Development Incentives Program (ERDIP)
at the National Science Foundation (NSF) and the Experimental
Technology Incentives Program at the National Bureau of Stand-
ards. One of the results of this program was that in 1973, NSF
established a program (still in existence) to provide grants to
plan and create university-industry cooperative research centers.

Congressional hearings on university-industry relations were
held by subcommittees of both the House and Senate in 1979. 1/

l/Subcommittee on Science, Research, and Technology of the
House Committee on Science and Technology held hearings on
July 31, August 1, and August 2, 1979; and the Subcommittee
on Science, Technology, and Space of the Senate Committee on
Commerce, Science, and Transportation held hearings on June
21, June 27, and November 21, 1979,



These hearings focused on the current status of unive§S@tY’@nduS’
try relations, on possible congressional roles in facilitating
closer cooperation, and on the provisions of the proposed Steven-
son-Wydler legislation, which would authorize creating cocperative
research and development (R&D) centers at universities. ?hese
hearings confirmed the lack of systematic information available on
specific types of university-industry arrangements.

The Carter Administration gave the issue of university-
industry interaction specific attention in its Domestic Policy
Review on Industrial Innovation. The 96th Congress passed the
Stevenson-Wydler Technology Innovation Act of 1980 (P.L. 96—480},
which authorized the Department of Commerce and the National Sci-
ence Foundation to create and support centers for industrial tech-
nology at universities and nonprofit research organizations: ‘
These centers would involve universities and industries in joint
research and training ventures. To date, no funds have been ap-
propriated for these centers.

In response to congressional hearings and interest in
fostering closer links between the two sectors, we initiated this
review to develop information and guidelines that would help poli-
cymakers assess whether new or revised Federal initiatives are
needed and how they could be designed to assure that expected out-
comes are consonant with policy objectives. The Chairman and
ranking minority members of the House Committee on Science and
Technology and the Senate Committee on Commerce, Science, and
Transportation expressed special interest in this study and re-
quested a GAO report.

OBJECTIVES, SCOPE, AND METHODOLOGY

We concentrated on two major policy questions in performing
our review: (1) what Federal policy objectives are most likely
to be advanced through successfully implementing specific types
of university-industry cooperation, and (2) what types of Federal
initiatives have fostered specific types of university-industry
cooperation. For the first question, we identified the ways in
which each of three types of cooperative arrangements joins the
needs and resources of university and industrial participants, and
the types of links and outcomes that result from the arrangement.
For the second question, we identified the critical factors in-
volved in creating and sustaining each type of arrangement, in-
cluding the role that the Federal Government has played.

The specific objective of this report is to develop sgffi-'
cient understanding of cooperative arrangements between universi-
ties and industry to identify and characterize the different
outcomes, requirements, and problems associated with each type.

Three specific criteria were used to select the types of
university-industry arrangements we considered. The arrangements
selected



~-require long-term commitments from both sectors at
the institutional level;

--differ significantly in objectives, structure, and
operation; and

--have been widely recognized as having a strong
potential to contribute to technological innovation.

Using these criteria, we selected the following three types
of university-industry arrangements for study: research parks,
cooperative research centers, and industrial extension programs.
Research parks are composed of clusters of high technology firms
or their research centers that are located on or near the campus
of a research university. Cooperative research centers involve a
number of companies in a formal agreement to sponsor research pro-
grams at a university-based center. Extension services transfer
technology from a university to potential industrial users through
designated exchange agents.

The types of cooperative arrangements we selected are not the
only ones worth considering; rather, we chose them because they
cover a broad range of alternative approaches and can therefore
provide a good starting point for developing policy guidelines for
assessing existing Federal initiatives and designing new ones,

We used a case study approach because of the paucity of
previous research on specific types of university-industry cooper-
ation. We found no data bases or other information sources avail-
able that could be used to determine the specific types of bene-
fits and issues associated with specific types of cooperation.

Nor did we find any information on what makes cooperative ventures
succeed. Our approach, therefore, was exploratory and limited in
the types of questions asked and the number of cases considered.
We did not inventory all existing types of cooperative arrange-
ments but restricted our scope to three. We also did not attempt
to include all existing examples of these three types, but opted
for more in-depth examinations of a small number of cases. We did
not systematically evaluate the effectiveness of the arrangements
examined nor did we carry out cost/benefit analyses for either
university or private firms participating in these cooperative
arrangements.

We did not include arrangements between individuals and
organizations (e.g., faculty consulting), arrangements where
facilities or equipment are shared, or arrangements where the
focus is managerial or financial rather than technical., Nor did
we include indirect approaches to stimulating university-industry
interaction such as tax incentives or matching grants.

To develop information on the three types of university-
industry arrangements, we conducted 4 in-depth case studies of
existing collaborative arrangements and followed these with



briefer examination of 12 additional arrangements. (See tables 1
and 2 for detailed descriptions of each arrangement.)

The case studies

The four examples of university-industry arrangements we
selected for in-depth case studies were: the relationship be-
tween Stanford University and the Stanford Industrial Park; the
cooperative research centers established at the Massachusetts
Institute of Technology (the Polymer Processing Program) and at
North Carolina State University (the Furniture R&D Applications
Institute) and the efforts of the Georgia Institute of Technology
(Georgia Tech) to use the extension approach to assist firms in
non—-agricultural industries,.

We chose Stanford because it was the first university-
related research park established in the United States and is
widely considered the most successful. We selected MIT's Polymer
Processing Program because it was one of the first cooperative
research centers to be funded by an NSF program, the Industry/
University Cooperative Research Center Program (IUCRC), which has
served as a prototype for current Government efforts to support
the creation of centers for industrial technology.

We chose the Furniture Institute at North Carolina State
University because it was regarded as a less successful NSF ex-
periment and because it provided valuable information about the
factors which may lead to failure in cooperative centers even
when there is Government support.

Georgia Tech's industrial extension program was chosen
because it includes a variety of different extension activities
directed at nonagricultural clients.

For the in-depth case studies, we conducted 85 open-ended
interviews with university administrators, faculty, students, and
key representatives from industry management and participating
industrial research staff.



Table 1

Case Studies of

Existing Collaborative Arrangements

Research Parks

B - T TR S

Stanford
Industrial Park

D R T T R =

Research Triangle
Park of North.
Carolina

University of
Utah Research
Park

Cooperative Research
Centers

Massachugsetts Institute
of Technology's Polymer
Processing Program

North Carolina State
University's Furniture
R&D Applications
Institute

California Institute of
Technology's Silicon
Structures Project

Rensselaer Polytechnic
Institute's (RPI) Cen-
ter for Manufacturing,
Productivity and
Technology Transfer

University-Industry
Cooperative Research
Program in Computer
Graphics and CAD/CAM 3/
at RPI

Center of University of
Massachusetts/lndustrg
Research on Polymers 2/
University of
Delaware's Center for
Catalytic Science and
Technology

Ohio State University's
Center fog Welding
Research 2/

Empire State Paper
Research Institute

Industrial Extension
Services

Georgia Institute of
Technology's Industrial
Extension Division

B . T R N

Industrial Extension
Service of North Carolina
State University

Pennsylvania Tech-
nical Assistance
Program (PENNTAP)

Texas Engineering
Extension Service,
The Texas A&M

University System

3/Computer-aided design and computer-aided manufacturing.

E/These were the only two arrangements we did not visit.

program directors at a conference sponsored by NSF.

v O

We interviewed



Type

Research
Park

Cooperative
Research
Centers

Table 2

Description of University-Industry Cases Visited

Name

Stanford
Industrial
Park

Research Triangle
Park of North
Carolina

University of
Utah Research
Park

Massachusetts
Institute of
Technology's (MIT)
Polymer Processing
Program.

North Carolina
State University's
Furniture R&D
Applications
Institute

Description

--Located on campus of Stanford
University.

-~Predominantly scientific, techni-
cal, and research oriented firm
with major representation to date
in fields of electronics, space,
publishing, pharmaceuticals,
and chemistry.

--Formed by Duke University in
purham, the University of
North Carolina in Chapel Hill,
and North Carolina State Uni-
versity in Raleigh.

--Tenants engage in research,
development, and scientifically
oriented production.

--Located on land adjacent to
university campus.

--Includes high technology firms,

-=-Concentration in medical and
earth technologies.

--0ne of three centers initiated
by NSF with Federal cost-sharing
in 1973; self-supporting since
1979.

--Includes 12 noncompeting
industrial clients,

--pAffiliated with MIT's Laboratory
for Manufacturing and Produc-
tivity.

--0One of 3 centers initiated by
NSF with Federal cost-sharing in
1973; no longer in operation.

~~-Included 6-8 firms in the

furniture industry.

--Carried out research and
technology transfer oriented to
needs of the furniture industry.

--Pree-standing institute housed
in furniture manufacturing and
management curriculum in the
Industrial Engineering
Department.



Table 2, continued

Name

California
Institute of Tech-
nology's Silicon
Structures Project

Rensselaer
Polytechnic Insti-
tute's (RPI) Center
for Manufacturing,
Productivity and
Technology Transfer
at RPI

University-Industry
Cooperative Research
Program in Computer
Graphics and CAD/
CAM at RPI

University of

Delaware's Center for

Catalytic Science
and Technology

Description

-~-Received grant from NSF which
has primarily addressed
instrumentation needs.

~-Nine high technology firms
support this project.

-=-Located in Cal Tech's
Computer Science Department.

--Receives no Government support.

--Membership is drawn from firms
in the manufacturing industries.

--Interdisciplinary department-
level organization reporting to
the Dean of the School of
Engineering.

--Transfers new technology to
industry by solving the
specific manufacturing problems
of each industrial client.

~=-NSF cooperative centers grant
helped to convert the CAD/CAM
activity (initiated by RPI) from
an industrial associates program
to a cooperative center.

~~Member firms from the aircraft,
computer, and graphics industries
and firms from other industries.

--Located in the School of
Engineering.

~-Focus is on long-range R&D
needs of industry in the areas of
computer graphics, the use of com-
puter graphics in computer-~aided
design (CAD), and its relationship
with computer~aided manufacturing
(CaM).

~-A project from ERDA (the pre-
decessor of the Department of
Energy, DOE) assisted in the crea-
tion of this center. The Catalysis
Center has received support from
DOE, the Environmental Protection
Agency, and NSF.

~-Has 23 industrial sponsors from
the oil and chemical industries.

~-Located in the Department of
Chemical Engineering with parti-
cipation by members of the Chemis-
try Department.



Industrial
Extension
Services

Table 2,

Name

Empire State Paper
Research Institute
(ESPRI)}, State
University of New
York's College of
Environmental
Science and Fores-
try at Syracuse

Georgia Institute
of Technology's
Industrial
Extension Division

Industrial

Extension Service
of North Carolina
State University

Pennsylvania
Technical
Assistance Program
(PENNTAP)

Texas Engineering
Extension Service

continued

Description

--Performs fundamental research in
catalysis which underpins the
technology needed to address
problems of energy and raw mate-
rials utilization.

--Established in 1958 by Empire
State Paper Research Association
(ESPRA}. Began as the ESPRA
research group in 1946,

--Serves 78 corporations in 15
countries which constitute
the entire membership of ESPRA.

--Located in College of Environ-
mental Science and Forestry,
and is closely linked with the
College's Department of Paper
Science and Engineering.

--Focuses on fundamental research
oriented to the production of
pulp and paper.

--Located in the university's
Engineering Experiment
Laboratory.

--Provides service through state-
wide system of 8 field offices.

--Oriented to serve small manu-
facturing firms,

--Extension agents located in uni-
versity departments.

--Provides field services, continu-
ing education, and services
through departmental units to
a variety of industries.

--Created with Federal cost-
sharing.

--Extension agents located in
university departments.

--0Oriented primarily to dissemi-
nate data and information to a
variety of industries.

—--Predominantly educational
program.,

--Aimed at developing occupational
training programs in a number of
different fields.



CHAPTER 2

THE RESEARCH PARK APPROACH

Research parks are composed of clusters of firms located on a
site near a research university in which industrial occupancy is
restricted to research~intensive organizations. Interest in the
potential benefits of locating research-intensive firms near
high-quality research universities was sparked in the late 1950s
as a result of the dramatic successes achieved by innovative new
firms which were started in the areas surrounding the Massachu-
setts Institute of Technology (MIT) and Stanford University. The
firms located near these universities often originated as spin-
offs of university research, to exploit state-of-the-art develop-
ments in science and engineering.

The success of Stanford's research park in contributing to
the welfare of the university and to the economic development of
the region led to a number of efforts to replicate the research
park approach at other universities. A 1980 report prepared by
Ohio State University found that 27 university-related research
parks have been started since 1951, the year that the Stanford
park was opened. Not all of these have succeeded, however. The
report found that of the 27, 6 had clearly succeeded, 16 had
failed, and 5 were "in-between."

The three parks we selected are not a representative sample
since all of them have experienced some success. Two of our
three cases--Stanford Industrial Park and the North Carolina
Research Triangle Park--are generally regarded as successes while
the University of Utah Park is characterized in the Ohio State
Study as being "in-between."” In our analysis, we sought to
identify the specific attributes that contributed to the success
of the parks we studied. Research parks can be termed successful
when they attract a large number of industrial firms. However,
our major criterion for success is a research park's capacity to
stimulate interaction between universities and industries in ways
that enhance technological innovation.

In this chapter we describe the ways research parks work to
promote university-industry interaction and delineate the types
of research cooperation in the parks we examined; we discuss the
contributions that research parks can make to R&D in the United
States; we identify the factors that we found to be critical in
achieving successful university-industry cooperation in research
parks; and we discuss the roles that the Federal Government has
played in fostering successful research parks.
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HOW RESEARCH PARKS WORK
TO_PROMOTE UNIVERSITY-INDUSTRY
INTERACTION

Academic scientific research has traditionally been somewhat
segregated from industrial research activity in the United States
because of differences in attitudes and research objectives. 1In
this section, we describe how locating research parks near uni-
versities can lead to increased levels of interaction and re-
search cooperation between researchers in the two sectors.

Increased interaction

First, research parks break down spatial barriers between
university and industry researchers, making it convenient for
them to interact more frequently and more intensely. Frequent
and effective exchanges of information increase understanding be-
tween the sectors and make mutual assistance more likely. Scien-
tists can gain more familiarity with the problems and perspec-
tives of their counterparts in the other sector. This broadens
their understanding of the possible implications of their own
work and allows greater ongoing access to new developments as
they arise.

Second, university and industry personnel are more likely to
take advantage of each other's existing programs and resources in
a research park setting. Industrial scientists in research parks
frequently attend university lectures and seminars. They are
likely to take advantage of university adjunct professorship
appointments and often serve as visiting lecturers or as members
of dissertation committees, Firms located in research parks are
often active participants in university industrial-affiliate and
continuing education programs. Similarly, university researchers
and students attend lectures and seminars at firms located in the
park, and faculty members take advantage of increased opportuni-
ties for consulting arrangements. Researchers from both sectors
take advantage of the wider range of facilities present in re-
search parks, such as libraries and special-purpose laboratory
equipment.

Third, research parks provide opportunities for creating
new cooperative programs. We found a number of these programs in
our survey. For example, programs for sharing laboratory facili-
ties were developed in all of the parks we visited, and most had
instituted personnel exchange programs. Closed-circuit televi-
sion transmission of continuing education programs has been
established at Stanford to address the needs of research park
residents; similar capabilities are currently being developed in
the Research Triangle Park of North Carolina.
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Research collaboration

Research parks are most successful at fostering joint
university-industry research collaboration in areas on the fron-
tiers of science, especially those that are seen as having great
commercial promise. Collaboration takes a number of different
forms and ranges across the R&D spectrum, including basic re-
search, applied research, and development. We even found one in-
stance of product testing.

Companies that find research parks attractive and econom-
ically feasible are often those whose competitiveness and growth
are determined by their innovative research and for whom deci-
sions about the location of either the entire firm or a research
facility are not heavily influenced by other factors (e.g., prox-
imity to markets, raw materials, or unskilled labor). For these
firms, gaining early access to new developments in university
research is a key to their continued success. They, therefore,
are most interested in locating near universities that are on
the research frontiers of the fields in which they have primary
interest. 1In these circumstances, the mutual interests of uni-
versity and industry researchers tend to be concentrated in
state~of-~the-art research.

Collaboration in basic research took place in all of the
research parks that we visited, most often carried out in univer-
sity laboratories but also in the laboratories of industries and
research institutes. Typically, collaboration involved either
industry funding of specific basic research projects or industry
monitoring of basic research developments on an ongoing basis.

Applied research conducted in university laboratories and
research institutes often involves university faculty and indus-
trial researchers cooperating in defining research needs and de-
sign, as well as in performance. Because of their proximity to
the university, firms located in the park are able to use univer-
sity consultants continually in planning, directing, designing
and evaluating research conducted in industrial laboratories.

Development activities in research parks are concentrated in
industrial laboratories because of the firms' concern about the
proprietary nature of results and the desire to integrate engi-
neering with the design of manufacturing prototypes. There are
two types of university involvement in industrial development:
faculty consulting, and industrial recruitment of students with
research experience and aptitudes related to their development
activities. Proximity to the university allows industry to iden-
tify students with knowledge and expertise in areas relevant to
their needs and to cultivate relationships with them early in the
recruitment process.

We saw one example of the use of the university as a neutral
testing site for new industrial products. Burroughs-Wellcome
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Company, a resident of Research Triangle Park, produces pharma-~
ceuticals and contracts with eminent medical schools to conduct
clinical trials on new products. Particularly when the clinical
trial is a critical one, Burroughs-Wellcome finds it convenient
to have the trial conducted close to their offices. Therefore,
the company frequently contracts with the medical schools of Duke
University and the University of North Carolina for such trials.

MAJOR OUTCOMES THAT CAN BE
EXPECTED FROM RESEARCH PARKS

Increased interaction between universities and industry in
research parks helps contribute to R&D in the United States and
the regions in which they are located in the following ways:
increasing the availability of sophisticated facilities, equip-
ment and expertise to scientists and engineers in industry and
academia; facilitating early recognition of research break-
throughs that make new products and processes possible; improving
preparation of science and engineering students for industrial
careers; continuing education of industrial researchers; and
enhancing regional and local economic development.

Increased availability of expertise
and facilities

Many interviewees reported that one of the most pervasive,
although difficult to measure, outcomes of the research park
arrangement is its effect on the efficiency and creativity of
research and development. As the opportunities for contact with
well-informed, productive, creative scientists and engineers
increases, the likelihood of each researcher's thinking and
performance being stimulated and sharpened also increases. We
found numerous examples where access to university research and
researchers were reported to have influenced industrial R&D and
similar cases where university research was influenced by indus-
trial researchers and technological developments. But many of
these examples of mutual stimulation across university-industry
lines cannot be easily traced; the effects must be assumed to be
a probable result from the increased communication and access
made possible by successful park arrangements.

Facilitating early recognition of
research breakthroughs

The increased communication between scientists and engineers
described above stimulates innovation not only by influencing re-
search but also by improving the flow of research results across
institutional boundaries. 1In addition, research parks contribute
to innovation by facilitating the licensing of university re-
search discoveries, and providing an environment conducive to the
development of spin-off firms.
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The patenting and licensing of new inventions is complex and
time-consuming, deterring many university professors from pursu-
ing potential inventions to commercialization. All of the uni-
versities we examined had technology licensing programs to per-
form this function. 1In these programs, personnel are assigned to
evaluate inventions for their potential for success, carry out
the patenting process, and promote and arrange licensing agree-
ments with industry. One problem with most technology licensing
offices is that the inventor often cannot be personally involved
in demonstrating the merits of his idea to industry. The in-
creased access to industry in research parks facilitates 1li-
censing by allowing the inventor to participate in promoting the
invention to park residents.

Research parks are excellent spawning places for spin-off
companies, because they provide the business and technical exper-
tise necessary to support promising ventures. Spin-off companies
are usually started by individuvals who draw heavily on scientific
and technical knowledge used in their previous employment, whe-
ther it was with an industrial firm, a university, a Government
research agency, or a nonprofit laboratory.

spin-off firms can originate with university or industrial
researchers in a research park, depending upon the stage of re-
search progress in an area. Firms are more likely to spin off
from university research in areas where commercial application is
just beginning. As the number of firms exploiting a given body
of knowledge increases, spin-offs are increasingly likely to be
offshoots of industrial R&D rather than university research. 1In
the Stanford University Industrial Park, for example, there were
two distinct generations of spin-off companies. The first gene-
ration (companies such as Hewlett-Packard, Watkins-Johnson, and
Varian) are spin-offs of research originally conducted at the
university. The second generation consists primarily of compa-
nies that have spun off from other high-technology firms.

spin-off companies tend to stimulate additional spin-offs
because they provide a success model for potential entrepreneurs.
This encouragement of risk-taking has been an important aspect of
the University of Utah Research Park. The Utah park includes
among its occupants two organizations that exist primarily to en-
courage entrepreneurship. One, the University of Utah Innovation
Center, is funded by NSF to help entrepreneurs begin new businesses
by providing them with access to university facilities and exper-
tise. The other, Resource Enterprises, Inc., has as its primary
objective enhancing its parent company's (Terra-Tek) diversifica-
tion and growth by providing managerial, accounting, legal, and
financial assistance to entrepreneurs interested in translating
their ideas into new subsidiaries for Terra-Tek.
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Improved education for students
and industrial researchers

Research parks provide numerous opportunities for upgrading
the education of science and engineering students. Graduate stu-
dents in many disciplines work for participating corporations as
research assistants and consultants year-round. Participation in
industrial research increases student familiarity with industrial
interests and procedures and sensitizes students and faculty to
the challenges of industrial work. PFirms in all of the research
parks that we visited reported using students to aid in research
tasks.

Another common practice of industrial firms in research
parks is sharing rare or expensive instruments and equipment with
university faculty and students. This enables students to under-
take projects that they would otherwise be unable to attempt,
thereby adding an additional dimension to their research and
education. :

Continuing education opportunities for industrial scientists
and engineers are also enhanced. Because they work in companies
that depend on exploiting developments in research for their suc-
cess, industrial researchers need to constantly update their sci-
entific and technical knowledge. Continuing education programs
provide the instruction needed to keep up with new developments.
Universities in two of the research parks we examined provide
continuing education programs for the scientists and engineers
employed by the firms in their park.

Stimulation of regional economic development

Each of the parks we visited has had a positive effect on
the local economy. In North Caroclina and Utah, the desire for
accelerated economic development led directly to using research
parks affiliated with State universities to attract new high
technology firms. At Stanford, an important motivation for the
development of the research park was concern over the "brain
drain®™ of Stanford-trained scientists and engineers to large east
coast companies. Many technology-~intensive firms, both large and
small, have been attracted to the Silicon Valley region surround-
ing the park to take advantage of the university and the indus-
trial cooperative education program.,

FACTORS NECESSARY FOR SUCCESSFUL
UNIVERSITY-INDUSTRY INTERACTION

Physical proximity of a university to private firms is not
sufficient to assure that a research park will produce the re-
sults described in the previous section. We found that two im-
portant factors increase the probability that a park will make
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such contributions. Faculty and administrators must be committed
to having an ongoing relationship with industry be an integral
part of the university's mission, and the strengths of the uni-
versity and the interests of park tenants must be well-matched.

Integration into the
university's mission

Developing a strong and positive relationship between
universities and private firms requires more than a university
decision to sponsor a research park. University administrators
must find ways to make interaction with industry an accepted part
of programs of research and education aimed at achieving academic
excellence. Dr. Terman of Stanford has noted that:

"If a university is to become an important factor in
industrial development, a significant number of faculty
members must develop and maintain personal acquaintances
with key people in local industry and...[help] local in-
dustry become acquainted with the university. These fa-
culty...must have a real perceptive interest in the
problems of industries so that some degree of involve-
ment with industry is a pleasure, not an assigned chore.
It is also necessary to educate those segments of the
local industry that are oriented toward an advancing
technology, to the fact that the university can be a
great value to them, and that it is to their advantage
to make an effort to learn what the resources of the
university are and how they can be used."

To develop and sustain successful collaboration, the
university must maintain a fragile balance between policies that
reward the active pursuit of relationships with industry and com-
mitment to high quality academic performance. In the research
parks that we visited, we found two approaches to the problem of
integrating ongoing interaction with industry into the tradition-
al mission and objectives of the university. The first was to
develop university policies that incorporated interaction with
industry into a larger plan for upgrading and sustaining the aca-
demic excellence of the university. The second approach was to
make involvement in the research park a part of the university's
public service mission.

Stanford is unique among the universities we examined in its
success at using both of these approaches. For this reason, sev-
eral schools have used it as a model. The success of the Stan-
ford University Industrial Park hinges on the university's abili-
ty to combine encouragement of industrial interaction and commu-
nity service with a continuing commitment to the highest stan-
dards of academic excellence.
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Stanford used long-term planning to ensure that its
attempted blending of academic and industrial priorities would
succeed. In 1944, under the leadership of Dr. Frederick Terman,
who served as both Dean of Engineering and Provost of the univer-
sity during the postwar period and who foresaw the increase of
Federal support for university research that was to occur in the
1950s and 1960s, the university developed a 20-year plan to use
this support to build Stanford from a good regional university
into a nationally prominent research institution. Part of the
plan involved making Stanford a nucleus for industrial R&D to
provide local jobs for Stanford graduates and to join the univer-
sity with industry in contributing to the economic growth of the
region. University resources were concentrated on attracting to
Stanford the top researchers in disciplinary sub-specialities
selected for their potential to make contributions to "growth
industries."

To increase faculty interest in interacting with industry,
the university also instituted a reward structure that provided
strong incentives for such interaction and gave high priority to
admitting firms into the research park that were likely to con-
tribute to the university's academic objectives. Most important,
the university's plan was explicitly based on a conception of on-
going university-industry cooperation as complementing, rather
than competing with, traditional university commitments to acade-
mic excellence and public service.

In contrast to the Stanford approach, the parks we studied
at North Carolina and Utah were developed largely as an outgrowth
of university commitment to a public service mission. In both
cases, State universities became involved at least partly as a
result of State governments conceiving universities as regional
resources that could be used to attract new, high-technology in-
dustries. 1In neither case was much effort devoted to integrating
industrial interaction with the academic missions of participa-
ting schools~-ongoing comprehen51ve plans like Stanford's were
not developed.

The absence of policies that explicitly connect the academ-
ic program of the unlver31ty to the research parks has led to
these two parks experiencing more limited success than Stanford
in stimulating university-industry interaction. North Carolina's
Research Triangle Park has been somewhat more successful in this
regard than has Utah. The key to this success has been the
strong commitment of one of the participating schools to public
service. North Carolina State University (N.C. State) has been
substantially more involved in interaction with park residents
than has Duke or the University of North Carolina. N.C. State is
the State system's engineering school and consequently has much
to offer the participating firms. As a land-grant college, the
university has a history of commitment to both academic excel-
lence and the application of knowledge to practical problems
outside the university. N.C. State has led the way in shaping
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thg character of university-industry relations in Research
Triangle Park, which is strongest in education and consulting.

By contrast, Duke, which is a traditional, private, academ-
ically oriented institution, has not established significant in-
teraction with industry because of faculty indifference. Duke's
Dean of Research noted that his school has one of the best genet-
ics departments in the United States, yet it has almost no con-
tact with industry. He also noted that Duke is currently at-
tempting to increase its industrial relationships by building
administrative structures to work with industry, using Stanford
as its model.

The University of Utah has attempted to develop its research
park along the lines laid out by Stanford but has achieved only
limited success. One factor that caused difficulty was the sud-
den way in which the university committed itself to a research
park (see p. 20). 1Initial interest in developing the park was
aroused by the availability of surplus Federal land that bordered
the university. Action to secure the land and develop the park
had to be carried out quickly, and there was little time for pre-
paration. We found, conseguently, that interaction between park
tenants and the University of Utah is concentrated in exchanges
of personnel through adjunct professorships and faculty consult-
ing, equipment sharing, and continuing education; participation
in joint research programs was not extensive. The university has
apparently not succeeded in encouraging interaction from the
viewpoint of either academic interest or public service.

Matching university
strengths and industrial objectives

Effective university-industry interaction is more likely to
occur when university strengths are well-matched to industrial
needs. The shared interests that we found in the parks we visit-
ed varied from firms that moved to a park because of a strong in-
terest in the work of a single researcher to firms that had no
specific substantive interest but were anxious to move to an area
that had a strong academic ambience to meet the needs of their
professional employees. Many companies were attracted by a
single department of a university. The electrical engineering
department at Stanford, the medical school at the University of
North Carolina, and the bioengineering department at the Univer-
sity of Utah were all mentioned by industrial representatives as
factors in their firms' decisions to relocate. Some firms at
Stanford were attracted by the overall quality of the university.
A number of the firms moved to Research Triangle Park because of
the quality of life in the area.
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We wish to reemphasize that the existence of an excellent
academic department close by an industrial firm that has similar
research interests is not sufficient for an active collaborative
relationship. The university must work at making a fruitful
relationship a reality.

THE FEDERAL GOVERNMENT'S ROLE

The Federal Government has played two influential roles in
creating and maintaining successful university-industry interac-
tion in research parks. 1t has provided funding for basic and
applied research that has helped universities to develop their
research capacity, thus attracting industrial firms to the parks,
and helping to support spin-off firms; and it has sometimes
helped research parks form and grow by providing other types of
support, such as land or moving Federal research installations .to

parks.

Funding basic and applied research

The most important role that the Federal Government has
played in stimulating university-industry relations in research
parks is indirect. By taking upon itself the stewardship of
basic research in the United States and increasing support of
applied mission-oriented research, the Government has helped
develop a research capacity in some universities that has made
them a magnet for high-technology industries.

This infusion of Government money into university research
has helped universities in several ways. First, it has under-
written the development of academic departments that have pro-
duced students and research results of direct interest to indus-~
try. We found a number of instances where companies have moved
near universities specifically to have ongoing access to research
activities, students, and faculty in a particular field of sci-
ence. Second, this Federal support has led to the creation of
new firms founded by university researchers interested in pursu-
ing commercial applications of their own work. These firms often
secured considerable financial support in their early years from
Government R&D and procurement contracts. Third, the availabili-
ty of Government research support protects the independence of
university researchers and allows them to pursue only those in-
dustrially-sponsored research opportunities that also contribute
to scientific progress in their fields of expertise.

Other types of support

While the Federal Government has never specifically attempted
to initiate a research park, we identified several Federal actions
that have contributed to creating and maintaining specific parks.
These include moving Government facilities to research parks, pro-
viding Federal land for parks, and creating a federally funded
innovation center in a research park.
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Moving Federal facilities to research parks helps bring
together researchers in specialized fields who can share exper-
tise, facilities, and ideas that enhance innovation. The Envi-
ronmental Protection Agency (EPA), for example, is the largest
single employer in North Carolina‘'s Research Triangle Park.
Firms there, as well as the universities associated with it,
interact frequently with the EPA research facility. Federal
research organizations also can increase the number of park
tenants by drawing firms that do work relevant to the particular
agency's mission.

The land for the University of Utah Research Park was
acquired from the Federal Government under the provisions of the
Public Purposes and Recreation Act, which allows surplus lands to
be deeded to States for public purposes. 1In this case, the land
was part of a former fort that had been declared surplus by the
Secretary of Defense. As an expanding university which had al-
ready acquired much land, the university could not have justified
acquiring additional land under normal circumstances. However,
since the university was able to adopt a plan to use the land as
a research park, it was deeded to the State by the Department of
the Interior, which audits its use on a semiannual basis. Since
the availability of land near a university is crucial in develop-
ing a research park, the Government's role in this case was cri-
tical. However, the circumstances were unique and such Govern-~
ment assistance would be unlikely in most cases.

NSF has played a unique role at the University of Utah
Research Park through its support of the Utah Innovation Center
(UIC). UIC was organized to help entrepreneurs set up high-tech-
nology companies. The center provides would-be entrepreneurs
with start-up funds, laboratory and work space, and access to
facilities and personnel in return for equity in the companies it
helps to create. Formal university course work is used as a part
of the program to prepare entrepreneurs to run their own busines-
ses. The courses are particularly important in instructing engi-
neers how to prepare financial statements and carry out long-term

financial planning.
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CHAPTER 3

COOPERATIVE RESEARCH CENTERS

INTRODUCTION

The cooperative research center approach to university-
industry cooperation joins a number of firms with a university
in a long~term research program in an area of common interest to
the participants. The approach differs from many other types of
university research centers and from most university-industry
research consortia because, in cooperative centers, industrial
sponsors play an active role in making policy, planning research
projects, and overseeing the implementation and evaluation of re-
search conducted at the university.

Cooperative research centers have received considerable
Government attention during the last decade as promising mecha-
nisms for bringing together university and industrial resources
in research areas that fall between academic disciplinary re-
search and the specific areas of applied research pursued by in-
dividual firms. NSF has been supporting cooperative research
centers through its Industry-University Cooperative Research Cen-
ters Program (IUCRC) since 1973. More recently, the Congress
passed the Stevenson-Wydler Technology Innovation Act (P.L. 96-
480), which includes provisions authorizing the Department of
Commerce and NSF to create centers for industrial technology to
be affiliated with universities or other nonprofit organizations
and aimed at stimulating industrial innovation.

We performed two in-depth case studies of cooperative
research centers and examined seven additional centers in less
detail. The in-depth studies--both the Polymer Processing Center
at MIT and the Furniture R&D Applications Institute at North
Carolina State--were initially funded by IUCRC in 1973. Of the
seven additional cases, three centers more recently received
funding through the IUCRC, three received some Federal support
but not from IUCRC, and one received no institutional support
from the Federal Government.

In this chapter, we describe how cooperative research cen-
ters work, what they produce, some factors critical to their suc-
cess, and the roles Government has played in fostering their suc-
cess.

HOW COOPERATIVE RESEARCH CENTERS WORK

The purpose of the cooperative research center is to provide
an opportunity for sponsoring firms to pool their resources to
support research in an area of shared but limited interest.,
Locating the center at a university provides additional benefits
in that individual industrial sponsors do not have to acquire re-
search facilities or equipment and they may take advantage of the
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relatively inexpensive labor of.ctudent researchers. The univer-—
sity derives benefits because the center provides research sup-
port for students and faculty and also provides valuable training
for students planning to pursue industrial careers.

All of the centers that we examined were first proposed at
universities; promoters of the idea then sought support among
university faculty and administrators and among industrial repre-
sentatives. The centers generally were structured to include
industrial advisory panels to help formulate center policies,
research agendas, and procedures; a director who was responsible
for the day-to-day operation of the center and who served as
liaison between university and industrial participants; and stu-
dents and faculty who had primary responsibility for designing
and carrying out research projects. Most of the centers had some
type of reqular reporting procedures in which the progress and
results of research were communicated to industrial sponsors.

The primary activity of cooperative”centers is research. We
found that the research performed in cooperative centers fills a
gap in the overall U.S. research agenda that probably would not
be filled by more conventional research arrangements. Many of
the centers we visited were devoted to technologies (e.g., weld-
ing, automated batch manufacturing, and the design of silicon
chips}) that had been previously identified as being of substan-
tial significance to one or a number of U.S. industries but which
were not likely to become the focus of individual industrial
research laboratories.

In the centers we visited, we found that the research per-
formed was predominantly applied, ranged from being oriented to
the needs or interests of an entire induystry or several indus-
tries to projects focused on the spmmfﬂ%é concerns of a single
sponsoring firm, and was often a hybrid of industrial and acade-
mic approaches to the design and reporting of research.

We found that most of the research carried out in coopera-
tive centers was directed toward the practical application of
knowledge and, therefore, falls broadly under applied research.
However, the work varies substantially both within a given center
and among centers, ranging from basic research "directed" at dis-
ciplinary areas having high potential for industrial applications
to developing "closed system" or "turn-key" technologies that are
ready for industrial use. Some centers, e.g., the University of
Delaware Catalysis Center, engage primarily in focused fundamen-
tal research. Research is driven primarily by a desire to ex-
plore the phenomenon of catalysis, but areas of research are
selected which can be exploited by industry. On the other hand,
centers such as the Renssalaer Polytechnic Institute (RPI) Center
for Manufacturing produce technologies that can be transferred
directly to the manufacturing firms.
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As they mature, centers often change the balance of basic
and applied research. Some center directors told us that at
first they performed applied research specifically tailored to
the problems of their sponsors in order to demonstrate their use-
fulness to industry and thereby attract "repeat business." The
Empire State Paper Research Institute (ESPRI), for example, began
with a very short-term, practical problem which faced its first
group of member firms. The research program later expanded its
scope first to address all aspects of wood pulp and later, as the
composition of its industrial membership expanded and diversi-
fied, into fundamental, long-range research for the paper indus-
try. _

How cooperative centers orient research has a number of
implications for center participants. The more basic the re-
search orientation, the greater the reliance on the sponsor's
capacity to translate the research conducted at the center into
specific applications. Centers that strongly emphasize applied
research are likely to be located in engineering schools or asso-
ciated with university departments with a similar emphasis, while
centers that focus on basic research are more likely to be asso-
ciated with more traditional, discipline-oriented departments.

All the centers we examined were interested in achieving
generically useful expertise in their areas of research speciali-
zation, but went about it in different ways. Some centers se-
lected all of their research projects on the basis of each pro-
ject's general relevance to the research needs of a number of
sponsoring firms. Others tailored projects to the specific in-
terests of each industrial sponsor, arguing that the shared know-
ledge and experience gained by executing several such projects
increases capability in the area. Several factors influenced
this choice of strategy, including the number of sponsoring firms
in the center, the cost of joining the center, and the nature of
the technological area in question.

Cooperative research centers are distinguished from other
university research organizations by their hybrid status; they
are crosses between university and industrial research operations
that often combine the research practices of both sectors. How
the research process is organized at many centers provides a
marked contrast with more traditional university research organi-
zations. At these centers, project proposals define measurable
objectives (goals) and establish observable milestones within a
set timetable.

Also, results of research performed at centers is often
consciously packaged for industrial consumption. For example,
the Catalysis Center at the University of Delaware presents
research results to member firms in a format that "resemblés the
internal progress reports of a company," and avoids the "typical
academic trap of obscuring...details."
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UNIVERSITY-INDUSTRY INTERACTION IN
COOPERATIVE CENTERS

Cooperative research centers can increase the level of uni-
versity-industry interaction in two areas--research and educa-
tion--in improving coordination of jointly planned university and
industry research, producing generic research that contributes to
industrial innovation and productivity of sponsors, and improving
education and training of scientists and engineers oriented
toward industrial careers.

Improved research coordination

Cooperative centers provide opportunities for university-
industry interaction at each stage of the research process, i.e.,
in the planning of a research program, the design and implementa-
tion of research projects, and in the transfer of research find-
ings to industry for development.

The centers enable university and industrial researchers to
coordinate their research agendas, which can increase the pool of
ideas available, and can also increase the probability that uni-
versity research will produce findings relevant to industry.

Cooperative centers provide opportunities for increased com-
munication and coordination between university and industry re-
searchers, and between researchers within each sector. They are
viewed by some as mechanisms for increasing communication between
firms and thereby initiating discussions of problem areas in in-
dustrial processes that could benefit from innovation. Those at
ESPRI, for example, believe that meetings between papermakers and
machine-builders (two types of firms that play different roles in
papermaking) can upgrade the quality of the papermaking process.
Instances of increased interaction within participating firms and
across departments of participating universities were also
reported.

Research that contributes to
industrial innovation and productivity

Cooperative research centers can contribute significantly to
industrial innovation and productivity by conducting research
that increases industrial understanding of the scientific basis
of technology. Center researchers described industrial processes
such as polymer processing and catalytic technology as being
based on "black arts" rather than on a systematic understanding
of the underlying characteristics and properties of materials and
processes. For example, faculty members at Cal Tech's silicon
structures project said that they decided to focus on the design
of silicon chips because "industry had an engineering perspective
in this area but no research understanding.”

24



Cooperative centers also contribute to innovation by provid-
ing industry with early access to university research. Ability
to take advantage of this early access varies with the sponsoring
firm's research sophistication. For all firms, early access
"shorten(s) the gestation period necessary before university ideas
reach the factory floor."™ A representative of the Empire State
Paper Research Association (ESPRA), the organization which
administers ESPRI, said that ordinarily, firms in the paper in-
dustry would have to wait 3 years before seeing something in the
general literature. Membership in the paper institute gives them
immediate access to university research.

In addition, for firms with sophisticated research capabili-
ties, early access to research ideas can lead to spin-off projects
in their own labs that may lead to insights in totally unrelated

areas.

Research at cooperative centers can raise productivity by
helping firms to conserve materials and improve quality control.
One example of a firm that realized substantial savings in time
and money in this way is Bethlehem Steel Company. Computer
graphics developed by RPI's CAD/CAM Center streamlined Bethle-
hem's steel rolling process, saving the firm costly machine runs
and wasted materials. A research manager at Bethlehem Steel
stated that the company would have "eventually" adapted this in-
novation, but the center made its introduction possible at an
earlier time by helping to sell it within the firm,

Improved education and training of
sclentists and englneers

Cooperative centers can improve scientific and engineering
education in several ways. Both students and industrial scien-
tists can benefit from association with these centers, as can the
curriculum in affected areas.

Educational improvement is explicitly recognized by most
centers as a primary goal. A primary objective of some of the
centers we visited was to upgrade the quality of scientists and
engineers entering specific industrial fields. For example, when
we interviewed the Associate Director of RPI's Center for Manu-
facturing, he characterized the center's primary objective:

...to attract the cream of students into the manufactur-
ing area and to overcome the defect in the educational
system at the secondary level. 1In high school, students
are told that if they're bright, they should use their
brains rather than their hands. Consequently, in col-
lege such students see themselves as managers/techno-
crats [instead of] getting oil on the end of their

trousers.” :
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Similarly, a research manager from Bethlehem Steel said that his
firm participated in the CAD/CAM Center in order to hire graduates
and, therefore, develop its human resources.

Students who are involved with cooperative center research
get direct experience working with industry. They work on pro-
jects oriented to industrial needs. They interact closely with
scientists and engineers while doing the research and during tech-
nical review sessions, where their research is critiqued by indus-
try. They often have the opportunity to visit industrial research
sites and to work as interns at firms. As a result of these ex-
periences, students develop a much more realistic picture of in-
dustrial research. They also are trained to refine their research
performance, communication, and presentation skills to accommodate
industry. This substantially reduces the learning curve when
making the transition from the university to the industrial labo-

ratory.

Centers can offer a particularly significant opportunity to
graduates of doctoral programs in science who face a tight job
market. A postdoctoral appointment with a cooperative research
center can make them more marketable. At the University of
Delaware Catalysis Center, for example, a postdoctoral position
is viewed as a "good stepping-stone to an industrial R&D position"
for Ph.D. chemists who might otherwise find it difficult to make
the transition to an industrial research environment.

A number of the centers we visited also provide opportunities
for industrial scientists and engineers to keep in touch with
state-of-the-art developments in their fields of interest. Many
centers conduct technical sessions in which industrial researchers
receive progress reports of work carried out at the center. These
meetings, plus general interaction occasioned by the center's op-
erations, increase industrial participants' ability to keep up
with late developments through increased contacts with researchers
from the university and other firms.

Cooperative centers can also have an effect on education
which extends beyond their immediate circle of students and member
firms. Several centers have attempted to advance the level of
education in technological areas (such as catalysis) by dissemi-
nating curricula to other colleges and universities. This also
occurs when doctoral graduates who have worked in a cooperative
research setting go to teach at other colleges and universities.
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WHAT MAKES COOPERATIVE RESEARCH CENTERS SUCCESSFUL

Cooperative centers often require some modification of both
university and industry practices. Therefore, several important
considerations must be addressed if these arrangements are to
succeed, We found the following factors to be essential for the
successful creation and operation of a center:

--A research focus conducive to multiple firm
involvement.

--aAn adequate level of research expertise and equipment
at the university to attract industrial interest.

--A strong leader with experience and understanding of
both university and industry perspectives.

--Sufficient R&D'sophistication in participating firms.
~-A high level of commitment from both sectors.

--An organizational structure that promotes meaningful
participation by university and industrial representa-
tives.

All of these factors are interrelated. For example, the
center's research focus will largely determine the expertise
and equipment that are required and the kinds of involvement
appropriate for industrial and academic participants.

A research focus conducive to
multiple firm involvement

The first step in organizing a center is to identify an
appropriate area of research that is of interest to a number of
firms while not being of central importance to any particular
one. Research that contributes to a firm's essential functions
cannot be carried on in the open atmosphere of a cooperative cen-
ter because firms will want to maintain proprietary control of
results. However, the research must have some clear relevance to
the firm's operations in order to warrant annual membership fees
of $6,000 to $100,000. The research area must also have academic
significance or the center will not attract faculty and student
researchers, nor will it win academic approval as a legitimate
part of the university's research program.

Within these broad limits, the centers we visited have
developed varying levels of industrial specificity. Some focus
on the needs of a particular industry (e.g., the Furniture Appli-
cations Center at North Carolina State and the paper industry at
ESPRI}. Others, like the Ohio State Welding Center and MIT's
Polymer Processing Program, focus their research on an industrial
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process that cuts across a number of different applications.
Finally, some centers, like the Center of University of Massa-
chusetts/Industry Research on Polymers (CUMIRP}, focus on a
research area such as polymer chemistry.

Focusing on the problems of a specific industry can be very
helpful in providing a research capacity to disaggregated indus-
tries unable to sustain research on their own. However, it is
probably the most difficult strategy to implement successfully
because it depends upon the capacity of a number of competing
firms to cooperate in formulating and performing research. This
raises problems for the firms, not the least of which are con-
cerns about possible antitrust suits. Also, the interfirm commu-
nication necessary for center success can be hindered by.each
firm's fear of losing competitive advantage. At ESPRI, for exam-
ple, these problems have led to the center's promulgating strict
rules that forbid discussion of pricing and markets.

Focus on a specific technology useful to several industries
may alleviate antitrust problems by making it possible for cen-
ters to include only representatives of noncompeting firms. How-
ever, this approach often involves a problem-oriented, interdis-
ciplinary research perspective which may hinder the capacity of
faculty and students to publish their work in disciplinary jour-
nals.

One center which focused on a broadly applicable research
area, the University of Massachusetts Center for Research on Po-
lymers, has a membership of firms with sophisticated in-house
research capacities. This is necessary for technology transfer
to occur because substantial translation is usually required to
make center products applicable to specific industry problems.

Adequate research expertise,
equipment, and facilities

To successfully recruit firms and carry out a long-term
research program, a cooperative research center must first estab-
lish a substantial base of research expertise and equipment. As-
sembling sufficient financial resources for this initial task can
be difficult. In the centers we visited, initial seed funding
was often needed to hire administrative staff, recruit qualified
faculty, enlist enough firms to make a program viable, and, for
some centers, to acquire state-of-the-art instrumentation.

All but one of the centers we examined used faculty to
either conduct or oversee research. Representatives of several
centers commented that recruiting qualified faculty was very
difficult. Centers have a hard time competing with industrial
demand for engineers and scientists. The chairman of a pulp and
paper engineering department said that hiring faculty members is
a challenge when industry can offer 50 percent to 100 percent
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more than a university salary. “"When undergraduates can command
a salary of $22,000 and younger faculty can receive $25, 000, a
vast majority of Ph.D.'s go into industry...this problem is
endemic to the whole engineering profession."

For research programs requiring state-of-the-art equipment,
a source of funding that can underwrite the costs of developing
an instrumentation base is critical. For example, the Catalyszs
Center at the University of Delaware needed $100,000 worth of in-
strumentation to begin its program. This and 1ater instrumenta-
tion was eventually obtalned by combining an award from a re-
search foundation (UNIDEL) / with a contract from the U.S.
Energy Research and Development Administration. At RPI, the
university provided the funds needed to acquire equipment for its
CAD/CAM Center because its administrators believed that neither
Government nor industry money would be forthcoming for such a
"risky" enterprise.

Several centers use equipment in associated university
departments that was originally acquired through NSF grants.
The Center for University of Massachusetts/Industry Research on
Polymers, for example, uses the resources of the polymer science
department and the Materials Research Laboratory, which were ob-
tained with NSF's help.

Maintaining high quality equipment is an issue that some of
the newer centers have not yet faced. Construction of laboratory
equipment by students and support for equipment by NSF are two
alternatives that have been used by older centers. Also member
firms have donated used equipment and contributed equipment in
lieu of membership fees. Firms also donate equipment to accustom
students to its use. Sponsoring firms have donated over $3 mil-
lion worth of software and computer equipment to RPI's CAD/CAM
Center.

A strong leader

To begin a cooperative research center, one or more faculty
members or administrators is required who is committed to the
concept of cooperation with industry. These sponsors of the cen-
ter must be willing to promote the idea to other faculty, univer-
sity administrators, and representatives of prospective member
firms. Successful promotion generally involves the development
of center policies and programs that recognize the differing
interests and constraints of academic and industrial decision-
makers. Center champions are often people with both academic and
industrial experience who are sensitive to the perspectives of

l/UNIDEL is a Dupont-supported foundation dedicated to the
University of Delaware.
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both constituencies. For example, the industrial experience of
the director of the MIT Polymer Processing Center was seen as a
crucial component because of his ability to balance industrial
interest in research applications with a strong commitment to
innovative educational and research strategies at the center.

Industrial R&D sophistication

A firm's capacity to benefit from membership in a coopera-
tive center is heavily influenced by the sophistication of its
R&D capabilities. Firms which do not have substantial R&D capa-
bilities are perceived by those that do as placing excessive de-
mands on the limited resources of cooperative programs. The mem-
bership of such firms in cooperative centers creates the danger
that university researchers may become increasingly involved in
trouble-shooting and lose the fundamental focus of their re-
search. This argument was expressed by the Executive Secretary
of ESPRI, which discourages companies without research staffs
from joining the institute.

"...to profit from being a member of ESPRA, you have to
have a sufficient research capability. 1In the past,
some small companies have thought that ESPRI could
serve as their research organization...It is ESPRI
policy that firms can't come to the Institute and ask
that it solve a problem for them. This would turn
ESPRI into nothing but an errand boy."

He and others suggested that cooperative centers may be an inap-
propriate way for small firms to access the resources of the uni-
versity and that an extension service might be more appropriate
for such firms "when the university is the research organization
for the industry."

Commitment to the center
by universities and industry

For both the university and supporting firms, a cooperative
center requires adopting new methods of administering, funding,
and conducting research. Participation in a center, therefore,
requires flexibility by all parties. A high level of commitment
among decisionmakers in both sectors, especially in the formative
years, is critical if the flexibility required for success is to
be developed and maintained.

Participation in a cooperative research center requires the
university to be flexible in its publishing, patent, and licens-
ing policies. The creation of a cooperative center has required
changes in these policies at most of the universities we visited.
Traditionally, the final products of university research appear
as dissertations, journal articles, and monographs which are pub-
licly available 2 to 5 years after a research project begins.
Sponsoring firms typically wish to gain some special advantage in
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obtaining access to results. Consequently, most cooperative cen-

ters delay distributing research results to the general public to

give member firms first opportunity for commercialization. This

guarantee of preferential access deviates from the university tra-

dition that guarantees unfettered public access to university re-

search University adminlstrators must therefore be strongly
LiICLECS .

blmllar leVELS OI commltment are requlrea OK upper manaQémEﬁ
in participating firms. To successfully use a center, firms must
build internal structures to transfer information from the center
to relevant divisions within the firm. They also require strong
internal support within the firm because, in the absence of high
level management support for a center, it is very unlikely that a
middle manager would be willing to accept the risk and lack of
control that participation in a cooperative center entails. This
is shown Dy the experlence of one administrator at RPI who said
that corporate chiefs take a long-term view while "the middle
manager has his neck on the block in regards to these programs.”
He added that:

"...when one thinks of a firm the size of GM, it seems
that it is contributing an insignificant amount of money
to the program. However, the support of the center is
actually coming out of the $200,000 research budget of
one Bill Smith at GM, who must decide whether he wants to
spend $50,000 or one-fourth of his research budget on a
project to be performed by the Center for Manufacturing.”

The adoption of research outcomes by firms is dependent on
the extent to which firms participate in the program. Center
directors can advise firms on how to make the best use of a pro-
gram, but cannot ultimately influence the ways in which firms
choose to participate. Although firms participated in several
ways in the programs we visited, they all developed some internal
mechanism to track the research performed at the cooperative cen-
ter. They did this in two ways: through an industrial monitor,
who is responsible for tracking research of interest to a firm,
and through committees composed of representatives from different
divisions within a firm who are responsible for developing lists
of research proposals in technological areas that cut across a
firm's operations.

Developing mechanisms to track the research performed at a
cooperative center is not enough, however. For firms to get the
most out of these programs, they must be active participants.
This requires a strong commitment from top management. Time and
money must be allocated to allow scientists and engineers from
sponsoring firms to work closely with university researchers and
to attend technical review sessions and industrial advisory board
meetings.
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Organizational structure

Appropriate organizational structures must be developed to
allow interaction at each stage of the research process. We
identified a number of such stages: formulating broad research
themes, selecting specific research projects, overseeing the
research, and transmitting research products to member firms.

Centers that conduct research aimed at addressing fundamental
problems for sophisticated, high-technology firms tend to be
structured in relatively traditional ways. They require indus-
trial input primarily to ensure that their research is relevant to
their clients' broad research needs. Centers that address less
sophisticated firms, or attempt to address more applied and speci-
fic sponsor concerns, are more likely to develop organizational
structures providing greater levels of industrial input and parti-
cipation.

Failure to structure a center to adequately provide for
industrial input into the research planning process can severely
limit the capacity of a center to produce industrially useful
research products. A dramatic example is the now defunct Furni-
ture Institute at North Carolina State University. The major
decisions governing the Institute's research agenda were made by a
committee of university deans who had little contact with the
needs or resources of the furniture industry. Thus research was
dictated almost entirely by faculty interests. For example, de-
veloping robots to finish furniture was considered the most inno-
vative project by the Institute but the cost of implementing it
was too high for firms in the furniture industry.

THE FEDERAL GOVERNMENT'S ROLE

Federal involvement in creating and maintaining cooperative
research centers has taken two major forms, providing planning
grants through NSF's Industry-University Cooperative Research
Center Program (IUCRC), and financing individual research pro-
jects and instrumentation at cooperative centers. In addition,
the Stevenson-Wydler Technology Innovation Act of 1980 (P.L. 96—
480), which authorizes the creation of "centers for industrial
technology," was enacted but no funds were appropriated to imple-

ment it.

Providing planning grants and seed funding

The Federal Government has funded the creation and mainte-
nance of 10 cooperative research centers through the NSF IUCRC
program since its inception in 1973. The program typically offers
two types of funding: l-year planning grants to support initial
planning and recruitment of industrial support, and 5-year, cost-
sharing grants in which Government support is gradually phased

cut.
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IUCRC initially provided 5-year grants to cooperative cen-
ters operated by MIT, North Carolina State University, and the
MITRE Corporation to work with the polymer processing, furniture,
and electric power industries, respectively. During the first 5
years of the experiment (1973-78), $2.4 million of NSF funds were
matched by an estimated $3 million from 24 participating firms.
Of the three original centers, only one-~the Polymer Processing
Center at MIT--still exists. It became self-sufficient in 1978
and its projected fiscal year 1982 budget was $800,000.

Between 1979 and 1981, four other centers were established:
the Center for Computer Graphics at RPI, the Center for the Uni-
versity of Massachusetts/Industry Research on Polymers, the Cen-
ter for Welding Research at Ohio State University, and the Center
for Applied Polymers at Case Western Reserve University. 1In
1982, projected total Federal support for these four centers was
$1.09 million. 1Industry would provide $3.2 million. 1In addition
to industry's monetary support, centers have received a substan-
tial amount of equipment and materials from industrial sponsors.
The total value of equipment and materials contributed to all
five currently operating programs has been estimated at more than
$5.5 million. 1In 1982, NSF helped seed the creation of four
other centers.

Beyond providing financial support for creating centers,
NSF's involvement in the centers has produced a number of addi-
tional benefits. At RPI, for example, NSF support made it pos-
sible to establish a doctoral program in computer graphics. This
program, in turn, has provided continuity to the university's
research program. NSF program managers have also played impor-
tant roles in centers. They have, at times, made valuable use of
previous experience in mediating between university and industry
participants. NSF's stature helped one center in its recruiting
of industrial sponsors. A final advantage of NSF involvement has
been the agency's reguirement that each center be systematically
evaluated. These evaluvations have provided important data for
planning new cooperative centers.

More recently, NSF has begun to work with agencies such as
the Department of Energy and the Environmental Protection Agency
in setting up cooperative centers. NSF program managers provide
the expertise and then agencies provide the seed funding to cre-
ate the centers. 1In the case of one center, NSF is funding the
evaluvation.

Financing individual research
projects and instrumentation

The Federal Government has indirectly helped to sustain
cooperative centers by funding grants to support individual re-
search projects and research eguipment. These grants have helped
to reduce the initial costs and risks of starting up new centers;
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they have provided longer-term funding where necessary for in-
strumentation, basic research, and education in centers; they
have insured that knowledge and experience gained from the
creation and operation of cooperative centers by NSF's IUCRC pro-
gram is made accessible to those planning new centers; and they
have provided long-term subsidies when a policy decision has been
made that an industry or technology is of substantial national
importance and the research target is highly risky or the indus-
try in question cannot develop an adeguate R&D capability on its
own.

Passing Stevenson-Wydler
Technology Innovation Act

The Congress laid the groundwork for a new way to support
cooperative research centers by passing the Stevenson-Wydler
Technology Innovation Act of 1980. The act authorizes the crea-
tion of "centers for industrial technology" by the Department of
Commerce and the National Science Foundation. The objective of
these centers is to enhance technological innovation by carrying
out research supportive of technological and industrial innova-
tion. The act also specifies a number of additional objectives
for centers, including: assisting individuals