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Executive Summary

University-industry research centers (UIRCs) have
attracted considerable attention over the past two
decades. In the 1970s and 1980s, the federal and state
governments established programs to stimulate the
formation of UIRCs, and UIRCs have proliferated
throughout the nation. Still, very little is known about
the magnitude and scope of UIRCs, their efforts and
activities, and their effects on technological change and
university research.

This report summarizes the findings from a national
study that examined the extent, characteristics and
activities of UIRCs. The research examined the role
of UIRCs in technological innovation and technology
transfer, and the effect of industrial funding on the
university's research mission. A comprehensive survey
of universities and of UIRCs themselves was conducted
in 1991 both to identify the population of UIRCs in the
United States and to obtain detailed information on
them. All 437 universities and colleges that were recipi-
ents of industrially-sponsored research between 1981
and 1988 were contacted, and more than 1,000 UIRCs
were surveyed. Responses were received from 511
UIRCs nationwide, yielding a response rate of 48.4 per-
cent. Site visits and personal interviews were conducted
at selected UIRCs.

The main findings of the study are:

* Both the number of UIRCs and the magnitude of
R&D effort associated with them are quite large. An
estimated 1,056 UIRCs were located at more than 200
American campuses as of 1990, with more than half
of these established in the 1980s. UIRCs spent an esti-
mated $4.12 billion on research and related activities
in 1990. Of this total, we estimate that approximately
$2.53 billion was devoted to research and development.
UIRCs devoted two-thirds of their effort to R&D and
almost one-fifth to education and training. Their R&D
effort was divided roughly equally between basic and
applied research, with slightly more than 40 percent
going to each.

+ A significant number of university faculty, research
scientists and graduate students nationwide are exposed
to UIRC activities. We estimate that in 1990 approxi-

mately 12,000 university faculty members and 22,300
doctoral-level researchers were involved in UIRCs. We
further estimate that approximately 16,800 graduate
students were exposed to UIRCs. Indeed, UIRCs make
an important contribution to the economy and society
through their education and training effort, producing
an average of more than four Ph.D.s and seven master’s
degrees per year as of 1990, UIRCs also play an espe-
cially important role in providing trained employees to
industry. On average, 5.70 students from each UIRC re-
ceived permanent employment from participating com-
panies in the two year period, 1989-1990,

* Government is the major source of support for
UIRCs, providing nearly half of their total funding.
Eighty-six percent of UIRCs receive government fund-
ing. More than 70 percent of UIRCs reported that they
were established either wholly or partly based upon
funding from federal or state governments. The federal
government provided 34 percent of the funding for
UIRCs and state governments provided 12 percent.
Industry contributed 31 percent, while universities
themselves contributed 18 percent.

= UIRCs have become the principal vehicle for direct
industry support of academic science and engineering
R&D. In 1990, UIRCs accounted for almost 70 percent
of industry’s support for academic R&D. In addition to
their direct funding, participating companies provided
benefits to UIRCs and universities more generally in
the form of equipment, access to industrial facilities
and practical experience for students.

* UIRCs are associated with a broad range of tradi-
tional and high-technology industries and span numer-
ous scientific and engineering disciplines. UIRCs also
differ importantly in terms of their goals. For example,
about one-quarter of UIRCs view improving industry’s
products and processes as very important, while others
pursue more traditional academic objectives removed
from commercial objectives.

* Universities—and university faculty members in
particular—provided the primary, direct impetus behind
the formation of almost three-quarters of UIRCs,
Government provided the primary impetus for 10,9
percent, and industry provided the primary impetus for
10.7 percent of UIRCs. These findings suggest that
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UIRC relationships are not the result of industry’s
entreaties. Rather, the primary impetus for UIRCs has
come from the entrepreneurial activities of universities.
Our findings also suggest that these entrepreneurial
efforts have been stimulated by perceived shortfalls in
federal research support, and even actively encouraged
by government programs that tie university research
support to industry participation. This suggests that
government funding—both its level and its character—
constitutes an important policy tool affecting the rela-
tionship between universities and industry.

* The UIRCs in our survey reported 211 patents, which
is equivalent to almost 20 percent of the total 1,174
patents granted to universities in 1990. UIRC patent
productivity per million dollars of R&D spending was
at least comparable to university science and engineer-
ing research as a whole. UIRC patent production per
million dollars of spending was roughly one-third that
of industrial R&D laboratories. UIRCs generated
research papers at a rate that is comparable to that for
university science and engineering R&D generally.

» The nature and level of UIRC performance varies by
size, technology field and funding source, and is closely
related to whether the UTRC’s mission is to develop
commercial technology or conduct more traditional
academic research. An important source of productivity
differences among UIRCs is associated with the differ-
ent ohjectives they pursue. UTRCs whose main mission
is the improvement of industry’s products and pro-
cesses exhibit the greatest immediate impact on com-
mercial technology. These commercially oriented
UIRCs generate substantially more inventions,
pratotypes and licenses than those pursuing more aca-
demic goals. The fields of technology in which UIRCs
focus their effort also affect the magnitude and types of
their outputs. Among the six most heavily represented
fields of technology in our sample, UIRCs in the fields
of advanced materials and biotechnology lead in the
production of patents. UIRCs in biotechnology lead

in the development of new products, while UIRCs in
computer software lead in the development of new
processes. UIRCs conducting research in the fields

of computer software and manufacturing are the top

performers in prototypes. Size is another important
dimension along which UIRCs differ. Small UIRCs
appear to outperform large ones across every dimension
of output and performance. However, this finding
should not be used as a basis for public policy because
the factors which underlie the size effect are still
unknown. [t is also important to note that our findings
on output and performance reflect responses from
UIRC directors and not from the industrial participants
in UIRCs.

* The closer integration of industry and university
research reflected in UIRC formation poses a tradeott
for society. This tradeoff is between an industrial orien-
tation of some UIRCs that appears to promote technical
advance in the short run, versus a commitment to the
traditional academic norms regarding the public disclo-
sure of research findings. In their promotion of UIRCs,
universities have weakened their long-held commit-
ment to the free flow of information and the full public
disclosure of their findings in order to obtain industry
funding. For example, industrial participants in UTRCs
are often able to restrict communication flow and
information sharing and cause publication delays or
deletions of certain findings. More than 40 percent of
respondents reported that information sharing between
UIRC faculty and the general public is at times re-
stricted. Almost 35 percent of UIRCs reported that par-
ticipating companies can require that information be
deleted from research papers prior to submission for
publication, Nearly one-half of UIRCs reported that
participating companies can delay the publication of
UIRC findings. Our data also suggest, however, that the
weakening of the traditional academic norm of free dis-
closure is to some extent offset by the benefits of more
effective mechanisms for advancing commercial tech-
nology. As UIRCs embrace industry’s goals, they tend
to have a greater immediate impact on the advance of
commercial technology.
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Introduction

University-industry research relationships are of great
interest to the academic, business and policy communi-
ties. In recent years, increasing attention has focused on
whether the traditional post-war relationships among
government, universities and industry require change,
particularly with regard to the appropriate level and
nature of federal government involvement in university
research (see Branscomb 1993; Brooks 1993: Rosen-
berg and Nelson 1994; President’s Council of Advisors
on Science and Technology 1992; Government-Univer-
sity-Industry Research Roundtable 1991). While uni-
versities continue to play a vital role in the conduct of
basic research, concems have been raised both by the
industrial community and Congress that federal support
for university research should strengthen commercial
technology and improve industrial performance. The
perception of mounting international economic pressure
on American industry has led to calls for greater
research relevance and skepticism about the value

of university research conducted in isolation from
industrial concemns and priorities.

This report summarizes the findings of a national
study of university-industry research centers (UIRCs).
The research examined the extent, characteristics and
activities of UIRCs, and addressed questions concern-
ing the effects of UIRCs on innovation and the relation-
ship between universities and industry. This report pre-
sents new data on the extent of UIRCs, the magnitude
and scope of their activities, their sources of financial
support, the role of government in their development,
their goals, their productivity and performance, and
their effects on university research.

University-industry research relationships date back
to the rise of modern technology-intensive business
during the late 19th and early 20th centuries (Geiger
1986; Etzkowitz 1988). Indeed, significant corporate
funding of university research originated in the late
19th century with the rise of the modern vertically-
integrated corporation (see Samber 1990; Rosenberg
and Nelson 1994). In 1903, MIT established a research
laboratory in physical chemistry and followed in 1908
with its research lab in applied chemistry. By 1920,
MIT established the Division of Industrial Cooperation
and Research to coordinate its interactions with indus-
try. In 1911, the Mellon Institute was established with
close links to the University of Pittsburgh and later

to Carnegie Mellon University to conduct applied re-
search in physical chemistry and chemical engineering
for the steel, coal and petroleum industries of Pittsburgh
and the surrounding region. During the inter-war years,
university-industry linkages waned, at least until
government took a more active role in coordinating
such relationships with the onset of World War II.

The period immediately following World War 11 saw
the establishment of a new “social contract™ among uni-
versities, the federal government and industry (Brooks
1993 }—as reflected in the rise of the National Science
Foundation and massively expanded Defense Depart-
ment funding of both university and industrial research.
During this period, new links were also forged between
university and industry (Rosenberg and Nelson 1994),
evident for example in the close connections between
MIT’s Lincoln Laboratories and the Boston-Route 128
complex (Etzkowitz 1988, 1990; Leslie 1990) and the
Stanford Research Park and Silicon Valley (Leslie
1987, 1993).

The past fifteen years have seen a resurgence in
formal relationships between universities and industry,
precipitated to some extent by perceived declines in
federal funding for various types of academic research.
University-industry research relationships have also
been stimulated at least in part by changes in science
and technology policy at both the federal and the state
levels (Government-University-Industry Research
Roundtable 1991). In the early 1970s, the National Sci-
ence Foundation (NSF) created the University-Industry
Research Center experiments and the Innovation Center
experiments; and in 1978, the NSF added the Univer-
sity-Industry Cooperative Research Projects program
(U.S. National Science Foundation 1982). During the
mid-1980s, the NSF established two programs to
encourage the formation of university-industry research
centers: the Engineering Research Centers and Science
and Technology Centers (U.S. General Accounting
Office 1988). State-sponsored UIRCs began to prolifer-
ate in the early 1980s (Osborne 1988; Fosler 1988;
Watkins 1985a and 1985b; Wyckoff and Tornatzky
1988; Watkins and Wills 1986; National Governors’
Association 1983; Feller 1990, 1991). According to a
study of state science and technology programs, 43
states had science and technology initiatives with
expenditures totaling $563 million as of 1988
(Minnesota Department of Trade and Economic
Development 1988).

Universitv-Industry Research Centers in the United States 3



The long history of university-industry relationships
and the recent proliferation of government programs
designed to foster such relationships have spawned a
diversity of types of UIRCs. The NSF alone has pro-
vided funding for a number of distinct center programs
designed to stimulate the formation of UIRCs, includ-
ing Materials Research Centers, Industry-University
Cooperative Centers, State Industry-University Centers,
Supercomputer Centers, Engineering Research Centers,
and Science and Technology Centers. UIRCs also vary
by academic discipline or field, the technologies they
choose to focus on and the industries with which they
choose to interact and associate. Most important,
UIRCs are distinguished by their missions and objec-
tives: some UIRCs focus on advancing commercial
technology, while others focus on more traditional
academic pursuits that are removed from the more
practical concerns of the firms that contribute to
their support.

Given these trends, it is not surprising that univer-
sity-industry research relationships have attracted
increasing attention from scholars and other experts in
recent years. Indeed, a number of recent studies have
examined the influence of university research on indus-
trial innovation. A detailed survey of industrial R&D
laboratories (Nelson 1986: Levin et al. 1987; Klevorick
et al. 1993) found that the relationship between univer-
sity science and industrial R&D varies greatly by scien-
tific and technological field as well as by industry. Two
recent studies looked specifically at the relationship
between university and industry R&D. Jaffe (1989)
found that (at the state level) industrial R&D tended to
locate in proximity to and be stimulated by university
R&D. Mansfield (1991) explored the “social rate of
return” to university R&D. Based on a survey of 76
firms drawn largely from R&D-intensive industries,
Mansfield found that about one-tenth of new products
and processes commercialized between 1975 and 1985
would not have been developed without recent
university R&D. |

The most widely cited micro-level studies of univer-
sity-industry research relationships are those conducted
on the biotechnology industry by Blumenthal and col-
leagues (Blumenthal et al. 1986a; Blumenthal et al.
1986b: Gluck et al. 1987). These studies surveyed both
industry and university participants about their involve-
ment in university-industry relationships. They found

that such relationships benetit industry participants by
increasing their access to university research, reducing
the costs of engaging in R&D in new fields, and pro-
viding training and staff development for company
scientists. They also found that industry participants
fear a loss of proprietary information.

University research may also be affected by ties
with industry. Building on the classic work of Merton
(1973), Dasgupta and David (1987, 1992) suggest that
deepening relationships between university and indus-
try may compromise fundamental tenets governing aca-
demic research, including the free flow of ideas and the
commitment to generating knowledge for public bene-
fit. Dasgupta and David (1992) further suggest that the
strengthening of ties between university and industry
may ultimately generate social costs by drawing
resources away from basic research. Mitigating this
latter concern, research on the history of the interaction
between science and technology (Rosenberg 1982) and
universities and industry (Rosenberg and Nelson 1994)
suggests that since advances in commercial technology
often stimulate basic science, an immediate shift in re-
sources toward more applied research and development
may not undermine basic research in the long run.

A number of studies have attempted to evaluate
government sponsored university-industry centers. The
NSF university-industry center programs, in particular,
spawned a series of evaluations (e.g. Gray et al. 1986).
These evaluations examined factors such as the
inter-disciplinary nature of research, the role of corpo-
rate sponsors, involvement of large and small com-
panies, leadership, participation of junior and senior
faculty, research linkages and communication channels
(Gray et al. 1986; Shapira 1989). These evaluations
came to two primary conclusions. First, collaboration
with industry had only a slight impact on university
research. Second, while few patents were generated,
research results were absorbed by industrial participants
and had some positive impact on their internal R&D
projects. One way to interpret this finding is that indus-
trial sponsors used university-industry centers princi-
pally to acquire new sources of knowledge for their
own R&D activities rather than as sources of developed
product and process innovations. Rees (1990, 1991)
conducted a study of potential industrial participants in
state-sponsored university-industry technology centers
and found that only a small share of these firms (35 out
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of 216 respondents) were actually involved in state-
funded centers. Companies were more likely to be
linked to universities in other ways such as contract
research or enrolling employees in courses.

Despite the recent proliferation of UIRCs and their
prominence in recent discussions of science and tech-
nology policy, a comprehensive description and analy-
sis of activities of university-industry research centers
does not exist. As noted above, numerous case studies
of UIRCs have been conducted, and in a small number
of cases, some parts of the population of UIRCs have
been examined, (e.g.. Rees’ (1991) examination of
state-sponsored centers and the GAQ’s (1988) examina-
tion of NSF Engineering Research Centers). Thus, one
is left with descriptions of isolated “trees” or even spe-
cies of trees but there is no description of the broader
“forest” of UIRCs as a whole. The objective of our sur-
vey was to make some headway in understanding what
that forest looks like.

1. Study Design

The research was designed to provide a comprehensive
picture of the level and nature of the activities of
UIRCs, and to examine the effects of UIRCs on tech-
nical advance in industry and the conduct of university
research. The research involved a combination of
research methods and strategies, including historical
research, field research, personal interviews, site visits,
case studies and, most importantly, survey research.
This section discusses the major thrust of our research
effort—the survey research.

To develop the survey questionnaire, we built upon
the existing social science and historical literatures con-
cemning innovation and university-industry research
efforts and conducted our own field research comprised
of site visits to a number of UIRCs. We also solicited
comments from leading academics and experts in the
field, directors of UIRCs, government officials, indus-
trial R&D managers and industrial participants in
UIRCs. The questionnaire is available from the
authors upon request.

Several methods were used to identify the population
of UIRCs. An initial list of UIRCs was compiled from
existing sources such as the Gale Research Centers Di-
rectory, the directory of State Technology Programs in
the United States compiled by the Minnesota Depart-
ment of Trade and Economic Development (1988),

National Science Foundation reports and other sources.
The accuracy and completeness of this list was tested
through detailed phone interviews with research admin-
istrators from 10 of the universities from the broader
list. The interviews revealed that the existing lists were
incomplete and contained out-of-date listings. Thus, we
compiled our own list.

To develop an accurate and comprehensive list of
the population of UIRCs, we conducted a national sur-
vey of research administrators at the 437 American uni-
versities and colleges identified by the National Science
Foundation (1990} as having had industry-sponsored
research and development expenditures during the
1981-88 period. This survey achieved a response rate
of 92.4 percent and identified a total of 1.466 UIRCs
affiliated with 213 American universities and r::ullegEs.z

For this study, UIRCs were defined as: (1) univer-
sity-affiliated research centers, institutes, laboratories,
facilities, stations or other organizations; that (2)
conducted research and development in science and
engineering fields; (3) had a total 1990 budget of at
least 5100,000; with (4) part of the budget consisting
of industry-sponsored funds. A UIRC was defined
as “university-affiliated™ if it received university
budgetary contributions, employed university personnel
and used university-owned facilities. Qur criteria ex-
cluded academic colleges, departments and individual
faculty investigators engaged in private consulting or
industry-sponsored research outside the context of a
formal UIRC.

The survey was administered to the directors of all
1,466 UIRCs that we identified. We took a number of
steps to ensure the validity of the survey responses. In
analyzing the responses, 184 of the research centers
were found to be ineligible for participation in the sur-
vey. These centers failed to meet our definition of a
UIRC because they were no longer in operation or were
too recently established. These centers were excluded
from our sample population, reducing the number of
UIRCs to 1,282, In total, the survey yielded useable
questionnaires from 511 UIRCs representing 160 uni-
versities and colleges for a response rate of 39.9 percent
{Appendix A provides a list of universities represented
in the sample of UTRCs).

We subsequently administered a survey of non-
respondents to assess whether our survey respondents
were representative of the overall population of UIRCs.
A group of 140 UIRCs was randomly selected from the
771 UIRCs that did not respond. These 140 UIRCs
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were asked to participate in a short telephone follow-up
survey. Of these 140 non-respondents, 116 were suc-
cessfully contacted and 73 agreed to participate. We
learned that of the 43 centers that were contacted but
did not participate in the follow-up telephone survey,
34 did not meet the definition of a UIRC. This sug-
gested that the actual number of UTRCs was less than
initially thought. We estimated that 192 of the remain-
ing 655 non-responding UIRCs were also ineligible by
extrapolating from the 29.3 percent (34 of 116) of the
non-responding UTRCs that did not meet the eligibility
criteria, Thus, our final estimate of the number of
UIRCs existing in 1990 is 1,056 implying an adjusted
survey response rate of 48.4 percent.

We compared differences in the nature and level of
activities hetween respondents and non-respondents
(using two-tailed “t-tests,” see Appendix B). There
were no significant differences in terms of total annual
budget, number of research and development projects,
and number of companies providing funding support in
1990, indicating that UIRCs in the sample are represen-
tative in terms of the scale of their activities. Significant
differences were, however, found with regard to the
share of effort allocated to R&D, technology transfer,
and education and training. UIRCs in the sample tended
to dedicate significantly greater effort to research and
development and less effort to education and training
and technology transfer activities. Generalizations
about national trends in UIRCs made below need o
be understood with these sample characteristics taken
into account,

2. Magnitude and Scope

Both the number of UIRCs and the magnitude of R&D
effort associated with them are quite large. Based on
our survey findings, we estimate that there were 1,056
UIRCs in 1990. Our estimate for total budgeted expen-
ditures for UTRCs is approximately 54,12 billion in
1990, Of this total, we estimate that approximately
$2.53 billion is devoted to research and development.
We estimated UIRC expenditures as follows.
According to the survey results, the total of the bud-
geted expenditures represented by the 410 UIRCs that
responded to this question was $1.60 billion. These
respondents represent 38.8 percent of the estimated
population of 1,056 UIRCs. If one assumes that the
total expenditures for these UTRCs are representative

of the broader UIRC population, this implies total bud-
geted expenditures in 1990 of $4.12 billion. This esti-
mate may be conservative since our sample did not
include all the universities that may house UIRCs:
only 92.4 percent of universities responded to the first
stage survey.

UTRCs make a substantial contribution to academic
R&D. Indeed, two-thirds (66 percent) of the effort of
UIRCs is devoted to R&D. Since non-responding
UIRCs devote approximately 12 percent less effort
toward R&D than respondents (see the non-respondent
survey results presented in Appendix B), we estimate
(using our 54.12 billion total expenditure figure for
1990} that UIRCs accounted for approximately $2.53
billion of R&D in 1990, To put this in context, consider
that the total R&D expenditures of the National Science
Foundation for 1990 were $1.73 billion (National Sci-
ence Board 1993: 342}, and that total federal spending
on academic R&D at universities and colleges was
$9.64 billion (Wational Science Board 1993: 331). Total
national spending for academic science and engineering
Ré&D at universities and colleges in 1990 was $16.3
billion (National Science Board 1993: 397). Thus, esti-
mated UIRC R&D expenditures represent 15.2 percent
of total spending for academic R&D in 1990.

The average total budget per UIRC in 1990 was
approximately $4.05 million (including in-kind contri-
butions). This figure partly reflects the effects of a
handful of particularly large UIRCs. The median
expenditure per UIRC in 1990 was 51 40 million. Table
| shows the distribution of UTRCs by size of expendi-
tures. Roughly two-thirds of UIRCs fell between
$100,000 and $2.5 million in total budgeted expendi-
tures. About 15 percent had expenditures between 52.5
and $5 million; almost 10 percent fell between $5 and
%10 million; and 8.5 percent were in the range of 510
and $55 million.

Size Distribution of UIRCs by Expenditure: 1990

Expenditure Range Percent of UIRCs

100000 - 500,000 X7
F00000 = 31,000,000 9.3
SL000.000 - 32,500,000 4.9
2,500,000 - 55,000,000 4.9
5,000,001 - 510,000,000 9.8
F10,000,001 - 555,000,000 8.5
N=410

Source: Cohen, Florido and Goe, DIRC Survey, Carnegie Mellon University, 1991,
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A relatively small number of UIRCs account for a
disproportionate share of total UIRC expenditures. The
42 UIRCs that comprise the top 10 percent of 1990
UIRC budgets in our sample accounted for 54 percent
of total budgeted expenditures. The 21 UIRCs ranked
in the top 5 percent of 1990 UIRC budgets accounted
for 39 percent of total budgeted expenditures. UIRCs
engaged in agriculture-related research represent almost
half of the top 5 percent (9 of 21) in terms of spending.
Although only 20 percent (103) of UIRCs listed agri-
culture as at least one of their areas of activity, expendi-
tures for these 89 agriculture-related account for 35
percent of total budgeted UIRC expenditures. (Most of
these UTRCs indicated that they conduct manufactur-
ing-related R&D as well.) The next largest UIRCs in
terms of spending were in the field of computing, spe-
cifically supercomputing.

The number of UIRCs has grown rapidly in the past
decade. Our survey data provide the year of founding
for responding UIRCs. As Figure 1 shows, 284 or about
58 percent of the sample UIRCs were founded in the
period 1980-89, with the five year period, 1984-1989,
being the most active.3 Despite the recent increase in
their number, UIRCs are not a new type of institution.
Of the sample UIRCs, 16 were founded before 1900
and 59 before 1950.

FIGURE 1

UIRC Foundings by Decade, 1880-1989,
for UIRCs Existing in 1990
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Company involvement in UIRCs is widespread (see
Table 2). While the UIRC survey does not allow us to
identify how many companies nationwide participate
in UIRCs, the data indicate that the average number of
companies participating in UTRCs in 1990 was 17.6 per
center and that the median was six. The average in 1986
was 11.4 and the median was three. Two-thirds of
UIRCs had relationships with 10 or fewer companies as
of 1990). Twenty-eight percent had relationships with
between 10 and 50 companies. Slightly more than 5
percent (5.5 percent) had relationships with more than
50 companies. The average number of R&D projects
per UIRC in 1990 was 35.4, and the median was 15.

TABLE 2
Distribution of UTRCs by Number of

Participating Companies: 1990
ﬁ;;l:.u..-;;l‘.[’artinipating Companies Percent of UIRCs
T 446
6-10 21.5
11 -20 13.7
21 - 50 127
31-100 33
101 plus 22
MEAN - 17.6 companies per UIRC
M=450
Source: Cohen, Florida and Goe, UIRC Survey, Camegie Mellon University, 1991

Table 3 reports the numbers of faculty, research sci-
entists, postdoctoral fellows, technical and support staff,
graduate students and undergraduates employed by the
UIRCs. Each UIRC involved an average of 56.6 and
a median number of 23 employees including faculty,
research scientists, students and staff. This included
an average of 11.5 faculty, 6.5 research scientists, 3.1
postdoctoral fellows, 15.9 graduate students, 9.0 under-
graduates and 20.6 staff. The median numbers for each
category were substantially smaller, with a median of
two faculty, three graduate students, four staff, one
research scientist, one postdoctoral fellow and no
undergraduates involved at UIRCs.#

University-Industry Research Centers in the United States
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TABLE :
UIRC Personnel: 1990

Type of Personnel Mean

Faculty 11.5 2
Research Scientists 6.5 1
Postdoctoral Fellows 3.1 1
Staff 2.6 4
Graduate Students 15.0 3
Undergraduates G.0 0
Total 66.6 23
MN=442

Mote: Full-time persomnel only
Source: Coben, Florida and Goe, DIRC Survey, Carnegle Mellon University, 1991

A considerable number of university faculty,
researchers and students are involved in, or at the very
least exposed to, UIRC activities. We estimate that
in 1990 approximately 12,000 university faculty mem-
bers participated in the 1,056 UIRCs nationwide. We
estimate that approximately 22,300 doctoral-level
researchers including faculty, research scientists and
postdoctoral fellows were involved in UIRCs nation-
wide, representing almost 16.5 percent of the 135,739
doctoral-level scientists and engineers involved in aca-
demic R&D in 1989 (National Science Board 1993:
406}.5 We further estimate that approximately 16,800
graduate students were exposed to UIRCs. This com-
pares to roughly 5.8 percent of the 288 981 full-time
graduate students enrolled in science and engineering
programs in 1989 (National Science Board 1993: 415).

TABLE 4

Sources of Support for UIRCs: 1990

Source of Support Mean Percent
Government 463
— Federal Government 34.2
State Government 121
Industry 3.8
University 17.7
Private Foundations 2.5
Other 2.7
N=is6 ks .

Source: Cohen, Florida and Goe, LYRC Survey, Camegie Mellon University, 1991

TABLE 5
Type of Government Funding for UIRCs: 1990

Number of _i’ercenlld

UIRCs UIRCs
Centers with current
Government Funding (N=499) 429 6.0
Centers with State Funding
over last five years (N=302) 348 a9.3
Major Federal Funding Sources: (N=48T)
N5F 274 55.1
Diefense 225 43.3
Energy 168 338
NASA 136 274
NIH 133 26.8
EPA 124 49
LISDA 103 T
DOT 59 1.9
FDa 26 52
Centers for Disease Control 14 28
HHS 6 1.2

Source: Cohen, Florida and Goe, UTRC Swervey, Camegie Mellon University, 1991

3. Sources of Support

Government is the principal source of support for
UIRCs. According to our survey, approximately 86
percent of UIRCs received some form of government
support, including largely federal but also state support
(see Tables 4 and 5). Government provided nearly half
(46.3 percent) of UIRC financial support in 1990, with
34.2 percent coming from the federal government and
12.1 percent coming from the states. Industry provided
30.8 percent of UIRC support and universities provided
almost 18 percent of UIRC support. Approximately 10
percent of university support was in-kind and approxi-
mately 8 percent of industry support was in-kind. In
contrast, less than 1 percent of government support was
provided in-kind. Thus, government is the major source
of cash support for UIRCs, suggesting that it plays a
critical role in such arrangements. However, the share
of UIRC funding provided by government is signifi-
cantly less than the government’s share of overall
support for academic research. In 1990, government
accounted for 67.2 percent of total academic research
funding—359.0 percent from the federal government
and 8.2 percent from state and local government (Na-
tional Science Board, 1993: 331). As Table 5 shows,
the major federal agencies supporting UIRCs include:
the National Science Foundation (NSF), Department of

&  University-Industry Research Centers in the United States




Defense (DOD), Department of Energy (DOE), NASA,
the Mational Institutes of Health (NIH), Environmental
Protection Agency (EPA) and the Department of Agri-
culture.

Industry spent an estimated $779 million on UTRC
R&D in 1990, This figure is derived using our esti-
mates of total UIRC R&D spending in 1990 ($2.53
billion) and industry’s share in supporting that R&D
(30.8 percent). Industry’s contribution of $779 million
to UIRCs represents the preponderance of its support
for academic R&D, constituting 69 percent of the $1.13
billion of total industry support for academic R&D in
1990 (National Science Board 1993: 331). However,
this comparison should be qualified because the esti-
mates of industry’s contributions to UIRCs are reported
by UIRC directors, not by the firms themselves who
report directly to the Census and in turn to the National
Science Foundation, which reports overall R&D statis-
tics. Nonetheless, these data suggest that UIRCs were
the predominant vehicle for industry support of aca-
demic R&D in 1990. Industry’s $779 million expendi-
ture on UIRC R&D represents approximately 1.11
percent of industry’s own-financed total R&D spending
of $75.7 billion in 1990 (National Science Board 1993;
333). It may be more appropriate to compare industry’s
UIRC contribution to industry’s basic and applied re-
search expenditures. This contribution was equivalent
10 2.7 percent of the $28.5 billion industry spent on
basic and applied research in 1990.

A substantial fraction of UIRCSs receive only a small
share of their support from industry. Of the 407 UIRCs
reporting both budget data and funding source break-
downs, 152 or 37 percent received 10 percent or less of
their support from industry, and 89 or 22 percent
received 5 percent or less of their support from indus-
try. However, since some UIRC budgets are very large,
5 or 10 percent of total support from industry may still
be significant in absolute terms. For example, 72 of the
152 sample UIRCs with 10 percent or less of their sup-
port from industry received at least $350,000 in industry
support in 1990.

Universities—and university faculty members in
particular—provided the primary, direct impetus behind
the formation of UIRCs. Almost three-quarters (72.5
percent) of UIRCs indicated that the primary impetus
behind the university-industry relationship came from
university faculty (60.9 percent) or university adminis-

trators (11.6 percent). Government provided the pri-
mary impetus for 10.9 percent of UIRCs (6.1 percent
from the federal government and 4.8 percent from state
government). Industry provided the primary and direct
impetus for only 10.7 percent of UIRCs. This finding
provides support for the view that university-industry
relations are principally the result of the “entrepreneur-
ial university” (Etzkowitz 1989) rather than the result
of industry initiatives to develop universities as a
resource for its own ends. Our survey findings also
indicate that industry support was sought to offset what
was perceived to be inadequate research funding from
government. Indeed, 86 percent of UIRCs indicate that
inadequate research support from government was at
least “somewhat important™ in motivating the center to
obtain industry funding.

4. Role of Government

Despite their ties to industry, many UIRCs are chiefly
interested in government, not industry support. A
significant share of UIRCs actually seek industry
support largely as a vehicle for obtaining government
support. Forty-two percent of UIRCs indicate that they
obtained support from industry because it was required
(i.e., at least “somewhat important”™) for obtaining
government support. Thus, many of the marriages be-
tween universities and industry have been encouraged
— no less directly supported — by government policy.
An important question is whether government pro-
motion and support of UIRCs are achieving something
that would not be achieved in their absence. Specifi-
cally, are university and industry incentives such that
they would do what they are currently doing without
public support? Our data do not allow us to consider
whether other formal and informal relationships or
activities would substitute for UIRCs in their absence.
The data do permit us, however, to consider the effects
of government funding on UIRC formation and their
activities, Our findings indicate that 71.4 percent of
UIRCs were established either wholly or partially based
upon funding provided by the federal or state govern-
ment. Of those, 82.6 percent (or 59.0 percent of the
entire sample) indicate that they would not have been
established in the absence of government funding.
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Effects of Loss of Government Funding on
UIRC Operations
' ~ Number Percent
of UIRCs of UIRCs

Centers currently receiving govermment

funding (N=499) 429 26.0
Would the center continue to operate if
government funding were discontinued? (YES) 260 615
(N=423) (N 163 38.5
IT yes, discontinuation in govermment
support would result in a reduction in:
(N=260)
(A) Basic Research (YES) 209 80.3
(N0 51 19.6
{B) Applied Research (YES) 179 fil 8
(%0 g1 312
(C) Development (YES) 136 523
(NO) 124 479

Source: (-I';l'.ﬂn. F'H;rnn:La.md Croe, n!..-'l'.l?(.'..‘_;un'.-'.'. lI.'zrncgie Mellon Universaty, I':IIU-I..

Would UIRCs that currently receive government
support continue their activities in its absence? The
findings suggest that 38.5 percent would not (Table 6).
Of the more than 60 percent that would, the majority
would continue to pursue their basic and applied
research and educational activities to some degree. A
withdrawal of such support would, however, result in
two-thirds of these UIRCs increasing their efforts to
obtain more industry support.

This last point might suggest that government sup-
port for these UIRCs is a substitute for private support,
implying that private incentives to support UIRCs are
not being sufficiently exploited. This is only weakly
confirmed by the data, however. Approximately 80
percent of the UIRCs that would continue to operate in
the absence of government support indicated that they
would reduce their basic research without government
support. Approximately two-thirds would reduce their
applied research activities; and slightly more than half
would reduce their development activities. These
results reveal what one might expect — that basic
research would be the hardest hit by the withdrawal of
government support, perhaps because it is less likely to
be supported by industry.

Government support has thus been both critical to
the establishment of UIRCs and vital to their opera-
tions, particularly to the basic research component of

those activities. While the survey data suggest that
government funding is important to the activities of
UIRCs, this raises the question of what is the effect of
these activities on the technological progress realized
by the industry participants as well as on the research
that is conducted by universities. Before we explore
these effects, we need to consider the broad range of
goals which condition UIRC activities and their effects
on technological progress.

5. Focus and Mission

Toward what activities and goals do UIRCs devote
their effort? On average, UIRCs dedicate two-thirds
(66.5 percent) of their effort to R&D, 18.8 percent to
education and training, 6.6 percent to technical assis-

Mission and Focus of UIRCs: 1990

Type of Activity

“eanpemem -

Percent of Effort Dedicated to: (N=493)

R&D 65,5
Education and Training 188
Technical Assistance 6.6
Technology Transfer 6,3
Entrepreneurial Support 1.8
Percent of R&D Effon Dedicated to: (N=49T)
Basic Research 41.1
Applied Research 432
Development 13.7

Change in Relative Shares of Basic and Applied R&ED': (N=313)

Staved the same 55.6
Increase in Applied R&D X
Increase in Basic Research

14.6

' Applies to centers established before 1985
Source: Coben, Florida and Goe, UIRC Survey, Camnegic Mellon University, 1991,

tance, 6.3 percent to technology transfer and 1.8 percent
to entrepreneurial support (see Table 7). With regard to
R&D in particular, this effort is divided almost equally
between basic and applied research, with, on average,
41.1 percent going to basic research and 43.2 percent
going to applied research. Interestingly, 15.7 percent is
dedicated to development, which is typically not associ-
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ated with university-based research. (The UIRC survey
used the standard NSF definitions of basic research,
applied research and development.)

UIRCs devote a greater share of their R&D effort to
applied research and development than do universities
as a whole. In 1990, universities devoted 65.4 percent
of their R&D effort to basic research, 26.7 percent (o
applied research and 7.8 percent to development
(National Science Board, 1993: 333-336). Thus, UTRCs
devoted nearly twice the relative effort of universities
as a whole to applied research and development. How-
ever, the proliferation of UIRCs during the 1980s is not
reflected in any change in the composition of university
research overall during that period. Indeed, the share of
university research devoted to basic research remained
stable over that period.

We considered whether the mix of UIRC activity
between basic research versus applied research and
development has changed for UIRCs founded before
1985. More than half (55.6 percent) of UIRCs report no
change in the mix between basic and applied research
and development since their founding. For 29.8 percent
of UIRCs, the mix has moved toward more applied
research and development, while 14.6 percent of
the UIRCs increased the share of effort dedicated to
basic research.

Not surprisingly, UIRCs see their primary goal
as advancing scientific and technical knowledge. As
shown in Table 8, 77.3 percent of UIRCs indicated that
the goal, “to advance technological or scientific knowl-
edge,” was very important, based on a four-point Likert
scale where responses vary from “not important” to

Distribution of UIRCs by Importance of Selected Goals

Number and Percentage [in brackets] of UIRCs Scoring Goals as:

Not Somewhat Very Mean
Impaortant Important Important Important Score!

To Advance Technological or 3 20 58 384 3.71

Scientific Knowledge (N=497) [1.0] [4.0] [17.7] [77.3]

Education and Training (N=499) 14 56 149 281 340
[2.81 [11.0] [20.9] [56.3]

To Demonstrate the Feasibility of -4 118 160 164 24

MNew Technology (N=486) [9.1] [24.3] [32.9] [23.7]

Ta Transfer Technology o Industry 33 127 185 129 .78

(N=456) [11.1] [25.6] [37.3] [26.0]

To Improve Industry's Products or 68 133 164 126 2

Processes (N=491) [13.8] [27.1] [33.4] [25.7]

To Create Mew Business (N=483) 203 163 76 4] 1.91
[42.0] [33.7] [15.7] [8.5]

To Create New Jobs (N=431) 199 157 76 49 1.95
[41.4] [32.6] [15.8) [10.2]

To Antract New Industry to the Local 201 144 85 EE 1.94

Area or State (N=4T74) [42.4] [30.4] [17.9] [9.3]

"Mean computed where | = *Not Important™; 2 = “Somewhat Important™; 3 = “Important™ and 4 = “Very Importan.”

Source: Cohen, Florida and Goe, UTRC Swrvey, Camegie Mellon University, 1991
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“very important.” The second most important goal was
“education and training” with 56.3 percent responding
very important. This latter goal is consistent with
industry’s interest in obtaining trained personnel from
UIRCs. On a four-point Likert scale (where response
categories ranged from one for “not important™ to four
for “very important™), the mean scores for the two key
academic objectives “to advance technological or scien-
tific knowledge™ and “education and training™ were
3.71 and 3.40 respectively.

Industry’s other more tangible and immediate inter-
ests ranked well behind these more conventional aca-
demic objectives. Only 25.7 percent of UIRCs or 126
indicated that the goal of improving industry’s products
or processes was very important (33.4 percent ranked
this goal as important); and 26.0 percent indicated that
the goal of transferring technology to industry was very
important (37.3 percent ranked this goal as important).
The mean scores for these two key industry-related
objectives, namely “to improve industry’s products and
processes” and “to transfer technology to industry,”
were 2.78 and 2.71, respectively. One-third (33.7 per-
cent) of UIRCs saw the goal of demonstrating the feasi-
bility of new technology as very important (and 32.9
percent ranked this as important); the mean score for
this objective was 2.91.

Public policy, particularly at the state level, has fre-
quently promoted UIRC programs and expenditures on
the grounds that such university-industry relationships
can stimulate regional economic growth. The findings
presented in Table 8 indicate, however, that economic
development is less important to UIRCs than other
goals with only about 9 tol0 percent of respondents
viewing either the creation of new businesses, job
creation or the attraction of new industry as very
important goals. Indeed, more than 40 percent of the
respondents viewed such economic development goals
as unimportant.

Differences in key goals is surely one of the most
important ways that UIRCs differ from one another,
and a key difference is the degree to which UIRCs
attend to the relatively applied needs and concerns
of their industrial participants. Table 9 breaks down the
shares of UIRC activity devoted to basic research, ap-
plied research and development by the importance that
UIRCs attach to the goal of improving industry’s prod-

FTABLE 9

Types of Research by Importance of Mission of
Improving Industry’s Products or Processes: 199

Basic Applied
Share of Research Devoted to:  Research HResearch  Development
Percent of Entire Sample 401, 432 15.7
(N=49T)
Percent of UIRCs by
Mission Importance:
(1) Not Important 625 329 4.6
(M=Hi)
(2) Somewhat Important 432 44,7 12.1
(N=130)
(3) Important 434 41.2 154
(N=162)
{4) Very Important 24.4 493 26.3
(N=123)

Source: Coben, Florida and Goe, UIRC Survey, Camegie Mellon University, 1991.

ucts or processes. Not surprisingly, Table 9 shows that
UIRC:s that are more commercially oriented devote a
much higher share of their activity to applied research,
particularly to development. UIRCs that viewed com-
mercial concerns as unimportant devote the bulk of
their activity to basic research, with only a small share
of their total effort going to development.

Our findings suggest that more recently established
UIRC:s tend to have a more applied orientation (Figure .
2}, at least as revealed by the importance they attach to F

the goal of improving industry’s products and proc-
esses. For example, only 16.4 percent of UIRCs
founded before 1980 indicated that improving indus-
try's products and processes was “very important,”
while 32.7 percent of those founded after 1980 ranked
this as very impﬁﬂan[,ﬁ These figures are consistent
with the recent emphasis that funding agencies have
placed upon university-industry research relationships
as a vehicle for promoting technical advance in the U.5.
manufacturing sector.
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Importance of Mission to Improve Industry’s
Products or Processes by Period of Founding

16.0%

1429 (69)

12.3% (60)

14.0%

12.0% (5K}

12.00%

L%

TR% (35

BO%

6.0%

4.0%

T of Research Cenbers Responding

0%

0.0% S hat

Importand

Mol Important

Important Very Important

Imporiance of Mission

Founding period:
. pre-1980

Naode: N in parentheses with total N=485.
Souwrce: Coben, Flortda and Goe, LIRC Sieevey, Carnegie Mellon University, 1991,

l1osn10ss I post-19s4

In short, UIRCs differ considerably in their goals and
objectives. Perhaps the most salient difference is the
degree to which they focus on affecting technological
change in an immediate and tangible way that can
directly impact industry. While some UIRCs, particu-
larly those founded in recent years, hold that goal quite
dear, others were concerned with more purely academic
objectives. Furthermore, a relatively small share of
UIRCs emphasize direct contributions to economic
development.

6. Industries, Disciplines
and Technologies

UIRCs are quite diverse, and the research of UIRCs

is relevant to a wide array of sectors and industries.
More than one-quarter (27.3 percent or 137) of UIRCs
conduct R&D relevant to the manufacturing sector
exclusively, while more than two-thirds (67.9 percent
or 340 UIRCs) conduct R&D that is relevant to both the
manufacturing and non-manufacturing sectors. Less
than 5 percent (4.8 percent or 24 UIRCs) conduct

R&D that is exclusively relevant to the non-manufac-
turing sector.

Tables 10 through 13 show the industries, academic
disciplines and technological areas to which UIRC re-
search is relevant. Here, it is important to note that the
survey questionnaire asks each respondent to identify
all the disciplines, industries and fields of technology
to which their research is relevant.

Table 10 shows the number and percentage of
UIRCs associated with a given industry. As these data
indicate, UIRC research is concentrated in chemicals,
including pharmaceuticals (41.7 percent), computers
(35.0 percent), electronic equipment excluding com-
puters (29.0 percent), petroleum and coal products
(28.2 percent) and software (26.0 percent). No other
industry accounts for more than 22 percent of UIRC
research activity.

TABLE 10
UIRC Research by Industry: 1990

Number Percent

Industry of UIRCs of UIRCs
Chemical/Pharmaceuatical 213 41.7
Computer 179 35.0
Electronic Equipment 148 00
Petroleum and Coal 144 28.2
Software and Computer Services 133 26.0
Food Products 110 21.5
Fabricated Metals 107 209
Agriculture 102 0.0
Uilities 100 19.6
Rubber and Plastics By 17.2
Transportation 86 16.8
Transportation Equipment 9 15.5
Mining 78 153
Communications 78 15.3
Industrial/Commercial Machinery 8 153
Lumber and Wood 77 15.0
Primary Metals 76 149
Paper and Allied Products 75 14.7
N=511

Source: Cohen, Florida and Goe, LTRC Swrvey. Camegie Mellon University, 1991

UIRCs span numerous scientific and engineering
disciplines. Table 11 provides a disciplinary breakdown
of UIRCs on the basis of the fields of science and
engineering to which they contribute. Biology and
chemistry are the most heavily represented of the basic
sciences, each of these accounting for more than one-
third of UIRCs. Roughly two-thirds (65.6 percent) of
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UIRCs are contributing to at least one basic science.
Materials science and computer science are the most
heavily represented of the applied sciences. Materials,
electrical, mechanical and chemical engineering are
the most heavily represented of the engineering fields.
Each of these is associated with more than one-quarter
of UIRCs.

TABLE

Discipline

11
UIRC Research by Discipline: 1990

Basic Science:

Chemistry

Biology

Physics

Geology and Earth Sciences
Mathemancs

Engineering:
Materials
Electrical
Mechanical
Chemical
Civil
Industrial

Aeronauwtical and Astronautical

Applied Science:
Materials
Computer Science
Agricultural
Medical Sciences

Applied Math and Operations Research

Armospheric
Oceanography
Astronomy

N=497

Number

Percent

of UIRCs of UIRCs

192
169
120
98
54

171
159
155
137
103

87

58

386
340
4.1
19,7
10.7

3.4
320
ilz
276
20.7
175
1.7

0.2
26.2
21.3
18.7
11.5
&1
54
1.2

Source: Cohen. Florida and Goe, UIRE Survey, Carnegie Mellon University, 1991,

Spending by UIRCs also differs considerably by dis-
cipline. Table 12 shows that there are considerable dif-
ferences in the mean budgets of UIRCs. At the top of
the list are UIRCs conducting research in astronomy
($9.2 million) and atmospheric science ($8.8 million),
with mean total budgeted expenditures in excess of
twice the mean for all UIRCs. UIRCs conducting re-
search in agricultural science, geology, mathematics,

physics and aeronautical engineering also had mean
budgeted expenditures in excess of $6 million. Centers
conducting research in biology, chemistry, industrial
engineering and computer science had mean budgeted
expenditures between $5 and $6 million per year in
1990. At the low end of the distribution are UIRCs
conducting research in medical science and materials
science with mean budgeted expenditures of less than

$4 million per year in 1990.7

TABLE 12
UIRC Budgets by Discipline: 1990

Mean Budget

Discipline (thousands of dollars)
Basic Science:

Mathematics 18,544
Geology 6,853
Physics 6,702
Binlogy 5,933
Chermistry 3,133
(Other Basic 5214
Engineering:

Agronautical 6212
Industrial 5,731
Electrical 4.991
Civil 4.797
Mechanical 4,746
Chemical 4714
Materials 3,903
Orther Engineering 5,084
Applied Science:

Astronomy 9,220
Atmospheric Science 8 858
Agricultural Science 6,778
Computer Science 5934
Applied Math and Operations Research 4666
Oceanography 4 660
Medical Science 3.993

Matenial Science 3,685

=498

Number
of UIRCs

41
Bl
99
142
167
34

T7
128
85
123
117
139
a7

o
34
87
103

5l
22
78

119

Source: Cohen. Florida and Goe, UTRC Survey, Carnegie Mellon University, 1991,
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In addition to identifying UIRCs by discipline and
industry, we sought to identify UIRCs by the areas of
technology that they seek to advance. As Table 13
shows, three technology areas — advanced materials,
environmental technology and waste management, and

computer software — were the most heavily represented,

with between 25 and 30 percent of UIRCs pursuing re-
search activities related to these fields. Biotechnology,
biomedical technology and energy were the next most
heavily represented areas with between 20 and 24 per-
cent of UIRCs pursuing research in these fields.

TABLE 13
UIRC Research by Technology Area: 1990
Number Percent
Technology Area of UIRCs of UIRCs
E;i}onmen:a] Technultrg}ﬁ_ B s

Waste Management 147 98
Advanced Materals 135 273
Computer Software 125 26,1
Bisechnology 109 220
Biomedical 108 21.9
Energy 100 20.2
Manufacturing (Industrial,

Automotive and Robotics) 98 19.8
Agriculture and Food 50 8.0
Chemicals 77 15.6
Scientific Instruments 67 13.6
Semiconductor Electronics 4 13.0
Asrospace 6l 123
Pharmaceuticals Gl 12.3
Computer Hardware 50 10.1
Telecommunications 48 9.7
i sl : 4 75
W=4i

Source: Cobsen, Florida and Goe, UIRC Survey, Camnegie Mellon University, 1991

7. Performance

Evaluating the effects of UIRCs on the pace of innova-
tion and technical advance is a difficult and compli-
cated undertaking due to difficulties in constructing
reliable and consistent outcome measures, lags in the
innovation process and the complexity of the process

of technological change. Also, a complete evaluation of
these effects should include firms’ own views of their
experiences with UIRCs that our survey of UIRC direc-
tors obviously does not provide. Nevertheless, there are
a series of tangible measures of innovation that can be
used to consider the output of UIRCs. Examples of
such measures include: invention disclosures, patents
issued, patent applications, prototypes, copyrights,
licenses and research papers.

The 511 UIRCs that responded to our survey
reported the following outputs in total: 679 inventions,
459 patent applications, 211 patents granted, 160
licenses, 464 copyrights, 44 trade secrets, 426 proto-
types, 293 new products and 390 new processes. Note
that these figures reflect the total number of outputs
reported only by the respondents to the UIRC survey;
the analogous figures for the overall population of
1,056 UIRCs would be considerably higher.

Table 14 summarizes the average output per UIRC
for UIRCs reporting innovative output, This table
reports two averages for each type of output because it
is difficult to know whether a blank response indicates
Zero or is a missing value. We compute the first mean
(the lower number) on the assumption that a blank
answer 1o a question signifies zero when a respondent
answers at least one item in a question category but
leaves the others blank. The second mean treats the
blanks as missing values. These figures are computed
for the entire sample. For UIRCs reporting such results,
the average outputs per UIRC for 1990 were: 1.08-1.39
patent applications, 0.50-0.68 patents issued, 0.38-0.53
licenses, 1.00-1.49 prototypes, 0.69-1.06 new products
invented, 0.92-1.39 new processes invented and 1.09-
1.73 copyrights. The medians for almost all of these
outputs are zero. The output of research papers was
high with the average for 1990 being 42.47-43.60. Edu-
cational outputs were also considerable. The average
number of Ph.D s that were based on R&D conducted
at a UIRC was 4.38-4.60, and the average number of
master’s degrees was 7.03-7.53.
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TABLE 14
Output per UIRC: 1990

Mean'
(N=425) Mean? Median' Median®
Research Papers 4247 43.60{414) L] 20
Invention Disclosures 1.60 2.11{321) 0 I
Copyrights I.0e 1.73 (268) ] 0
Prototypes 100 1.49 (2B6) 1] I
New Products Invented 69 1.06(277) 0 i}
New Processes Invented (.92 1.39 (281) ] ]
Patent Applications 1.08 1.39 (3300 ] L1
Patents Issued (150 .68 (311) 0 0
Licenses (.38 L33 (301) 0 0
Ph.D.s 438 460 (410) 2 2
Master's Degrees T.03% 753 (402) 3 3

Naoae: N in parentheses in second column.

'Computed assuming bank responses signify zero, as long as there is o response o
at Least one of the category items.

‘Computed assuming Mank responses are missing values,

H=d3]

Sowrce; Coben, Flonda and Goe, DIRC Suwrvey, Carnegie Mellon University, 1991,

TABLE 15

1990 Output per UIRC for
UIRCs founded prior to 1987 vs.
DIzCeanded AT » ooy

Pre-1987  1987-89

Mean® Mean' Pre-1987 1987-80

(M=332) (N=93) Mean® Mean?
Research Papers 4794 2295  4R6T(32T) 2453 (87)
Invention Disclosures 1.63 .49 2.16(250) 19671
Copyrights 1.2% .38 194 (2213 0.74(47)
Prototypes 0.96 1.34 L4l {227y 178 (5%)
New Products Invented 0.70 0.65 1.05 (222} 100 (53]
Mew Processes Invented 0.497 074 1.43 (225) 1,23 (56)
Patent Applications .14 .38 146 (258)  1.14(72)
Patents Tssued .55 (.32 (.74 (245) 045 (06)
Licenses .44 .16 060 (242) 025 05%)
Ph.D.s 475%  302%% SO00(322) 116034
Master's Degress 757 S.03#*  BO7(31E)  551(84)

Maote: N in parentheses in thied and fourth columns.

'Compated assuming blank responses signify zero, a5 long as there is a responss o
ar least one of the category Items.

*Compated assuming blank responses are missing values

*Ne330

L1 N =I.:|2

Source: Cohen, Florida and Goe, LTRC Swrvey, Camegie Mellon University, 1991,

The innovation process 1s characterized by a lag or
gestation period, as noted above. Therefore, in Table
15, we estimate UIRC outputs taking this lag into ac-
count, comparing the average outputs of UIRCs estab-
lished prior to 1987 to those established in the 1987-
1989 period. The lagged outputs are all higher with the
exception of prototypes.

Intermediate Outcomes

Although measuring outputs such as patents, inven-
tions and prototypes is useful and important, such
measures do not fully capture the effects of UIRCs
on technological advance. In particular, such mea-
sures do not capture the full contribution of UIRCs
or similar organizations to the knowledge base and
associated R&D activities of participating firms
(Feller 1988).

Thus, we developed a series of “intermediate
outcome” measures to assess better the effects of
UIRCs on technical advance. The concept of an
intermediate outcome refers to the effect of the
knowledge generated by UIRC research on the R&D
activities of firms. In particular, we were concerned
with the ways firms used UIRC research to revise
their own views of the feasibility of particular
technologies, make their own R&D process more
efficient, and make improvements in existing prod-
ucts and processes. Accordingly, the survey asked the
center directors to indicate, to the extent possible,
how frequently knowledge produced by UIRCs was
used by participating firms in 1990 to: (1) improve
existing products, (2) improve existing processes, (3)
introduce new products, (4) introduce new processes,
(5) make existing R&D projects more efficient, and
(6) introduce new R&D projects.

Participating firms are obviously more qualified to
answer this question than the UIRC directors who
responded to our survey. Nevertheless, UIRCs provide
an important source of information on this issue. More-
aver, the questionnaire allowed UTRC directors to indi-
cate that they did not know the answer, and from 36 to
44 percent of the respondents (depending upon the spe-
cific question) indicated that was the case. Table 16
reports the findings for intermediate outcomes. The
results indicate that of those respondents claiming they
could answer, between 13 and 21 percent of responding
UIRCs, depending upon the particular measure in ques-
tion, reported that they never observed a given effect.
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Of the 190 UIRCs that indicated they could respond
to all the intermediate outcome questions, 6.3 percent
indicated that none of these outcomes had ever been
realized by participating companies.

These findings indicate that UIRCs principally con-
tribute to the improvement of existing processes or
products and increase the efficiency of existing R&D
projects. The findings indicate that UTRCs typically re-
alized each of the six types of intermediate outcomes
between one and five times.® As Table 16 indicates, the

mode and median values for all six types of intermedi-
ate outcomes fall in the range of one to five times or
three times if the mid-point is used (as in Table 16). On
the basis of the mean and mid-point values, we see that
UIRC:s contributed to the improvement of new products
and processes and to the increased efficiency of existing
R&D somewhat more than they contributed to the
introduction of new products or processes or the intro-
duction of new R&D projects by industry.

UIRC directors” estimates of frequency with which UIRC research was used by pamicipating firms in each of the following ways.

TABLE 16
Frequency of Intermediate Outcomes: 1990
[Percent in brackets]
0 1-5 6-10 11-15 15+ Don't Summary Scores®
Use of UIRC Research:’ times times tirmes timies times Know Mean* Median Mode
To improve existing 77 158 35 10 22 185 423 3 3
products (N=487) [15.8] [32.4] [7.21 (2.1 [4.5] [28.0]
To improve existing 67 159 41 13 X 173 4.58 3 3
manufacturing processes [14.0] [33.1] [8.3] [2.7] [5.6] [36.0]
[N=480)
To introduce new products 102 145 24 8 9 197 3.05 3 3
(N=48T) [21.4] [29.8] [4.9] [1.6] [1.8] [40.5]
To introduce new processes 97 128 24 ] 11 212 320 3 3
(N=4T8) [20.3] [26.8] [5.0] [1.3] [2.3] [4£.4]
To make existing R&D 62 133 Bl 17 22 213 466 3 3
projects more efficient [12.7] [27.3] [8.2] [3.5] [4.5] [43.7]
(N=48T)
To introduce new R&D 61 159 35 (1] 13 207 172 3 3
projects (N=485) [12.6] [32.8] [7:2] [2.1] [2.7] [42.7]

‘Excluding “don’t know”™ responses from the distribution. To compute Summary Score indices, we assigned values of 0 to “zero times,” 3 1o *1-5 times,” 8 10 “6- 10 times.”

130 “11-15 times™ and 15 to 15+ times.”
"Means computed for centers established prior to 1987 were similar,
Source: Cohen, Florida and Goe, LR Survey, Camnegie Mellon University, 1991,
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Productivity

Since UIRCs differ significantly by size, we normalized
all output measures to examine the output of UIRCs per
million dollars of spending. In the following discussion,
we use the term productivity not in the conventional
causal sense, but rather to characterize output normal-
ized by contemporancous size, where size is measured
as budgeted UIRC expenditures.? We treat blank
responses as in our discussion of Table 14 above. As
Table 17 shows, for UIRCs reporting both outputs and
budgeted expenditures, the average outputs per million
dollars per center in 1990 were as follows: 1.12-1.64
prototypes: 0.80-1.22 new product inventions; 0.72-
1.07 new process inventions; (.75-0.96 patent applica-
tions; (.42-0.57 patents issued; 0.53-0.83 copyrights;
and 0.23-0.32 licenses. The productivity of UIRCs in
terms of academic outputs was considerable. UIRCs
generated an average of 23.58-24.45 research papers
per million dollars per center. There was no consistent
pattern across types of output when we compared 1990
productivity figures for UIRCs founded in the 1987-
1989 period compared with those founded before 1987,
suggesting little consistent effect of any lag.

To compute our intermediate outcome productivity
figures, we used the midpoints for all the categorical re-
sponses except the highest category (i.e. “15+” times),
which was assumed to equal 15 (see summary scores
on Table 16). With regard to intermediate outcomes,
UIRC productivity appeared to be substantial, although
it s difficult to know exactly how important these con-
tributions are since we have little basis for comparison.
UIRCs reported that knowledge generated in the center
yielded an average of 5.82 improvements in existing
products, 5.27 improvements in existing processes, 3.46
new product introductions and 2.98 new process intro-
ductions per million dollars of expenditure per center.
UIRCs reported that knowledge generated by the center
resulted in the introduction of an average of 4.28 new
R&D projects to industrial sponsors and helped to make
their sponsors” R&D more effective an average of 5.69
times per million dollars of expenditure. Note that
ranges (due to different treatments of blank responses)
are not indicated for the intermediate outcome results
because these questions were closed-ended and clearly
distinguished a “zero” response from a “don’t know™
TESPONSE.

TABLE 17
UIRC Productivity: 1990
{Output per million dollars)
Mean*
(Founded
Mean' Mean® pre-1987)

Innovation Outcomes:

Research Papers 23,58 (3153) 24,45 (343) 24.33 (268)
Invention Disclosures 1.0 (353) 1.37 (263) B 10 (208)
Copyrights 0.53 (353) 0.83 (225) (L84 {186)
Prototypes 1.12{353) 164 (241 1.52 (189)
MNew Products Invented 0.80 (353) 1.22 (233) 100 (186)
MNew Processes Invented  0.72(333) 1.07 (237) 0949 {189)
Patent Applications 0.75 (353) 0.96 (278) 087 (21T)
Patents Issued 0.42 (353) 0.57 (260) (62 (205)
Licenses 0.23 (353) (.32 (254) (.28 (204)
Education Outcomes:

Ph.D.s 3.09 (352) 3.22(338) 3.27 (265)
Master's Degrees 5.65 (352) 6.02 (330} 3.57 (25T
Intermediate Outeomes:*

Improve Existing Products 582 (260) 5.80 (209)
Improve Existing Processes 3,27 (267) 300 (213)
Introduce New Products 3.46 (255) 305 (202)
Introduce New Processes 298 (237) 284 (187)
Make R&D More Efficient 5.69 (243) 5.16 (182)
Introduce New R&D Projects 4,28 (241) 3.62 (185)

MNote; N in parentheses

'Computed assuming blank responses gsignify zemo, as bong as there is a response o
a least one af the category ilems, This assumplion was not :Ip‘FIliﬁ_l by the intermedi-
ale outcomes because this question category was close-ended and provided the
option of responding “don’t know™ or zero,

Computed assuming blank responses are missing values

'I'Z:s.'lu.dmg “don’t know™ responses from the distribuation. To compute indices for
mlermediate ouicomes, wi assigned values of 0o “zero tmes,” 3 o “1-5 tmes,”™
B o6 10 mes,"” 13 w1 1=15 omes™ and 15 w0715 imes.”

Source: Cohen, Florkda and Goe, UIRC Suevey, Carnegie Mellon Universiny, 19491,

Performance Benchmarks

Performance benchmarks are useful for providing a
more complete picture of the performance of UIRCs
compared to other relevant types of organizations.
While appropriate benchmarking data is unavailable
for most of the performance indicators in our survey,
there are a few relevant measures, such as patents and
research papers, for which such benchmarking data
are available.
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Patents are perhaps the most important dimension
for which accurate benchmarking data can be obtained.
While the following calculations are crude, the results
are revealing. In 1990, about 60 percent of the UIRCs
in our survey reported patents. These 311 UIRCs re-
ported a total of 211 patents. That same year, the total
number of patents granted to universities was 1,174
{(MNational Science Board 1993: 430). Thus, the reported
patent output of the sample UIRCs was equivalent to 18
percent of the total number of patents granted to univer-
sities nationwide.10 The patent performance of UIRCs
is at least comparable to that for universities as a whole.
In 1990, for UIRCs reporting both innovative outputs
and R&D budget data, the total number of patents
equaled 158. The total budgeted R&D expenditures for
all 347 of these centers was $855.6 million, implying an
aggregate productivity of 0.185 patents per million dol-
lars. Universities generated .072 patents per million
dollars, dividing the total 1,174 university patents by
$16 billion in university spending on scientific and
engineering R&D. This figure rises to (.21 patents
per million when dividing the total 1,174 patents by
the $5.66 billion universities spent only on applied
scientific and engineering R&D.

UIRC patent productivity was approximately one-
third that of industrial R&D, which is understandahle
since industry”s incentives to patent are typically
greater than universities’. In 1990, U.S. owned compa-
nies accounted for 33,359 patents and spent $64.4 bil-
lion on R&D. (National Science Board 1993: 333, 455).
Thus, industrial firms generated (.52 patents per mil-
lion dollars of total U.S. corporate R&D expenditure.

A second area of comparison is research papers.

In 1990, the UIRCs in our sample generated 18,050
research papers. Based on that, we estimate that all
1,056 UIRCs nationwide may generate as many as
46.000 research papers. To compare, the most recent
available data indicate that scientists and engineers
engaged in R&D at universities generated roughly
141,000 articles in 1989 (National Science Board 1993:
428). Of course, this comparison must be qualified by
the fact that the UIRCs in our sample are reporting re-
search papers, while the data for universities reflects
published papers only. Nevertheless, if we divide the
14,004 papers reported by the 347 UIRCs that produce
any innovative output by the $855.6 million sum of all
those centers’ budgets, we find that UIRCs generated

16.4 research papers per million dollars of expenditure.
This compares to 9.4 published articles per million
dollars of R&D spending for universities nationwide
in 1989.

These findings suggest that the rate of UIRC patent
generation per million dollars is at least comparable to
that of university science and engineering R&D gener-
ally, and less than that of industry. At the same time,
UIRC' are generating academic papers at a rate that is
at least comparable to universities more generally.

Diversity

UIRCs are extremely heterogeneous and, as such, are
likely to have distinct outputs. The performance of
UIRCs is likely to differ across dimensions such as size,
source of funding, mission, academic discipline, the
industries with which they collaborate and the focus of
their activity. It is also important to recognize that dif-
ferent types of output are appropriate to different kinds
of UIRCs. For example, prototypes may be a useful
measure for a UIRC devoted to process commercializa-
tion, but it will not be particularly informative for one
whose main mission is to advance basic science. While
space limitations prevent us from disaggregating
UIRCs along every possible dimension of interest, it is
useful to distinguish the output and productivity of
UIRCs by the goals they pursue, by technology areas,
by size and by their different sources of funding. For
Tables 18 through 22, all “innovation outcome™ and
“education outcome” category data are computed as-
suming that blank responses signify zero as long as
there is a response to at least one of the category items.
“Intermediate outcome™ category data are computed
assuming blanks signify missing data because the ques-
tion category was close-ended and provided the option
of responding “don’t know™ or zero.

Goals: The goals that distinguish UIRCs are likely to
affect the types and magnitudes of their outputs. Table
18 reports the average absolute levels of UIRC output
and Table 19 reports average UTRC productivity (i.e.
output per million dollars of UIRC expenditures per
UIRC) by the degree to which the UTRCs subscribe to
the goal of improving industry’s products or processes,
As Table 19 shows, there are clear differences in both
innovative outputs and intermediate outcomes when
this goal is taken into account. The UIRCs that view the
mission of improving industry’s products and processes
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TABLE 18

UIRC Output by Importance of Mission to Improve Industry’s Products or Processes: 199

Not
Important

Innovation Oulcomes:

Inventons Disclosed .81
Patent Applications L5
Patents Issued .70
Licenses 0.19
Prodotypes 0.23
New Products Invented 0.30
New Processes Invented 0.38
Trade Secrets 0.02
Copyrights 1.09
Research Papers 56.64
Education Ouleomes:

Ph.D.s Granted 4.13
Master's Degrees Granted 6.20
Intermediate Outcomes:*

Improve Existing Products 1.22
Improve Existing Processes 1.16
Introduce New Products 1.86
Introduce New Processes 1.79
Make R&D More Efficient 249
Introduce New R&D Projects 2353

N refers to number of UIRCs rcpo_l':iﬂg both outcome and ':rnp?iun-:c of the mission to improve industry’s products or processes.

Somewhat Very
Important Important Important N'
1.51 150 223 418
0.82 1.08 1.37 418
0.6 .49 .54 418
0.30 043 0459 418
0.75 1.03 166 418
0.50 058 127 418
0.52 1.32 110 418
0.03 0.15 0.16 418
0.40 1.94 080 418
43.55 40.91 29.60 418
4.45 4.5] .61 422
7.93 8.13 5.17 422
3.46 380 .04 288
343 458 6.55 2094
297 271 4.10 278
202 283 484 255
4.61 4.76 5.61 263
345 3.88 5.06 270

"Excluding “don’t know™ responses from the distribution. To compate indices for intermediate outcomes, we assigned values of 0 to “zero times,” 3 to ©1-5 times,” § to

“6-10 times,” 13 to “11-15 times™ and 15 fo =15+ times.”
Source: Coben, Flonda and Goe, UTRC Servey, t"zrnegl.e Mellon Unaversity, 19491.

as “very important” report productivity that ranges from
twice to 12 times that of the UIRCs that view this goal
as “unimportant” for all innovation outcome items
except patents and research papers. For example,
UIRCs that view improving industry’s products and
processes as “very important” reported 1.07 invention
disclosures per million dollars, compared to 0.27 inven-
tions for those that saw this as “not important.” Simi-
larly, UIRCs that view the improvement of industry’s
products and processes as very important reported 0.90
new processes per million dollars versus 0.42 new
processes per million for the UIRCs viewing this
mission as unimportant, There is a similar pattern for
almost all of the intermediate outcomes, with the levels
typically on the order of twice to nearly seven times
greater. For example, the most industrially-oriented
UIRC:s reported 8.52 product improvements and 8.65
process improvements per million dollars, compared to
2.04 product improvements and 1.29 process improve-
ments by the least industrially-oriented UTRCs.

One might expect that the most purely academic out-
puts—namely research papers—might decline as the
mission of improving products and processes increases
in importance. As Table 18 shows, the absolute number
of research papers declines by almost 50 percent as this
commercial mission increases in importance. However,
when we examine the academic productivity of UIRCs
(i.e. the number of academic papers produced per mil-
lion dollars of expenditure), this decline diminishes to
23 percent (Table 19).

Technology Area: The fields of technology in which
UIRCs focus their activity are also likely to affect the
magnitude and types of their outputs. For example, an
output which is relevant to one field of technology may
be irrelevant to another. Studies of industrial R&D, for
example, suggest that the propensity to patent varies
considerably across technology areas (Levin et al.
1987). Furthermore, some technology areas may lend
themselves more readily to prototyping. product
improvements or process improvements. Table 20 sum-
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UIRC Productivity by Importance of Mission to Improve Industry’s Products or Processes: 1990

TABLE 19

{Output per million dollars)
Not Somewhat Very
Important Important Important Important N

Innovation Outcomes:

Inventions Disclosed 0.27 1.02 1.33 107 349
Patent Applications 0.28 0.72 1.06 (.65 349
Patenis Issued 037 0.48 053 022 349
Licenses 011 014 0.30 028 349
Prototypes 033 090 1.29 153 349
New Products Invented 0.19 038 0.84 1.52 349
New Processes Invented 0.42 0.31 1.01 0.90 349
Trade Secrets 0.02 0.06 0.13 0.25 3o
Copyrights 015 022 1.00 044 ug
Research Papers 2248 3208 1184 17.42 M5
Education Outcomes:

Ph.D.s Granted 1.92 3.82 3.55 260 346
Master's Degrees Granted 2.76 7.33 6.00 5.29 35
Intermediate Outcomes:*

Improve Existing Products 204 4,16 6.31 B.52 250
Improve Existing Processes 1.29 3.70 507 B.65 258
Introduce New Products 1.72 304 371 4,75 245
Introduce New Processes 1.72 1.33 2.79 4.97 228
Make R&D More Efficient 295 4.62 7.61 b | 237
Introduce Mew R&D Projects 393 359 4.90 4.30 237

'N refers 1o number of UIRCs repoming outcome, 1otal center budger and imponance of the mission o improve industry®s products or processes.

*Excluding “don’t know™ responses from the distribution. To compuate indices for imermediate outcomes, we assigned values of 0 to “zero times,” 3 to *1-5 times.”

B "6-10tmes.” 13 10 "11-15 times™ and 15 w0 =15+ times.”
Source: Cohen, Florida and Goe, UTRC Swrvey. Camegie Mellon University, 1991

marizes output productivity (i.e. outputs per million of
dollars of UIRC budgets) for the six most heavily repre-
sented technology areas in our sample: advanced materi-
als, biomedical, biotechnology, computer software,
manufacturing and environmental technology. As this
table shows, there are clear differences in productivity
along selected dimensions of output. For patent produc-
tivity, advanced materials and biotechnology are the
leading areas. For licenses, the top performers are bio-
medical and computer software. Biotechnology is the
leader in new products, while computer software leads
in the development of new processes. Computer soft-
ware and manufacturing lead in prototypes. For aca-
demic output, the area of advanced materials leads in
research paper productivity with nearly double the
output of the lowest ranked field on this dimension,
computer software. Taken together, these findings
indicate that tvpes of output vary considerably by field
of technology.

Size: Another important dimension where UIRC
performance differs is size. Table 21 compares the pro-
ductivity of small UIRCs (those with budgets of
$500,000 or less) with that of large UIRCs (those with
budgets of greater than $500,000). The results are strik-
ing. Along every measure of output—whether tangible
innovative outputs like patents, educational outcomes
such as Ph.D.s, or intermediate outcomes—the produc-
tivity of small UIRCs is greater than that of large
UIRCs. The productivity of small centers, depending
upon the output dimension selected, is from two to six
times greater than large centers. An important question
is whether these differences are actually related to size,
or whether they simply reflect underlying differences
associated with industries, fields of technology or aca-
demic disciplines. To probe this possibility, we con-
ducted a series of regression analyses that explored the
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TABLE 20

UIRC Productivity for Leading Technology Areas: 1990

{Output per million dollars)

*Advanced

Bio-

Materials Medical
Innovation Outcomes:
Inventions Disclosed 1.44 (93] (LB6(75)
Patent Applications 1.21 (95) 071 {75)
Parents Issved 0.79 (95) 0.26(75)
Licenses 0.21 (95) 0.33(75)
Prototypes 1.38 (93) 1.29 (75)
MNew Products Invented 0.72 (95} 0.65 (T5)
Mew Processes Invented (.79 (95) (.58 (T5)
Copyrights (.42 (95) 0.32(75)
Research Papers 30.7% (95) 24,44 (73)
Education Outcomes:
Ph.D}.s Granied 4.26(91) 242(73)
Master's Degrees Granted 6.66 (1) 342(75)
Intermediate Oubeomes:'
Improve Existing Products .06 (67) 6.6% (A1)
Improve Existing Processes 45171 4.20(55)
Introduce New Products 3.06 (66) 322(n1)
Introdece New Processes 172 064) 200051}
Make R&D More Efficient 6.22 (65) 507 (54)
Introduce New Ré&D Projects 2.77 (66) 358 (500

Mote; N in_|:.|:|:\enI!1|=-|:'\.

Bio- Computer
Tln:hm:llngy_ Software Manufacturing  Environmental

1.29{31) 0.62 (8) 0490 {6T) 1.02 (1049
1.06(81) (.46 (89 049 (67) .88 (1049
050 (81} 018 (89 044067) 0.75 (109
023 (31) 0.30 (8% 0.22(67) 0.25 (109
(.96 (81) 204 (B 2.06(67) 1,23 (109
1.00(81) 0.62 (89) L3T 6T 0.6% (108
0.63 (B 1035 (89 54 (6T) (.84 (1059
0,36 (81 100 (R 1.59 (67) 021 {109)

2661 (81) 16.42 (89) 19.36 (67) 22.20(109)
325(75) 264 (B8) 329 (6% 2.93 (104)
4.95(75) 540 (BE) I1.B5 (69) 6,946 [ 104)
541 (60) S512(7%) 593 (52) 461 (74
571 (5T 531473 6,14 (52) 339 (BY)
4.25(57) 3.33 (66) 3123 (45) 30307
2.88 (52) 345 (56) 362 (45) 228073
5.52(49) S8L(TO 647 (52) 38D (72)
3.53 (500 4.95 (68) 4,20 {30) 3.39(72)

Excluding “don’t know™ responses from the distribation. To compate indices for intermediate outcomes, we assigned values of (Mo “zero times,” 3 o 15 imes," § 1o

“B=10 mes,” 13 10 *11-13 times” and 15 to “15+ times.”
Source: Cohen, Florida and Goe, UTRC Swrvey, Camegie Mellon University, 1991,

effect of UIRC size on each of our productivity dimen-
sions while controlling respectively for industry,
discipline and technology area differences. Although
the results indicate that the basic finding that smaller
UIRCs are more productive than larger UIRCs is
robust, they also suggest that size may affect produc-
tivity for a given type of output only when the UTRC
is producing that type of output to begin with. Size,
however, may not affect the types of output produced.
The regression results further indicate that the effect of
size is non-linear, with the smallest UIRCs being the
most productive.

There are at least three possible explanations for the
observed productivity differences between large and
small UIRCs. First, there may be diminishing returns to
R&D in any given area. Second, larger centers may be

less efficient than smaller UIRCs. Third, smaller
UIRCs may to some extent leverage the resources of
the university's broader capabilities and infrastructure
in science and technology, while larger UIRCs may be
more self-sufficient or even contribute resources to the
university’s scientific and technical infrastructure. It is
important to note, however, that this apparent size
effect does not provide any guidance for policy. We
cannot infer that smaller UIRCs are more effective in
promoting technical advance than larger UTRCs with-
out a more complete understanding of the sources of
these productivity differences.

Funding Source: UIRCs also differ considerably by
funding source. Centers supported principally by indus-
try, for example, are likely to differ in their orientation,
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TABLE 21
UIRC Productivity by Size: 1990

{Output per million dollars)
Small Centers Large Centers
(Budget = $500k)  (Budgel = $500k)
Mean Mean

Innovation Outcomes:

Inventions Disclosed 203 (81) 0.74 (272)
Patent Applications 1.57 (81) 0.51 (272)
Patents Issued 0,97 (81 0.26 (272)
Licenses 048 (31 015 (272)
Prototypes 27081 065 (272)
Mew Products Invented 217 (81) 0.40(272)
New Processes Invented 1.71 {81} (.42 (272
Copyrights (.88 (31} 043 {272)
Research Papers 45.08 {31} 1741 (272)
Education Outcomes:

Ph.D.s Granted T.200(84) 1.B1 {268)
Master’s Degrees Granted 13,41 (84) 322 (268)
Intermediate Quteomes:'

Improve Existing Products 15.56 (70) 2.24 (190)
Improve Existing Processes 1295 (71) 2,50 [ 1946)
Introduce Mew Products 7.92(T1) 1.74 (184}
Introduce New Processes 5.59 (06) 1.32(171)
Make R&D More Efficient 13.83 (65) 2.72{178)
Introdece New R&D Projects 218 (182)

1074 (39

MNoge: N in parentheses

'Excluding “don’t knew™ responses from the distribution, To compute indices for
intermediate outcomes, we assigned values of 0o “zero imes,” 3 o *1-5 times,”
Bo 6-10 times.” 13 10 =1 1-15 dmes™ and 15 w015+ times.”

Source: Cohen, Florida and Goe, UIRC Swrvey, Camegie Mellon University, 1991,

objectives and expectations from those funded princi-
pally by the federal government. Table 22 summarizes
UIRC productivity per million dollars by the major
funding sources: federal government, state government
and industry. The 124 industry-led centers appear to
outperform the 205 government-led centers in terms of
almost all performance dimensions. As Table 22 sug-
gests, industry-led centers outperform both the 35 state
and the 170 federally led centers in terms of inventions,
patents, prototypes and other innovative outputs. The
productivity of industry-led centers is greater in terms
of intermediate outcomes, particularly those associated
with improvements in industry’s products and pro-
cesses and those that make industrial R&D more effi-
cient. For example, industry-led UIRCs reported that
UIRC generated knowledge yielded nearly three times
more product improvements than federally led UIRCs,

TABLE 22

UIRC Productivity by Primary Funding Source': 1990
{Output per million dollars)

Source Providing

Most Funding Federal State Industry NE
Innovation Oulcomes:

Inventions Dhsclosed .64 0.78 1.69 329
Patent Applications .47 .40 1.24 329
Patents Tssued 0.22 (106 0.69 329
Licenses 0.20 00 0.22 329
Prototypes .56 (L66 1,74 329
New Products Invented 0.32 0.83 0.92 329
MNew Processes Invented {134 0,72 1.20 329
Trade Secrets 0.03 00,45 0.6 329
Copyrights (.38 0.11 0,69 K
Research Papers 2145 1698 28,90 329
Education Outcomes:

Ph.D.s Granted 212 1.89 4.60 325
Master's Degrees Granted 362 347 7.26 325
Intermediate Outeomes:?

Improve Existing Products 2635 2.21 10,13 233
Improve Existing Processes .02 306 9.16 240
Introdece New Products 1.64 3.a2 4491 220
Introduce New Processes .77 2.26 522 2%
Make R&D More Efficient 308 .85 10,76 213
Introduce New R&D Projects 2,36 286 7.31 213

"Primasy furding source is the source {federal, :\[:i[:q_r;'-:-m.l.ustry] which accounts for
the highest percent of the center’s budget.

"N refers to number of UIRCs reporting outcome, funding sources and a total center
budget.

‘Excluding “don’t know™ responses from the distribution. To compute indices for
imtermediate outcomes, we assigned valees of 0 to “zero imes,” 3 to *1-5 times," §
to - L0 emes,” 13 00 = 11-15 tGmes™ and 15 o 15+ tmes,”

Source: Cohen, Florda and Goe, UIRC Survey, Carnegie Mellon University, 1991,

and almost five times that of state-led UIRCs. Industry-
led centers generated 10.13 product improvements per
million dollars compared to 2.21 for state-led centers
and 2.65 for federally led centers. Industry-led UIRCs
also generated considerably more process improve-
ments and new product and process introductions

than either federal- or state-led centers. Surprisingly,
industry-led centers are the most productive in terms of
Ph.D.s and research papers as well. Industry-led centers
generated 28.90 research papers per million dollars
compared to 16.98 for state-led centers and 21.45 for
federally led centers. Industry-led centers are no longer
more productive with regard to academic outputs such
as papers, however, once we control for industries,
technologies or disciplines in a regression analysis.

University-Industry Research Centers in the United States 23



Spinoff Companies

UIRCs also contribute to technical advance by yielding
new process or product ideas that can be commercially
exploited through the formation of new enterprises,
commonly referred to as “spinoff” companies. The
survey collected data on the number of such spinoff
companies from UIRCs. As Table 23 shows, 22.5 per-
cent of the respondents or 103 UIRCs indicated that
new companies have been created as a result of UIRC
activity. The mean for UIRCs reporting spinoffs was
2.38 spin-offs per UIRC, with 49 centers reporting one
spinoff, 30 UIRCs reporting two spinoffs, 15 centers
reporting three to four spinoffs and three UIRCs
reporting 10 to 20 spinoffs.

TABLE 23
Total Number of Spinoff Companies from UIRCs

Number Percent
of UTRCs of UIRCs
Centers with spin-off companies 103 . ]
(N=483) 2
Centers with: 1 spinoff company 44 0.0
2 spinoff companies 0 6.1
3 spinoff companies 1 12
4 spinoff companies 4 0.8
53-8 spinoff companies G I
10-20 spinoff companies 3 0.6
Mean number of spinoff companies
per center reporting any spinoffs 138

Source: Cohen, Florida and Goe, LIRE Swrvey, Camegie Mellon University. [

Education and Training

An annual average of approximately four Ph.D.s and
seven master’'s degrees were awarded based upon re-
search conducted in UTRCs. Each UIRC employed an
average of 15.9 graduate students, 9.0 undergraduates
and 3.1 postdoctoral fellows in 1990 (see Table 3
above). Also, as noted earlier, a significant number of
university faculty, researchers and students nationwide
are exposed to UIRC activities. Thus, UIRCs make an
important contribution to the economy and society
through their education and training effort.

Our data suggest that research conducted at the
UIRCs in our sample was the basis for the award of
1,886 Ph.D.s in 1990. That same vear, universities

nationwide produced 22,857 Ph.D.s in science and
engineering (Mational Science Board 1993: 286). Thus,
the research conducted by UIRCs in our sample pro-
vided the basis for the award of at least 8 percent of
science and engineering Ph.D.s nationwide.

UIRCs also play an important role in providing
trained employees to industry. The field research and
interviews suggest that a key motive for industry par-
ticipation in UIRCs is to gain access to a pool of
trained, technically competent prospective employees
who have gained practical experience as well as
academic training. The survey findings indicate that
UIRCs play an important role in providing trained
employees to industry. On average, 5.70 students from
each UIRC received permanent employment from par-
ticipating companies in the two year period. 1989-1990,
with 58.3 percent of the respondents indicating that at
least one student had been employed by a participating
firm in 1989 or 1990. (The mean employment for the
two year period 1989-1990 for UIRCs founded before
1987 was 6.36 and the median was two.) Slightly more
than half (50.4 percent) of UIRCs indicated that they
provided industrial participants with privileged access
to their students as prospective employees, In addition,
37.8 percent of responding UIRCs indicated that “prac-
tical experience for students in an industrial setting”
was a benefit from their relationship with industry.

8. Technology Transfer

The effect of UIRCs on technical advance depends
upon the transfer of knowledge and ideas from the
UIRC to industry participants. In our survey, technol-
ogy transfer was defined as the communication of sci-
entific and technological knowledge resulting from
UIRC Ré&D projects to private companies where it
could be used for industrial applications. As indicated
in Table 8 above, almost two-thirds (63.3 percent) of
UIRCs scored the objective of transferring technology
to industry as at least “important.” However, only

6.3 percent of UIRC effort is allocated to technology
transfer (see Table 7, above).

An important question concerns the effectiveness of
various mechanisms for university-industry technology
transfer. Table 24 reports on the use and the relative
effectiveness of technology transfer mechanisms. Not
surprisingly, research papers and reports, telephone
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TABLE 24

Use and Effectiveness of Technology Transfer Mechanisms

Number and Percentage [in brackets] of UIRCs

Scoring Transfer Mechanisms as:
Mot Somewhat Very Summary SCE.I._‘I’:‘S'
Effective Effective Effective Effective Mean Median Mode

Collaborative R&D 3 39 .3 193 346 4 4
projects (N=323) [0.9] [12.1] [27.2] [59.8]

Seminars, workshops, 5 94 165 az 2497 3 3
symposiums {N=336) [1.4] [26.4] [46.3] [25.8]

Research papers and 7 112 204 105 2.95 3 3
technical repornis (N=428) [1.6] [26.2] [47.7] [24.5]

Telephone conversations 6 108 205 100 295 3 3
(N=419) [1.4] [25.8] [48.9] [23.9]

UIRC personnel in i} 22 43 77 335 3 4
industry labs (N=102) [0] [21.6] [32.4] [46.1]

Industry personnel in 1 26 i 88 3.42 4 4
UIRC (N=144) [0.7] [158.1] [20.1] [61.1]

Informal meetings with 3 59 188 169 325 3 3
industry personnel (N=419) [0.7] [14.11 [44.9] [40.3]

Delivery of proteiypes or 0 13 41 57 3.40 4 4
designs (N=111) [0] [11.7] [36.9] [57.4]

'Seores computed with | = “Not effective”™; I = “Somewhat effective™; 3 = “Effective”; and 4 = “Very effective.” Data are reported only for those centers thal reported

using the mechanisms,
Source: Cohen, Florida and Goe, UIRC Survey, Camegie Mellon University, 1991,

conversations and informal meetings were cited as the
most commonly used mechanism of technology trans-
fer. Seminars, workshops and joint R&D projects were
also widely used.

The survey asked the respondents to evaluate the
effectiveness of different technology transfer mecha-
nisms. In considering these findings, however, note that
the technology transfer mechanisms we consider do not
operate Independently of one another. For example, a
prototype may be delivered along with a technical
report. Telephone conversations typically precede and
follow face-to-face meetings. To the extent that these
mechanisms operate in conjunction with one another,
looking simply at the effectiveness scores for any single
mechanism may be misleading. Moreover, the differ-
ences across the various technology transfer mecha-
nisms are small.

Nevertheless, the most highly ranked technology
transfer mechanisms include collaborative R&D, hav-
ing industry personnel work within the UIRC, delivery
of prototypes or designs, having UIRC personnel work
in industry labs, and informal meetings between indus-
try and university personnel. The respondents indicated
that the traditional ways of transferring academic find-
ings, namely research papers and technical reports and
seminars, were not as effective as these other mecha-
nisms, and roughly as effective as telephone conversa-
tions. Note that our effectiveness scores are computed
only for those centers that have used a given technology
transfer mechanism. In summary, the results suggest
that face-to-face interactions are the most important
component of effective technology transfer from
UIRCs to industry.
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The survey also asked UIRC directors to assess the
relative effectiveness of interactions between university
and different types of industry personnel for technology
transfer. This question was framed in terms of a similar
four-point Likert scale. Interactions with bench scien-
tists and engineers in central R&D laboratories (39.1
percent responding very effective) and the directors of
such laboratories (32.9 percent responding very effec-
tive) were seen to be most effective. Another 22.0 per-
cent of respondents indicated that interactions with
bench scientists and engineers at development labora-
tories associated with manufacturing units were very
effective. Not surprisingly, interaction with top execu-
tives was seen to be relatively less important (just 18.4
percent responding very effective). Interactions with
engineers and technicians in actual manufacturing
operations were reported as least effective with just
13.9 percent responding very effective.

Our survey findings suggest that the means of com-
munication may make some difference with regard to
the effect of university-based knowledge on firms and,
hence, technical advance. Moreover, UIRCs provide
vehicles for technology transfer that emphasize face-to-
face interaction that may be more effective than other
mechanisms for technology transfer. UIRCs also pro-
vide a vehicle for interacting with those technical per-
sonnel within industry that may be best able to exploit
university research,

The role of geographic proximity in innovation,
technical advance and technology transfer is an issue
that is attracting a great deal of attention from geogra-
phers and regional scientists, economists and organi-
zational theorists (Arthur 1986, 1987; Feldman and
Florida 1994 Jaffe 1989; Krugman 1991). Our survey
examined to what extent UIRCs are related to local
industrial and technological capabilities (e.g. locally-
based manufacturing establishments and/or R&D labo-
ratories), and to what extent they produce local spin-off
companies. The average number of participant com-
panies with local R&D laboratories was 5.70, and the
median was one, while the average number of com-
panies with local manufacturing facilities was 5.33, and
the median again was one. These figures compare to an
average number of participant companies per UIRC of
17.6 and a median of six. Furthermore, of the 103
UIRCs that have created spinoff companies, 84 have
done so in the local metropolitan area.

9. Implications for
University Research

We now consider the effects of industry ties on UIRC
research and the university's research mission more
broadly. Building on the classic work of Merton (1973),
Dasgupta and David (1987, 1992) caution that as uni-
versity research becomes more closely tied to industry”s
drive to commercialize technology, industry’s profit
motive may displace the incentive of priority that

has traditionally motivated university researchers. In
the process, the norms of public disclosure that govern
university research and the pursuit of basic scientific
research may be undermined. In their view, such a
process may generate significant social costs by con-
suming the “seed corn™ that spawns technological
advance in the long run. Thus, deepening ties between
university and industry may not only compromise

some of the fundamental tenets of academic research

in the short run, but they may impose longer run social
welfare costs in the form of a diminished rate of tech-
nical advance.

Although Dasgupta and David (1987, 1992) appro-
priately focus attention on the social costs of industry
ties with university research, others suggest that the
complex and interactive character of the innovation
process (Rosenberg 1982; Rosenberg and Nelson 1994)
may mitigate such costs in the long run. Research on
the history of the interaction between science and tech-
nology (Rosenberg 1982) and universities and industry
(Rosenberg and Nelson 1994) suggests that efforts to
advance commercial technology often stimulate basic
research as bottlenecks and opportunities for basic sci-
ence are inevitably encountered. Thus, it follows that an
immediate shift in resources away from basic research
need not undermine basic science in the long run.

While the UIRC data cannot directly address either
Dasgupta and David’s or Rosenberg and Nelson’s con-
jectures about the long run effects of deepening ties
between university research and industry, the survey
data do allow us to consider the short run implications
of UIRC relationships for the public disclosure of re-
search, the free flow of ideas in the academy, industry’s
ability to influence and shape the agenda of university
research, and the immediate influence on technical ad-
vance of growing commercialization of UIRC research.
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An important issue is the ability of participant firms
to influence the research agenda of UIRCs. Table 25
reports findings about industry influence over the
research agenda. On a four-point Likert scale where
response categories ranged from “no influence” to
“strong influence,” the responses indicate there is sig-
nificant company influence on the research agenda of
UIRCs. Nearly two-thirds (64.5 percent) of respondents
indicated that participating companies had moderate or
strong influence over the research agenda of the UIRC.
However, industry had little or no influence over the
fiscal management or operating procedures of UIRCs.

TABLE

Industry Influence on UTRCs
EPercentof UIRCS _b:,' ll'_legrw of Influence)

N Little Moderate

Influence  Influence  Influence  Influence
Industry
Infuence on:
Research Agenda 13.3% 22 2%, 36.3% 28.2%
(N=496) (66) (110 {1500 (1400
Fiscal 7095 6% 6.3% 22%
Management (351} (102) (31 {11}
(N=495)
Operating 63.9% 22.4% 905 1.8%
Procedures (326) {I1n (45 (%
(N=495)

Searce: Cohen, Flarida and Goe, LVRC Survey, Camegie Mellon University, 1991,

Traditionally, university research has been regarded
as a public good, and universities have strongly sub-
scribed to the norm of the free flow of ideas. UIRC
activity appears to have compromised these traditional
features of university research. Table 26 shows that par-
ticipating firms were allowed to restrict communication
and information flow both inside and outside of UIRCs.
Not surprisingly, participating companies restricted the
flow of information to other companies. Perhaps more
significantly, the UIRC directors responding to our sur-
vey indicated that the faculty and staff associated with
the UIRC are sometimes restricted in sharing informa-
tion about the UIRC projects on which they work.
Here, 13.4 percent of UIRC respondents indicated that
sharing of information related to particular projects is at
times restricted among faculty within the UTRC itself.
In addition, 21.3 percent reported that information shar-
ing s at times restricted between UIRC faculty and

Strong

other faculty within the same university. Twenty-nine
percent of respondents reported that communication is
restricted between UIRC faculty and faculty at other
universities. Furthermore, 41.5 percent of UIRCs re-
ported that information sharing between UIRC faculty
and the general public is at times restricted.

TABLE 26

Indusiry Effect on Communication
and Information Flows: 1990

Number Percent

of UIRCs  of UIRCs

Mo restrictions 208 43,4
UIRCs Where Industry Participants Can Place

Restrictions on Communication with or among:

UIRC faculty 64 135.4
Other faculty members 102 21.3
Faculty a1 other universities 137 K6
Participating companies

(not involved in a project) 191 390
Non-participant companies 254 530
General public 194 41.5

N=4a70
Source; Cohen, Florida and Goe, LYRC Sirver, Camegie Mellon University, 1991,

A related issue is the ability of participant firms to
atfect publication either by imposing a delay or requir-
ing information to be deleted from research papers be-
fore submission for publication (see Table 27). Almost
35 percent reported that participating companies can re-
quire information 1o be deleted from research papers
before submission for publication. More than hall
(52.5%) reported that participating companies can delay
the publication of research findings. Almost one-third
of UIRCs (31.1 percent) reported that participating
companies are able to both delay publication and have
information deleted from research papers and reports.
Note that our survey asked UIRC directors to report
whether participating companies can delay publication
or require that information be deleted. Our data do not
indicate the actual frequency with which publication is
delayed or information deleted. Furthermore, our sur-
vey data do not indicate what kind of information (e.g..
proprietary) companies can ask to have deleted.
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TABLE 27

Research Disclosure Restrictions by Importance of
of Mission to Improve Indusiry's
Products or Processes: 1990

Information
Can Be Publication
Deleted from Can Be Both
Publication Delayed  Restrictions
Percent of Entire Sample 348 525 3Ll
(N=488)
Percent of UIRCs by
Mission Importance:
(1) Not Important 0.9 338 194
(N=6T}
{2) Somewhat Imporant 229 46.6 19.8
(3) Important 7 55.3 333
(N=159
{4) Very Impaortant 539 63.2 48.7

(N=117)
Source: Cohen, Florida and Guoe, UIRC Survey, Camegie Mellon University, 1991,

TABLE 2§

Type of Intellectual Property Granted by UIRCs
to Participating Companies by Importance
of Mission to Improve Industry’s
Products or Processes: 199

Type of Intellectual Property

Exclusive

Granted by UIRCs Licenses  Patents Licenses Copvrights
Percent of Entire Sample 458 26.0 26.0 14.5
(N=511)
Percent of UIRCs by
Mission Importance:
(1) Mot Important 36.8 162 11.8 10,3
(N=68)
(2) Somewhat Important 42.1 17.3 15.8 10.5
(N=133)
(3) Important 46.3 26.8 30.5 13.9
(N=164)
(43 Very Important 548 40.5 357 214

(N=126)

Source: Cohen, Florida and Goe, UIRC Survey, Carnegie Mellon University, 1991,

Not surprisingly, the extent of industry’s influence
over publication varies with the degree of importance
the UIRC attaches to the goal of improving industry’s
products or processes. Compared to UIRCs that indi-
cate this goal is unimportant, UIRCs that hold this goal
as very important are more than twice as likely to per-
mit participating firms to have information deleted,
and more than 50 percent more likely to allow firms
to delay publication.

Table 28 reports the types of intellectual property
UIRCs provide to industrial participants. A little more
than half of the respondents (52.8 percent) indicated
that patents, licenses or copyrights were granted.
Slightly more than one-quarter (26.0 percent) of all
UIRCs assigned patents to industry, 45.8 percent
granted licenses, 26.0 percent granted exclusive
licenses and 14.5 percent granted copyrights. Thus,
many UIRCs appear willing to grant proprietary rights
over intellectual property to participating companies.
Here again, one might suspect that UIRCs that see their
primary mission as improving industry’s products and
processes o be more likely to confer intellectual prop-
erty rights than UTRCs that have a more academic ori-
entation. As Table 28 shows, the survey data confirm
this conjecture. The willingness of UIRCs to grant such
property rights clearly increases with the degree of im-
portance they attach to this commercial mission. The
granting of exclusive licenses shows the sharpest trend,
increasing threefold along this dimension.

Offsetting the costs represented by restrictions on the
public disclosure of research, UIRCs—and universities
more broadly—derive benefits from their relationships
with industry. The most obvious benefit is financial
support. As Table 29 shows, more than 90 percent (91.3
percent) of UIRCs report this as a benefit. More than
two-thirds (68.1 percent) of UIRCs reported that they
received equipment from industry. A large share of
UIRCs reported that the ability to interact with industry
was important in itself, with 69.7 percent of UIRCs
viewing the “opportunity to confer with industry™ as
important. More than half (55.8 percent) indicated
that “information on industry needs™ was obtained and
another 44.8 percent indicated that access to industrial
facilities and data was obtained from interacting with
industry. Thirty-six percent indicated that industry
provided research direction for the center.
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TABLE 29

UIRC Benefits to Universities: 199

Number  Percent
of UIRCs  of UIRCs
R&D Funds 441 91.3
Opportunity 1o Confer with Industry 352 649.7
Equipment 34 68.1
Information on Industry MNeeds 282 558
Operational Funds 245 485
Access 1o Industrial Facilities 225 44.8
Practical Experience for Students 191 378
Research Direction 180 356
Industry Personnel Loaned to Academic Programs 112 2
Orther k]| 6.1
Mone of the above 4 0.8
N=303%

Source: Coben, Florida and Gose, UTRC Survey, Carmegie Mellon University, 1991,

The results of the UIRC survey suggest there is a
tradeoff between UIRCs' commitment to the traditional
academic norm of the free flow of ideas and the
advance of commercial technology. In order to elicit
industry participation in UIRCs, universities have
weakened their norms regarding full public disclosure
of research findings. Industry is able to place restric-
tions on information sharing, including communication
with other university faculty members and with the
general public. Participating companies can also restrict
the publication of research findings. There appears to
be, however, a social benefit acquired at the cost of
these restrictions. Table 19 shows that as UIRCs
embrace industry’s goals, the tangible and intangible
UIRC outputs that stimulate technical advance increase,
at least in the short run. Moreover, the social cost of
these restrictions may not be so significant if the alter-
native to conducting this research within UIRCs 1s
conducting the same research within industry subject
to even greater restrictions.

10. Conclusion

Ouwr study has examined the magnitude, scope and
activities of UIRCs and their role in technical advance,
technology transfer, and science and technology policy.
Generally speaking, the data suggest that the link
between universities and industries is growing more

extensive as UIRCs have expanded considerably over
the past decade. Thus, what were once thought of as
unusual arrangements are now commonplace. The
results of this study inform five major conclusions.

First, the magnitude of UIRC activity is significant.
UIRCs spent an estimated $4.12 billion on research and
related activities in 1990. There are an estimated 1,056
UIRCs at more than 200 American campuses, with
more than half of these established in the 1980s. Gov-
ernment is the major contributor to UIRCs, providing
nearly half of their total funding. Although industry was
not the major source of financial support for UIRCs, its
contribution to UIRCs in 1990 did constitute the pre-
ponderance of industrial support for academic R&D.
Furthermore, a significant number of university faculty,
researchers and students nationwide are exposed to
UIRC activities. We estimate that as many as 12,000
university faculty members and 22,300 doctoral-level
researchers participate in UIRCs.

Second, the primary impetus for UIRCs has come
from the entrepreneurial efforts of universities,
encouraged by government programs that tie university
research support to industry participation. This leads
us to conclude that government funding—both its
level and its character—constitutes an important
policy tool affecting the relationship between
university and industry.

Third, the output of UIRCs is significant. The
UIRCs in our sample generated 211 patents, equivalent
to almost 20 percent of the total of 1,174 patents
granted 1o universities in 1990. UIRC patent produc-
tivity (patents per million of dollars) is at least com-
parable to that of the applied science and engineering
research conducted at universities. UIRC patent produc-
tivity is roughly one-third that of industrial R&D labo-
ratories. UIRC knowledge output appears to affect the
innovation process importantly by contributing to prod-
uct and process improvements and by helping to make
private sector R&D more efficient. UIRCs have helped
to reinforce and create channels through which both the
knowledge emanating from university research can
flow into industry and through which information on
the needs of industry can inform and guide university
science and technology. Furthermore, one of the most
important effects of UIRCs is their educational func-
tion, with a significant number of students affiliated
with UIRC:s hired by participating firms.
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Fourth, there is great diversity among UIRCs. An
important way that UIRCs differ is in terms of the goals
and objectives they pursue, and these differences are
reflected in their output and performance. The greatest
apparent impact on commercial technology comes from
UIRCs whose main mission is the improvement of
industry’s products and manufacturing processes. These
commercially-oriented UIRCs generate substantially
more innovations, prototypes and licenses than those
that are concerned with traditional academic pursuits.
This does not imply, however, that the latter type of
centers may not have an equally, if not a more profound
effect on technical advance in the long run. The produc-
tivity and performance of UIRCs also varies by field of
technology and by size, with small UIRCs apparently
outperforming large UIRCs across virtually every
dimension of output and productivity. However, we
caution against drawing any policy implication from
this finding until its underlying causes are more thor-
oughly understood. It is also important to note that our
findings on output and performance reflect responses
from UIRC directors, not from the industrial
participants in UIRCs.

Fifth, the closer integration of industry and univer-
sity research reflected in UIRC formation appears to
pose a tradeoff for society. In simple terms, this tradeoff
is between an industrial orientation that appears to pro-
mote technical advance in the short run and UTRC com-
mitment to the traditional academic norm of free dis-
semination of research findings. Industrial participants
are able to restrict communication flow and information
sharing, and cause publication delays or deletions of
certain findings. More than 40 percent reported that
information sharing between UIRC faculty and the
general public is at times restricted. Almost 35 percent
of UIRCs reported that participating companies can
require information be deleted from research papers
before submission for publication. And, nearly one-half
of UIRCs reported that participating companies can
delay the publication of UIRC findings. Here, we
reiterate that our survey asked UIRC directors to report
whether participating companies can delay publication
or require that information be deleted, not whether
these restrictions were actually imposed.

Thus, largely to obtain industry funding, universities
have weakened their long-held commitment to the free
flow of information and the full public disclosure of
research findings. Yet, the costs associated with the
weakening of these traditional academic norms appears
to be offset, at least to some extent, by the benefits
of more effective mechanisms for advancing commer-
cial technology. Our findings suggest that as UIRCs
embrace industry’s goals, they tend to have a greater
impact on the advance of commercial technology, at
least in the short mun.

On a somewhat broader level, our findings have
implications for the ongoing debate over the appropri-
ate level and nature of federal government involvement
in university research, and the relationships among
government, the universities and industry. Mounting
international economic pressure on American industry
has led to calls for greater research relevance and to
skepticism about the value of university research
conducted in isolation from indusirial concerns and
priorities. There is also a growing movement toward
evaluating university research more in terms of its
economic value—an economic value that is both more
tangible and immediate than heretofore. From what we
have found, a significant number of UIRCs are already
addressing these concerns.
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tions. Sandra Salmonsen provided support in the editing
and production of this report.
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Endnotes

IMansfield estimated the social rate of return to aca-
demic research during the 1975-1985 period to be 28
percent. A figure that in his words “is based upon
crude (but somewhat conservative) calculations and
that is presented only for exploratory and discussion
purposes” (1991: 11). However, Mansfield's results
indicate that the social rate of return to university
research differs significantly by field.

2Research administrators for each of these universities
were initially contacted by telephone and asked to pro-
vide a list of UIRCs that met the operational criteria.
As a result of this phone survey, 386 (88.3 percent) of
the universities responded. Out of the responding uni-
versities, 203 reported having affiliated UIRCs that met
the operational criteria while 183 reported having none.
During this phase of the research, a total of 1,074
UIRCs were identified at 203 American universities
and colleges. Comparisons of the phone survey re-
sponses with the lists of UIRCs obtained from second-
ary sources revealed some discrepancies. Evaluations
of the phone survey responses revealed that a number
of listings did not conform to the operational definition
of a UIRC. Consequently, a mail survey of the univer-
sity research administrators was conducted. University
research administrators were sent the list of UTRCs
obtained from the phone survey of their respective uni-
versities and the list of UIRCs obtained from secondary
sources. They were asked to verify the accuracy of the
phone survey responses and evaluate the list from
secondary sources to see if any of these listings also
met the operational criteria. Universities not respond-
ing to the initial phone survey were also sent lists of
UIRCs from secondary sources and asked to evaluate
them as well as to provide listings of additional UIRCs
not included on the secondary lists. This procedure both
refined the accuracy of the list representing the universe
of UIRCs and yielded responses from 18 additional
universities that did not respond to the phone survey,
increasing the response rate to 92.4 percent.

3 Note, however, the sample of UIRCs is necessarily
confined to UIRCs that were in existence in 1990.

4While these estimates are supposed to reflect full-time
staff only, several responses are extraordinarily high
and the overall distribution of responses is extremely
skewed (the skewness for total employment is 7.1).
Thus, it may be that a number of UIRCs responded to
this question incorrectly.

5The National Science Foundation does not provide
these data for 1990.

6 More than half of UIRCs founded after 1980 ranked
this goal as important. In addition, one-third of UIRCs
(33.0 percent) founded between 1980 and 1984 ranked
this goal as very important, and an additional 28.3 per-
cent ranked it as important. Of the UIRCs established
after 1984, two-thirds ranked it as important, with one-
third (33.3 percent) responding very important and
another third (33.3 percent) responding important.

7 Recall that the survey question regarding discipline
was not exclusive. The survey did not constrain UIRC
directors to choose one discipline or to rank disciplines
by the level of contribution, but simply to designate all
disciplines to which the UIRC contributed.

8The intermediate outcomes were elicited from survey
respondents as categorical variables. For the purpose of
summarizing the mean and mode values for these mea-
sures, we assigned the following values to them. For
zero, we simply use zero. For the category “1to 5
times,” we use 3. For the category “6 to 10 times,” we
use 8. For “11 to 15 times,” we use 13. And for the
category “greater than 15 times,” we use 15.

9 Absent time series data, we cannot estimate the lags
that would permit us to link UIRC efforts to the outputs
they actually generate.

10Since 26 percent of UIRCs grant patents to partici-
pating firms (see Table 28), we do not know what
fraction of the UIRCs™ 211 patents were assigned to
universities and thus cannot express UIRC patent
output as a fraction of university patent output.
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Appendix A

UNIVERSITIES AND COLLEGES REPRESENTED
IN THE SAMPLE OF UNIVERSITY-INDUSTRY
REseEARCH CENTERS

Arizona State University

Auburn University

Bowling Green State University

Brigham Young University

Brown University

California Institute of Technology

Camegie Mellon University

City University of New York Mt Sinai School
of Medicine

Clarkson Univeristy

Clemson University

Cleveland State University

Colorado School of Mines

Colorado State University

Columbia University

Cornell University

Creighton University

Dartmouth College

Delta State University

Desert Research Institute

Drexel University

Duke University

Emory University

Florida Atlantic University

Fresno State University

George Mason University

George Washington University

Georgia Institute of Technology

Harvard University

Harvey Mudd College

Indiana State University

Institute of Textile Technology

Towa State University

Johns Hopkins University

Kansas State University

Lamar University

Linfield College

Long Beach State University

Louisiana State University

Marquette University

Marshall University

Massachusetts Institute of Technology

Memphis State University

Miami University

Michigan State University

Michigan Technological University

Milwaukee School of Engineering

Mississippi State University

Montana College of Mineral Science and Technology

Montana State University

New Jersey Institute of Technology

New Mexico Institute of Mining and Technology

New Mexico State University

New York Institute of Technology

North Carolina State University

Morth Dakota State University

Mortheastern University

Northwestern University

Oakland University

Ohio State University

Oklahoma State University

Old Dominion University

Oregon State University

Pennsylvania State University

Princeton University

Purdue University

Rensselaer Polytechnic Institute

Rochester Institute of Technology

Rutgers University

Santa Clara University

Southeastern Massachusetts Univeristy

Southern Illinois University-Carbondale

Southern Illinois University-Edwardsville

Southwest Texas State University

Stanford University

State University of New York College at Albany

State University of New York College at Binghamton

State University of New York College at Brockport

State University of New York College at Buffalo

State University of New York College of
Environmental Science & Forestry

Stevens Institute of Technology

Tennessee Technological University

Texas A&M University

Tufts University

Tulane University

University of Akron

University of Alabama
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University of Alabama-Huntsville
University of Alaska-Fairbanks
University of Arizona

University of Arkansas

University of California-Berkeley
University of California-Davis
University of California-Irvine
University of California-Los Angeles
University of California-Santa Barbara
University of California-Santa Cruz
University of Central Florida
University of Colorado

University of Connecticut

University of Dayton

University of Delaware

University of Denver

University of Detroit

University of Florida

University of Georgia

University of Houston

University of Idaho

University of Illinois-Chicago
University of Illinois-Urbana-Champaign
University of Towa

University of Kansas

University of Kentucky

University of Lowell

University of Maine

University of Maryland

University of Massachusetts
University of Michigan

University of Minnesota

University of Mississippi

University of Missouri-Columbia
University of Missouri-Kansas City
University of Missouri-Rolla
University of Montana

University of Nebraska Medical Center at Omaha
University of New Hampshire
University of New Mexico

University of North Carolina at Chapel Hill
University of North Dakota

University of North Texas University of Oklahoma
University of Pennsylvania

University of Pittsburgh

University of Puerto Rico

University of South Alabama
University of Sourth Florida

University of Southern California
University of Southern Mississippi
University of Southwestern Louisiana
University of Tennessee

University of Texas-Austin
University of Toledo

University of Tulas

University of Utah

University of Vermont

University of Virginia

University of Washington
University of Wisconsin-Madison
University of Wisconsin-Milwaukee
University of Wyoming

Utah State University

Vanderbilt University

Washington State University
Wayne State University

Webb Institute of Naval Architecture
West Virginia University

Western Ilinois University

Western Washington University
Wichita State University

Worcester Polytechnic Institute
Yale University
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APPENDIX B

Difference in Means Between Responding and
Non-Responding UTRCs

*t statistic

Mean of Mean of on difference
Respondents Non-respondents of Means

Scale Variables

Total Annual Cash Budget 33,886,591 53,207,412 0.70
(412) {68)

MNumber of R&D Projects 35.40 42.50 0.47
(487) (70

Number of Companies providing support 17.60 18.57 0.13
(451) (69)

Scope Variables

% Effort Dedicated 1o R&D 66, 24% 58.06% 2735
{499) (72)

% Effont Dedicated to Education 18.86 2404 2.32%
(499 (70

% Effort Dedicated to Technology Transfer 6.62 10.51 Jdp=*
499 (70

% Effort Dedicated to Technical Assistance 645 494 096
(499) (700

% Effort Dedicated to Entrepreneurship 1.85 2.33 0.67
{499 (700

N in parentheses
*Differences were staistically significant (P < 0.03)
=*Differences were statistically significant (P < 0.01)
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