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ABSTRACT. This paper takes a first look at the effect of
Ž .Industry-University Cooperative Research Centers IUCRCs

on industrial R&D laboratories. IUCRCs are small academic
centers designed to foster technology transfer between univer-
sities and firms. Since IUCRCs depend on industry support we
expect them to further the research of member companies.

Our findings suggest that IUCRCs promote industry-uni-
versity technology transfer. We find strong associations be-
tween laboratory membership in IUCRCs and the importance
of faculty consultants, co-authorship with faculty and hiring of
graduate students to the laboratories. IUCRC membership
contributes small increments, not always statistically signifi-
cant, of 2% in laboratory patenting and research expenditures.
Both estimates are larger for National Science Foundation
IUCRCs, consistent with their quality and their sorting to
larger laboratories.

These results survive a simultaneous equation analysis of
the joint decision to patent and join IUCRCs. Nevertheless
more work is needed to separate the effect of the IUCRCs
from the matching mechanism that assigns IUCRCs to R&D
laboratories.

JEL Classification: O31, O33, O38

1. Introduction

This paper takes a first look at the influence of
Industry-University Cooperative Research Cen-

Ž .ters IUCRCs on patenting and research expen-
ditures by industrial R&D laboratories. IUCRCs
are one of a larger set of policies, most of them
put in place since 1980, that are designed to
foster technology transfer between universities
and firms. Since IUCRCs are small academic
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centers that depend mostly on industry support,
we expect them to advance the research of mem-
ber companies. The evidence in this paper is
consistent with this hypothesis.

A brief overview of recent policy sets the stage
for this paper’s study of IUCRCs. The Bayh-Dole
Act of 1980 gave universities the right to patent
inventions resulting from federally funded re-
search. The result was a large increase in patents,
and in licensing of university patents.1 The Eco-
nomic Recovery Tax Act of 1981 extended the
R&D tax credit to company-financed academic
research, thereby promoting company support for
universities. The Small Business Innovation Re-

Ž .search Act of 1982 SBIR required agency set-
asides to support start-ups, including some headed
by university researchers. The IUCRCs also pro-
liferated after 1980 as a result of federal and state
initiatives.2 The National Science Foundation
Ž .NSF centers, which are leaders among IUCRCs
in terms of quality, also date from this period.3

Like Bayh-Dole, R&D tax credits for company-fi-
nanced research at universities, and SBIR sup-
port of university researchers, the purpose of the
IUCRCs is to strengthen the relationship be-
tween industry and the academy, especially the
colleges of engineering, using prior investments in
public science as leverage.

We now turn to the comparatively brief litera-
ture on IUCRCs. Cohen, Florida, Randazzese,

Ž .and Walsh 1998 discuss changes in university
research brought about by IUCRCs. The rewards
from university research traditionally come from
reputation. Reputation promotes mobility and
mobility in turn generates salary increases and
teaching reductions. Thus the rewards to aca-
demic research depend on the dissemination of
findings and open science. But the rewards to
industrial research derive mostly from corporate
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profits, and these rely on confidentiality. Hence
the coming together of academic and industrial
research moves academic research towards se-
crecy, in conflict with standard academic practice.4

Ž .Cohen and associates 1998 carried out a sur-
vey of IUCRC directors that bears on these is-
sues. They find that research is more applied,
communication of research findings more re-
stricted, information from published papers more
likely to be deleted, and publication itself more
likely to be delayed, as the IUCRCs attach greater
importance to improving industrial products and
processes.

Despite these disadvantages, universities have
eagerly sought to add more IUCRCs because of
the funding that they offer. The 9.4% decline in
real federal funding per researcher from 1979 to
1991 is a factor that explains this change in uni-
versity policy.5

Improved linkages with academia have also
been useful to firms, especially those that have
downsized their R&D establishments. Having
contracted their R&D, sometimes because of the
relaxation of antitrust, firms have become more
interested in joint research with academics
Ž .Mowery, 1995 .

Industry-university joint research has expanded
in spite of any transaction costs, suggesting that
the policies have had an effect.6 An interesting

Ž .study by Blumenthal and associates 1986 sug-
gests that costs of transacting may be important.
They find that company-financed university R&D
in biotechnology yields a higher ratio of patents
to R&D than internal R&D. If costs of transact-
ing are significant then joint research with univer-
sities, and indeed other partners, has to be more
productive than internal research.

We have seen that the literature concentrates
on the impact of IUCRCs on universities. In
contrast this paper studies the influence of the
IUCRCs on member firms using a sample of
R&D laboratories.7 The laboratories are a criti-
cal interface between firms and IUCRCs and thus
a reasonable starting point for the analysis. Al-
though this point of view is limited because it
does not deal with the effect on firms and con-
sumers outside the IUCRCs, it provides a start in
understanding IUCRCs from the perspective of
member firms.8

Our evidence suggests that IUCRCs have in-
creased knowledge spillovers between member
firms and universities. The centers’ dependence
on member firm support seems to generate the
right incentives for the IUCRCs, at least for
member firms. And the willingness of firms to
join IUCRCs suggests that private marginal bene-
fits are at least equal to private marginal costs.

We find that laboratories belonging to IU-
1CRCs are 2 times larger and more science-ori-2

ented than non-members. This is not surprising
given that the fixed costs of joining the IUCRCs
favor large and sophisticated laboratories. We
also find that laboratory preferences for faculty
consulting and joint authorship are more strongly
associated with IUCRC membership than any
other channels of university influence. In regres-
sion-style analysis we examine the influence of
IUCRC membership on patenting and R&D ex-
penditures by the laboratories. Member laborato-
ries issue 0.5 additional patents compared with
non-members, holding constant industry, time,
laboratory specialization, R&D budget, and R&
D in the rest of the firm. This effect is statistically
significant and is stronger for the NSF IUCRCs
than for all IUCRCs. Based on average member
patents of 11.5 the IUCRC effect amounts to a
4% increase. However, once we control for labo-
ratory proficiency ] the number of Ph.D. re-
searchers, the 20-year stock of the firm’s patents
near the laboratory, and science orientation ] the
effect of IUCRC membership declines to 0.3
patents or 2%, and becomes insignificant at the
given sample size.

The influence of IUCRC membership on R&D
is stronger than the effect on patents and survives
the proficiency controls. Holding laboratory size
and proficiency and other variables constant, IU-
CRCs increase R&D by 0.4 million dollars. This
is a 2% increase in average R&D of 22.1 million.
This effect is again greater for NSF IUCRCs.
Membership of all kinds has a stronger effect on
learning about university research than on total
R&D.

These estimates are subject to an important
qualification. Membership in IUCRCs is a func-
tion of size and proficiency of the laboratory, just
as patents are a function of the same variables.
The identification problem is this: can the influ-
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ence of IUCRC membership on laboratory pro-
ductivity be separated from the influence of pro-
ductivity on membership? Our tentative answer is
yes, though more accounting is needed for the
matching of IUCRCs and laboratories. We un-
dertake a simultaneous equation analysis of pat-
ents jointly with the decision to join IUCRCs. We
find that the results for patents change rather
little as a result of this analysis. In the process
new findings are brought to light for IUCRC
membership. Besides laboratory R&D we find
that the stock of federal R&D in universities as
well as tastes for faculty consulting and joint
authorship with faculty increase the probability of
IUCRC membership.

The rest of the paper is arranged as follows.
Section 2 describes the potential effects of IU-
CRCs on firms. Section 3 discusses the survey
data that underlie the empirical work. Section 4
presents the findings, while Section 5 concludes
and discusses extensions of the analysis.

2. Characterization of IUCRCs

Types of IUCRCs

Our data allow us to distinguish two types of
IUCRCs. We know whether laboratories are
members of any IUCRC and whether they are
members of two varieties of NSF IUCRC, the

Ž .NSF Science and Technology Centers S&TCs
and the NSF Engineering Research Centers
Ž .ERCs . The two differ in size, length of grant,
and focus on basic research, all of which are
greater for the ERCs. But our data set does not
allow us to separate the S&TCs from the ERCs,
since firms either belong to both types or to
neither one. Thus NSF IUCRC membership is
treated as a single variable in the analysis below.

The average quality of IUCRCs almost surely
varies by type. Non-NSF centers tend to be lower
ranked, the NSF S&TCs middle-ranked, and the
NSF ERCs ranked highest. The reason is that the
stiffness of the competition to obtain the IU-
CRCs varies in the same order. Many non-NSF
IUCRCs are obtained through state level compe-
titions, whereas the scarce NSF ERC grants are
the hardest to win.9 In terms of our two-fold
division non-NSF centers are likely to be of lower
quality than NSF centers. Of course, one should

keep in mind that this ranking is just a tendency
and that IUCRCs of the first rank cut across all
types of center.

Research agenda for the study of IUCRCs

In this paper we pursue three objectives. We
study the channels of university influence that are
associated with IUCRC membership and which
describe the nature of its effect. In addition we
explore the influence of the centers on laboratory
patenting and R&D. Finally we study the deter-
minants of membership in IUCRCs.

Given that IUCRCs increase the reliance of
universities on industrial funding, one would think
that membership in IUCRCs is associated with
increased importance to firms of university tech-
nology transfer. This reasoning suggests that the
most important channels of the IUCRCs’ effect
are faculty consulting, joint research with industry
and the hiring of graduate students, with general-
ized flows of university ideas of secondary impor-
tance. We expect that IUCRCs confer economic
rent on faculty although we are unable to study
salaries directly. It is important to point out, as

Ž .have Cohen and associates 1998 , that IUCRCs
change the incentives of faculty and divert their
interests away from campus and towards the world
of enterprise.

Assume that IUCRCs have an effect on firms.
At what stage of innovation does this occur? For
IUCRCs engaged in research that directly sup-
ports new products or processes one might think
that the IUCRCs could resolve difficult problems
and stimulate innovation. But the influence of the
IUCRCs could be more indirect. For example
IUCRCs could lead industrial laboratories to
learn more and thus conduct better research in
the future. This is another way that collaboration
with university centers extends the boundaries of
firm R&D.

Why do firms become members of IUCRCs?
This is another area of interest. We noted the
possibility that IUCRCs solve problems and stim-
ulate projects but there are other advantages of
membership such as improved liaison with faculty
and hiring of top graduate students. The empiri-
cal work explores these different motives for join-
ing IUCRCs.



Adams, Chiang and Starkey76

3. Description of the data

Most of our data come from a survey of 600
R&D laboratories owned by 200 publicly traded
firms in the chemicals, machinery, electrical
equipment, and transportation equipment indus-
tries.10 Patents granted, R&D expenditures, and
value of sales are collected for the years 1991 and
1996. All the other data pertain to the 1991]1996
period as a whole and do not vary over time.
Table I describes the distribution of the laborato-
ries and parent firms by industry. This distribu-
tion is almost uniform except for smaller numbers
in transportation equipment, reflecting higher
concentration ratios in this industry.

The survey yielded 208 observations represent-
ing 220 laboratories, for a response rate of 37%
Ž .220r600 . There is no response bias either by
industry or size of laboratory, except for a some-
what lower response among pharmaceutical labo-
ratories.11

The survey contains indicators of membership
for all IUCRCs and NSF IUCRCs.12 Both are
dummy variables that are equal to one if the
laboratory is an IUCRC member and 0 otherwise.
While it would be useful to have data over time
on the identities and numbers of IUCRCs to
which the laboratory belongs, we do not have this
information. This is mostly because of the report-
ing burden that collecting this extra data would
impose, given the other functions of the survey
instrument.

Table II presents descriptive statistics on R&D
inputs and outputs of the R&D laboratories and

Table I
Distribution of firms and R&D laboratories

by industry group of the parent firm

Number
Number of R&D

UIndustry group SIC code of firms laboratories

Chemicals 28 32 59
Machinery 35 37 58
Electrical equipment 36 33 57
Transportation 37 14 34

equipment
All industries ] 116 208

Source: Sur̈ ey of industrial laboratory technologies 1996.
* The 208 observations represent 220 laboratories or research
groups owing to the grouping of laboratories by several firms.

Table II
Means of inputs and outputs of R&D laboratories

classified by IUCRC membership
Ž .standard deviations in parentheses

Industrial R&D
laboratories

Not a
Member of member of

Variable an IUCRC an IUCRC

R&D inputs
Number of scientists 256.6 92.9

Ž . Ž .and engineers 584.3 303.9
Number of Ph.D. 42.5 10.2
Ž . Ž . Ž .or MD scientists 168.6 50.7
and engineers

Laboratory R&D 22.7 8.4
Ž Ž . Ž .budget in millions 55.0 29.0
.of ’87 $

R&D output
Patents granted from 11.5 6.3

Ž . Ž .the survey 17.0 26.4
aHybrid patents 16.2 10.2

Ž . Ž .37.5 41.8
Sales from new products 285.4 30.3

Ž . Ž .originating in the 956.1 73.3
Žlaboratory in

.millions of ’87 $
Number of 122 178

observations

Source: Sur̈ ey of industrial laboratory technologies 1996. The
number of observations is Ns310. The data are treated as
a panel and pooled across years 1991 and 1996. a Hybrid
patents are patents granted from the survey with missing
patents imputed from USPTO patents by firm and labora-
tory locations. Means are significantly different at the one-
percent level for member and non-member laboratories,
except for patents granted and hybrid patents.

reports these statistics by general IUCRC mem-
bership. The results indicate that on average IU-
CRC laboratories are larger and generate more
output than non-member laboratories, and most
of these differences are significant.

Unlike Table I, which treats laboratories as
unique observations, Table II pools the data
across 1991 and 1996. Thus the 310 observations
in Table II account for 155 laboratories in Table
I. Data for IUCRC and non-IUCRC laboratories
are shown on the left and right of the table.
R&D inputs such as numbers of scientists and

Ž .engineers, numbers of Ph.D. or MD scientists,
1and laboratory R&D budget are 2 times larger2

for IUCRC laboratories. R&D outputs include
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patents granted, sometimes with missing values
imputed by US Patent and Trademark Office
Ž .USPTO patents by firm and location, and sales
from new products. Output is also larger in mem-
ber laboratories though in varying degrees.13 The
size differences between IUCRC members and
non-members imply that benefits of membership
increase with size. Moreover, since IUCRCs are
matched with larger laboratories the effects of
IUCRC membership are likely to be confounded
with size of the laboratory, a problem that we
address at length below.

Ž 2 .Table III reports chi-square x statistics from
2=2 contingency tables.14 These tables describe
the coincidence of membership in IUCRCs and
importance to the laboratory of various channels
of university influence.15 Table III is concerned
with the correlation between variables rather than
causality, a standard application of contingency
tables.

We define a channel of university influence as
important if an R&D laboratory assigns it a score

Žof at least three on a five-point Likert scale see
. 2note 15 . The x statistics test the null hypothesis

of independence of each channel from IUCRC
membership.16 If the statistic is different from 0
at the one-percent level then the two variables
are significantly correlated and not independent.
Table III shows that five channels are signifi-

Table III
2x Statistics testing for independence of channels

of university influence from IUCRC membership

2Channel of university influence x Statistic

UEngineering graduates 9.5
UScience graduates 8.7

Personnel movements from university to lab 4.7
UUniversity faculty consulting 14.9
UContract research 8.9

Flows of university research ideas to industry 4.0
UJoint authorship with university scientists 13.5

Licensing of university patents 4.2

Source: Sur̈ ey of industrial laboratory technologies 1996. The
x 2 statistics test for independence of IUCRC membership
from the rated importance of each channel of university
influence, where importance is defined as a score of 3 or
better on a 5 point Likert scale, and membership in IUCRCs.
An * means that the x 2 statistic is significant at greater than
the 1% level, so that the channel and IUCRC membership are
unlikely to be independent.

cantly correlated with membership. These are en-
gineering graduates, science graduates, university
faculty consulting, and contract research, and joint
authorship with university scientists. The x 2 tests
suggest that consulting, joint research, and hiring
of graduate students are the major contributions
of IUCRCs to firms. The two channels of univer-
sity influence that stand out as most related to
IUCRC membership are importance to laborato-
ries of faculty consulting and joint authorship.
From universities’ perspective this suggests that
IUCRCs are a vehicle for providing income and
publications to participating faculty. But notice
that Table III does not suggest that IUCRCs
promote general knowledge flows from universi-
ties to firms or the licensing of university patents.

The survey contains a second indicator of IU-
CRC affiliation. This consists of citations to spe-
cific university research centers, complete with
addresses that consist of city and state.17 Unfor-
tunately the citations are flawed by some omis-
sions. Not all laboratories that belonged to IU-
CRCs bothered to cite specific IUCRCs. Table
IV demonstrates. In 121 cases laboratories said
they were not members of IUCRCs and consis-
tent with this did not cite specific centers. But in
42 out of 74 cases where laboratories said they
were members of IUCRCs no centers were cited.
In five other cases no membership was claimed
but one IUCRC was cited, primarily because re-
spondents defined IUCRCs as research joint ven-

Table IV
Laboratory membership in IUCRCs and number of

cited IUCRCs

Laboratory
is not a Laboratory

Number of cited member of is a member
IUCRCs an IUCRC of an IUCRC

0 121 42
1 5 20
2 0 9
3 0 2
4 0 1
Total number of 126 74

Ulaboratories

Source: Sur̈ ey of industrial laboratory technologies 1996 and
Sur̈ ey of industry-unï ersity cooperatï e research centers 1998.
* Eight of the 208 laboratories did not report membership in
any type of IUCRC.
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Ž .tures. Thus 37 74y42q5 laboratories, or about
20% of the sample, did cite specific IUCRCs. In
the 42 cases where no specific IUCRC is cited we
drop the observations from an analysis that uses
these data. The evidence on specific IUCRCs is
fragmentary, so we relegate it to a brief discus-
sion in the text of Section 4.

We identified 53 citations to specific IUCRCs
by the 37 citing laboratories. We were able to
obtain R&D histories on 40 of these 53 citations.
Thus the match rate of the IUCRC R&D data to

Ž .citations was 75% 40r53 . To achieve this we
carried out a Survey of Industry-University Coop-
erative Research Centers that polled directors of
the IUCRCs cited by the industrial laboratories.
The content of this survey was brief but even so
we did not obtain full compliance from the IU-
CRC directors. We asked when the IUCRC was
founded, how many full time scientists and engi-
neers were employed in 1991 and 1996 and how
large its total and company-financed R&D bud-
get was since 1981 or the date of founding,
whichever was the more recent. Consistent with
the policy discussion nearly all the matched IU-
CRCs are less than 15 years old. Most are small
centers with R&D budgets that are under five
million dollars a year.

4. The influence of IUCRCs on R&D laboratories

At this point we turn to a report of regression-style
analysis of the determinants of laboratory patents,
R&D expenditures and membership in the IU-
CRCs. Tables V to VIII contain the results. Like
Table II the regression tables pool the data from
1991 and 1996 since patents and R&D vary over
time. Thus if 130 of the laboratories have non-
missing data in both years then the number of
pooled observations is 260 and this explains why
the number of observations exceeds the maximum
of 208 laboratories noted in Table I.

Determinants of laboratory patents

Table V explains patents issued to the laborato-
ries as a function of IUCRC membership and
other variables. The estimation method is nega-
tive binomial regression. This is a type of Poisson
regression method that allows for individual dif-

ferences in count data, like the patents in our
sample of laboratories.18

Ž . Ž .Equations 5.1 ] 5.4 contain the results for
patents granted as reported in the survey. The
results for hybrid patents, which impute missing
values using USPTO patents for the firm and

Ž . Ž .laboratory location, are shown in 5.5 ] 5.8 . Since
Ž . Ž .5.5 ] 5.8 include imputed values, we insert a
dummy variable to absorb differences due to im-
putation.19 The specification of the patent equa-
tion is in its most complete form,

Ž . w1 Patents s f time, industry, laboratory special-
Ž . Žization, log R&D budget , log R&D in the

. Ž .rest of the firm , log number of Ph.D.s , log
Žlagged 20 year stock of the firm’s patents

.near the laboratory , fraction of non-engin-
xeering fields important to the laboratory .

All the equations contain time and industry dum-
mies. Two additional dummies measure special-
ization of the laboratory. Routine testing equals
one if the laboratory is primarily engaged in test-
ing, and zero otherwise. Joint housing with manu-
facturing equals one if the laboratory is located in
a manufacturing plant, and thus more likely to be
engaged in development rather than applied re-
search. These controls are suppressed for brevity’s
sake.

The patent equations include logarithms of
laboratory R&D and R&D in the rest of the
firm. Laboratory R&D captures size of the R&D
program. R&D in the rest of the firm, which is
taken from Compustat, measures firm size and
knowledge transfers from other parts of the firm.
As expected laboratory and firm R&D have posi-
tive and significant effects on patents granted.20

Ž . Ž .Equations 5.1 and 5.3 report results for two
Ž .specifications of IUCRC membership. In 5.1 we

enter membership in all IUCRCs. We find posi-
tive and significant effects that imply an increase
of 0.5 patents.21 Since IUCRC laboratories aver-
age 11.5 patents this corresponds to a 4% in-

22 Ž .crease. Equation 5.3 breaks up membership
into NSF IUCRC and Non-NSF IUCRC dum-
mies. NSF membership is more important and
implies an increase in patents of 1.0. This is an
increase of 5% since NSF IUCRC laboratories
receive an average of 19.5 patents.
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Table V
Ž .Determinants of the propensity to patent by R&D laboratories asymptotic normal statistics in parentheses

a a, bPatents granted ‘‘Hybrid’’ patents

Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .Variable or statistic 5.1 5.2 5.3 5.4 5.5 5.6 5.7 5.8

Ž .Patents imputed 1 if yes, 0 if no 0.75 0.68 1.00 0.81
Ž . Ž . Ž . Ž .2.8 2.4 3.4 2.6

Ž .Log laboratory R&D budget 0.65 0.54 0.57 0.51 0.62 0.51 0.57 0.49
Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .12.1 10.0 10.0 8.8 11.9 9.4 10.1 8.4

ŽLog number of Ph.D. or MD S&Es in the 0.10 0.08 0.09 0.08
. Ž . Ž . Ž . Ž .laboratory 4.3 3.4 3.7 2.9

ŽLog 20 year stock of the firm’s patents 0.05 0.03 0.08 0.06
. Ž . Ž . Ž . Ž .close to the laboratory 2.3 1.6 3.6 2.6

Share of laboratory S&E fields in science y1.28 y0.85 y0.72 y0.29
Ž . Ž . Ž . Ž .rather than engineering y3.4 y2.0 y1.8 y0.6

Ž .Log R&D in the rest of the firm 0.05 0.04 0.04 0.03 0.06 0.03 0.05 0.03
Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .3.0 2.1 2.1 1.6 3.3 1.9 2.5 1.4

Membership in all IUCRCs 0.43 0.28 0.29 0.10
Ž . Ž . Ž . Ž . Ž .1 if yes, 0 if no 2.5 1.7 1.5 0.6

Membership in NSF IUCRCs 0.71 0.51 0.63 0.45
Ž . Ž . Ž . Ž . Ž .1 if yes, 0 if no 2.6 1.9 2.1 1.6

Membership in Non-NSF IUCRCs 0.15 0.08 0.06 y0.05
Ž . Ž . Ž . Ž . Ž .1 if yes, 0 if no 0.8 0.4 0.3 y0.2

Number of observations 252 252 235 235 280 280 258 258
Log likelihood y571.7 y557.9 y508.5 y501.1 y676.9 y663.5 y594.1 y585.7

Source: Sur̈ ey of industrial laboratory technologies 1996 and Sur̈ ey of industry-unï ersity cooperatï e research centers 1998. Note: year,
industry, testing, and jointly housed dummies are included in all regressions. a The estimation method is negative binomial regression,
a type of random effect Poisson regression. b ‘‘Hybrid’’ patents are patents granted in the survey where missing values are imputed by
U.S. Patent Office patents for the firm and two-digit zipcode of the laboratory.

In an effort to separate laboratory proficiency
Ž . Ž .from IUCRC membership 5.2 and 5.4 intro-

Ž .duce three laboratory characteristics into 5.1
Ž . Žand 5.3 . The logarithm of numbers of Ph.D. or
.MD researchers measures size and importance

of applied science in the laboratory. The loga-
rithm of the stock of the firm’s patents over the
previous 20 years near the lab captures the labo-
ratory’s long run propensity to patent.23 Finally
the fraction of non-engineering fields in academic
fields that are important to the laboratory could
reflect distance from commercialization and thus
reduce the number of patents. The three vari-
ables improve the fit of the equation. The likeli-

Ž .hood ratio test statistic that compares 5.1 and
Ž . 2 Ž .5.2 is x 3 s27.6 and is significant at the
0.001 level.24 The number of Ph.D.s and the stock
of firm patents near the laboratory are positive
and often significant but the share of non-en-
gineering academic fields is negative and signifi-

cant, suggesting that distance from commercial-
ization does increase with this variable.

The effect of IUCRC membership decreases in
Ž . Ž . Ž . Ž .5.2 and 5.4 compared with 5.1 and 5.3 . The

Ž .implied increase in patents is 0.3 in 5.2 or 2% of
the 11.5 patents granted to member laboratories.
The implied increase due to NSF IUCRC mem-

Ž . Ž .bership is 0.7 in 5.4 . Point estimates 5.2 and
Ž . Ž . Ž .5.4 are 60% of 5.1 and 5.3 and no longer
significant given the sample size.

Ž . Ž .Equations 5.5 ] 5.8 replace patents granted
with hybrid patents. Recall that hybrid patents
replace missing values of patents granted with
USPTO patents for the firm and locality of the
laboratory. The imputation dummy is significant
indicating that the USPTO patents are more in-
clusive than patents granted in the survey. De-
spite the larger sample size, significance levels
drop, suggesting some mismatching of imputed
patents to laboratories. But the pattern of the
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Ž . Ž .results is similar to those found in 5.1 ] 5.4 .
NSF IUCRC membership has a larger effect than
general IUCRC membership. IUCRC effects de-
crease and become insignificant once additional
laboratory characteristics are introduced. These

Ž . Ž .characteristics are significant in 5.6 and 5.8 .
In additional results we approach IUCRC link-

age using R&D stocks of specifically cited IU-
Ž .CRCs see Section 3 . We use an approximation

Ž .that Griliches 1986 developed to study the pre-
mium on basic research. Let the effectï e R&D
of closely affiliated universities YU be

Ž . U Ž .2 Y sYq 1qd ? XsZqd?X

Part of Y U consists of the R&D stock of closely
affiliated universities Y net of IUCRCs and part
consists of the R&D stock of cited IUCRCs, X,
which carries a premium of d . The following
approximation holds, provided that X is a small
fraction of Y:

Ž . Ž U . w Ž . x wŽ3 log Y s log Yq 1qd ?X s log 1qd?
. x Ž .XrZ Z fd ? XrZq log Z

To estimate d we construct Z and XrZ. We
construct Z using federally funded R&D stocks
of universities that are closely affiliated with the

Ž .laboratories, as in Adams 2000 . We obtain X
from stocks of IUCRC R&D from the IUCRC
survey. From X and Z we construct XrZ or

25 Ž .IUCRC R&DrFederal R&D. Log Z is the
logarithm of Federal R&D of closely affiliated
universities. But d is insignificant and there is no
premium, perhaps because of data errors. R&D
in closely affiliated universities is significant in
these results.

Determinants of laboratory R&D

Table VI studies determinants of laboratory R&
D. Total R&D expenditure is the dependent vari-

Ž . Ž .able in 6.1 ] 6.2 . A small portion of this re-
search, expenditures on learning from universi-

Ž . Ž .ties, is the dependent variable in 6.3 ] 6.4 . The
specification of the R&D equation is shown in
Ž .4 below.

Ž . Ž . w4 log laboratory R&D sg time, industry, lab-
Ž .oratory specialization, log recent firm sales ,

Ž . Žlog R&D in the rest of the firm , log number
. Žof Ph.D.s , log lagged 20 year stock of the

.firm’s patents near the laboratory , fraction of

non-engineering fields important to the labo-
xratory .

All the independent variables of Table V except
for laboratory R&D are included in Table VI. In
addition we include the deflated stock of sales of
parent firms over the preceding 12 years, depreci-
ated at 10% per year. This Compustat variable
captures firm size and hence appropriability of
the returns to R&D.

Ž . Ž .We use ordinary least squares OLS in 6.1 ]
Ž . Ž . Ž .6.2 but Tobit analysis in 6.3 ] 6.4 since R&D
expenditures on universities are positive for just
40% of the observations, and Tobit analysis al-
lows for censoring of laboratory expenditures on
universities at zero.26

Ž .Firm sales and numbers of Ph.D. or MD
researchers behave like measures of size and ap-
propriability. Both have positive and significant
effects on laboratory R&D. The stock of firm
patents near the laboratory is significant for R&D
because of persistence in individual propensities
to patent. The share of non-engineering fields is
positively associated with R&D expenditures,
probably because science-intensive laboratories
have a larger efficient size. In contrast rest of
firm R&D substitutes for laboratory R&D, once
sales are held constant.

Consider next the IUCRC membership vari-
ables. IUCRC effects are positive and significant

Ž . Ž .in 6.1 ] 6.2 . Again NSF IUCRC membership
has the larger effect. The point estimates imply
that IUCRCs increase expenditures by 0.4 million
on a base of 22.7 million, an increase of 2%. The
effect of NSF IUCRCs is estimated to be 1.5
million, an increase of 7%. We are quite skeptical
about the size of the NSF effect especially given
the matching of NSF centers to larger and more
productive laboratories. Turning to laboratory ex-

Ž .penditures on universities in 6.3]6.4 , IUCRC
membership strengthens, suggesting that IUCRCs
increase industry support for universities.

One way to interpret these results is that IU-
CRCs provide new projects and stimulate indus-
trial research. And yet IUCRC laboratories are

Ž .larger than average see note 22 , so another way
to interpret the findings is that larger laboratories
are attracted to the IUCRCs. This is not neces-
sarily a bad result since it suggests that IUCRCs
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Table VI
Ž .Determinants of R&D expenditures by R&D laboratories asymptotic normal statistics in parentheses

ŽLog R&D
ŽLog R&D expenditure on

a b. .expenditure universities

Ž . Ž . Ž . Ž .Variable or statistic 6.1 6.2 6.3 6.4

Ž .Log recent sales of the firm 0.32 0.31 0.39 0.32
Ž . Ž . Ž . Ž .7.0 6.6 2.6 2.2

ŽLog number of Ph.D. or MD S&Es in the 0.14 0.12 0.53 0.46
. Ž . Ž . Ž . Ž .laboratory 6.9 5.5 7.1 6.0

ŽLog 20 year stock of the firm’s patents close 0.06 0.05 0.03 y0.02
. Ž . Ž . Ž . Ž .to the laboratory 3.1 2.6 0.5 y0.3

Share of laboratory S&E fields in science 1.02 1.39 4.95 5.27
Ž . Ž . Ž . Ž .rather than engineering 2.9 3.8 4.0 4.1

Ž .Log R&D in the rest of the firm y0.09 y0.10 y0.01 y0.02
Ž . Ž . Ž . Ž .y4.4 y4.8 y0.2 y0.3

Membership in all IUCRCs 0.32 1.75
Ž . Ž . Ž .1 if yes, 0 if no 2.0 3.5

Membership in NSF IUCRCs 0.91 3.66
Ž . Ž . Ž .1 if yes, 0 if no 3.6 5.1

Membership in Non-NSF IUCRCs 0.01 0.54
Ž . Ž . Ž .1 if yes, 0 if no 0.0 1.0

Number of observations 280 258 274 252
Fraction of observations left censored at zero ] ] 0.58 0.60
Root mean squared error 1.18 1.16 3.14 3.01

2Adusted R 0.53 0.52 ] ]

Log likelihood ] ] y370.0 y325.9

Source: Sur̈ ey of industrial laboratory technologies 1996 and Sur̈ ey of industry-unï ersity cooperatï e
research centers 1998. Note: year, industry, testing, and jointly housed dummies are included in all
regressions. a Estimation method is ordinary least squares or OLS regression. b Estimation method is
Tobit Analysis.

and especially the NSF IUCRCs attract excellent
laboratories to work with them.

Simultaneous equation estimates for patents and
IUCRC membership

Tables VII and VIII conclude the empirical work.
In these tables we estimate patent and IUCRC
membership equations jointly in a two-equation
system.27 Since laboratory size and proficiency
determine IUCRC membership as well as patents
we treat membership as a dummy endogenous
variable in a simultaneous equations system. We
break up laboratory patents into increasing brack-
ets ranging from 1 to 10 and estimate equations

Ž .for patents assigned to the brackets PATCAT
using Ordered Probit. This makes it possible to
estimate the correlation between PATCAT and
the Probit indicator for IUCRC using bivariate
normal theory.28 Adams, Chiang and Jensen

Ž .2000 , Section IV, explains this statistical method
in more detail.

The specification of the two equations in Ta-
Ž .bles VII and VIII is shown by 5 below.

Ž . Uw5 Ordered Patents s f time, industry, labora-
Ž . Žtory specialization, log R&D budget , log R

. Ž&D in the rest of the firm , log number of
. ŽPh.D.s , log lagged 20 year stock of the firm’s

.patents near the laboratory , fraction of non-
engineering fields important to the labora-

xtory
wIUCRC Membershipsh time, industry, lab-
Ž .oratory specialization, log R & D budget ,

Žlog federally funded R&D in closely affili-
.ated universities , faculty consulting, joint au-

xthorship with faculty, graduate student hiring .

As usual we include industry and time dummies,
laboratory specialization dummies, and laboratory
R&D budget in both equations. The variables in
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Žthe PATCAT equation with their function in
.parentheses are the logarithm of laboratory R&

Ž .D budget laboratory size and proficiency , num-
Žbers of Ph.D. scientists size and focus on applied

.research , and the 20 year stock of the firm’s
Ž .patents near the laboratory propensity to patent .

Also included are share of non-engineering sci-
Žence fields cited by the laboratory focus on re-

.search, not development , the logarithm of R&D
Žin the rest of the firm firm size and within-firm

.knowledge flows , and the IUCRC membership
dummies.

The IUCRC equation includes the logarithm
Žof laboratory R&D laboratory size and profi-

.ciency and the logarithm of federally funded
ŽR&D in closely affiliated universities academic

.spillovers . IUCRC is also influenced by the im-
portance of university faculty consulting, joint au-
thorship with university scientists and hiring of
graduate students, which we regard as predeter-

mined sentiments for university collaboration. The
IUCRC equation does not include PATCAT be-
cause to do so would violate the condition that
the probabilities in the likelihood function sum to

Ž .1.0 Maddala, 1983 .
Several variables enter PATCAT but not IU-

CRC because they affect patents but not the
incentives to join IUCRCs. These are numbers of
Ph.D. scientists, the stock of the firm’s patents
close to the laboratory, the share of non-en-
gineering science fields, and rest of firm R&D.29

Similarly, federally funded R&D in closely affili-
ated universities and importance of faculty con-
sulting, co-authorship with faculty and hiring
graduate students attract laboratories to IUCRCs
but have weak effects on patents. These assump-
tions identify the equation system.

Table VII reports the findings using patents
granted. Single equation estimates for PATCAT

Ž . Ž .and IUCRC comprise 7.1 and 7.2 . The results

Table VII
Joint estimation of the propensity to patent and to join IUCRCs by R&D laboratories, patents granted

Ž .asymptotic normal statistics in parentheses

a b c cPATCAT IUCRC PATCAT IUCRC

Ž . Ž . Ž . Ž .Variable or statistic 7.1 7.2 7.3 7.4

Ž .Log laboratory R&D budget 0.53 0.18 0.45 0.18
Ž . Ž . Ž . Ž .8.6 2.8 4.8 2.8

ŽLog number of Ph.D. or MD S&Es in the 0.08 0.07
. Ž . Ž .laboratory 3.7 2.8

ŽLog 20 year stock of the firm’s patents close 0.04 0.04
. Ž . Ž .to the laboratory 1.9 2.1

Share of laboratory S&E fields in science y0.81 y0.86
Ž . Ž .rather than engineering y2.3 y2.6

Ž .Log R&D in the rest of the firm 0.04 0.03
Ž . Ž .2.5 2.0

Ž .IUCRC 1 if yes, 0 if no 0.48 1.15
Ž . Ž .3.1 2.5

ŽLog federally funded R&D in closely 0.05 0.04
. Ž . Ž .affiliated universities, net of IUCRCs 2.8 2.2

Importance of university faculty consulting 0.65 0.65
Ž . Ž . Ž .1 if yes, 0 if no 2.7 2.7

Importance of joint authorship with university 0.48 0.52
Ž . Ž . Ž .scientists 1 if yes, 0 if no 2.2 2.6

Importance of hiring graduate students y0.37 y0.38
Ž . Ž . Ž .1 if yes, 0 if no y1.2 y1.3

Log likelihood y417.7 y134.5 y551.3
Cross-equation correlation y0.46

Ž .y1.5

Sources: Sur̈ ey of industrial laboratory technologies 1996 and Sur̈ ey of go¨ernment laboratory R&D 1998. The
number of observations is Ns252. Note: year, industry, testing, and jointly housed dummies are included in all
regressions. a Estimation method is Ordered Probit analysis. b Estimation method is Probit analysis. c Estimation
method is two equation maximum likelihood.
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for PATCAT are similar to Table V except that
the coefficient on R&D budget declines and that
of IUCRC increases. These changes are an arti-
fact of top coding ] of grouping large laborato-
ries’ patents into the top bracket. There is little
that can be done about this given the goal of
estimating the correlation between the two equa-
tions.

Ž .Turning to 7.2 laboratory budget increases
the probability of joining an IUCRC. This is
consistent with the size advantage of joining IU-
CRCs. Also the stock of R&D in closely affili-
ated universities increases the chance of member-
ship, very likely because IUCRCs are more com-
mon in larger universities. Finally the importance
of faculty consulting and of co-authorship with
university faculty are the dominant preferences
that influence membership. Importance of hiring
graduate students is insignificant in the IUCRC
equation. These findings suggest that IUCRCs
are primarily a vehicle for faculty consulting and
research. In this way the regression-style findings
of Table VII select among the descriptive choices
of Table III.

The simultaneous equation results appear in
Ž . Ž .7.3 and 7.4 and are close to the single equation
results except that the coefficient of laboratory
R&D declines in PATCAT while the IUCRC
coefficient increases sharply. Standard errors also
increase. All these changes are the result of esti-
mating the cross-equation correlation coefficient

Ž .which is rsy0.46 tsy1.5 and not estimated
with much precision. The important point is that
the simultaneous equation analysis does not
change the findings, even though top coding of
the patent variable artificially increases the signif-
icance of IUCRC for patents.

Table VIII carries out a simultaneous equation
analysis for hybrid patents whose bracketed form
we label as HPATCAT. As in Table V IUCRC
and most of the other variables enter weakly
compared with the results for patents granted. As
in Table VII taking simultaneity into account
does not change these results very much. In the
single equation HPATCAT results membership in

Ž .IUCRCs has a coefficient of 0.30 ts2.1 , larger
than in Table V because of the top coding of
patents required by our technique. In the simulta-
neous equation results IUCRC has a coefficient
of 0.77 but the t-statistic declines to 1.4 because
standard errors increase. The cross-equation cor-

Ž .relation is rsy0.31 tsy0.9 but again this is
not estimated with much precision.

In summary, the simultaneous equation analy-
sis of patents and IUCRC membership, where the
latter is an endogenous variable, does not pro-
duce major changes in our findings. IUCRC is
more significant in Tables VII and VIII than in
Table V. But this is a by-product of the Ordered
Probit transformation, necessary if we are to use
bivariate normal theory in estimation. The influ-
ence of IUCRC membership on patents remains
small once laboratory size and proficiency are
taken into consideration.

5. Conclusion

This paper has presented evidence on the influ-
ence that Industry University Cooperative Re-
search Centers have on industrial R&D laborato-
ries. Rather than repeat the discussion, we think
it more useful to consider the problem of identify-
ing the influence of the IUCRCs on industrial
laboratories in greater depth, and to consider
other aspects of the IUCRCs.

We have given reasons for thinking that labo-
ratory size and excellence are part of what drives
the appearance of positive IUCRC effects on
patents and research expenditure. The next re-
search problem suggested by this is to further
identify the IUCRC effect. This is mostly a data
issue and could be profitably addressed by having
more and better evidence that would allow us to
control for ‘‘fixed effects’’ of the laboratories,
which are the composite of their unmeasured
characteristics. To break this deadlock, one would
need panel data that includes more laboratories
over a longer period and a lengthy time series of
membership indicators, including the dates when
laboratories join and resign from IUCRCs, along
with size, quality, R&D, and other characteristics
of the IUCRCs. Such data do not yet exist but
they are likely to be helpful in separating the
effect that IUCRCs have on R&D laboratories
from the effect that laboratory characteristics
have on the decision to join IUCRCs. These
improved data allow this by permitting differenc-
ing of the data on member firms, as a result
removing the influence of fixed effects. Even bet-
ter would be a situation where differences in
patenting and research expenditures of member
laboratories are treated as net of corresponding
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Table VIII
aJoint estimation of the propensity to patent and to join IUCRCs by R&D laboratories, ‘‘hybrid’’ patents

Ž .asymptotic normal statistics in parentheses

b c d dHPATCAT IUCRC HPATCAT IUCRC

Ž . Ž . Ž . Ž .Variable or statistic 8.1 8.2 8.3 8.4

Ž .Log laboratory R&D budget 0.43 0.16 0.39 0.15
Ž . Ž . Ž . Ž .7.8 2.7 4.9 2.6

ŽLog number of Ph.D. or MD S&Es in the 0.07 0.06
. Ž . Ž .laboratory 3.2 2.5

ŽLog 20 year stock of the firm’s patents close to the 0.07 0.07
. Ž . Ž .laboratory 3.8 3.9

Share of laboratory S&E fields in science y0.65 y0.68
Ž . Ž .rather than engineering y2.0 y2.1

Ž .Log R&D in the rest of the firm 0.03 0.03
Ž . Ž .1.9 1.6

Ž .IUCRC 1 if yes, 0 if no 0.30 0.77
Ž . Ž .2.1 1.4

ŽLog federally funded R&D in closely 0.05 0.04
. Ž . Ž .affiliated universities, net of IUCRCs 3.2 2.5

Importance of university faculty consulting 0.64 0.64
Ž . Ž . Ž .1 if yes, 0 if no 2.7 2.8

Importance of joint authorship with university 0.47 0.52
Ž . Ž . Ž .scientists 1 if yes, 0 if no 2.3 2.6

Importance of hiring graduate students y0.21 y0.21
Ž . Ž . Ž .1 if yes, 0 if no y0.7 y0.7

Log-likelihood y476.1 y149.4 y625.1
Cross-equation correlation y0.31

Ž .y0.9

Sources: Sur̈ ey of industrial laboratory technologies 1996 and Sur̈ ey of go¨ernment laboratory R&D 1998. The number of
observations is Ns280. Note: year, industry, testing, and jointly housed dummies are included in all regressions. a ‘‘Hybrid’’
patents are patents granted in the survey where missing values are imputed by U.S. Patent Office patents for the firm and
two-digit zipcode of the laboratory. b Estimation method is Ordered Probit analysis. c Estimation method is Probit analysis.
d Estimation method is two equation maximum likelihood.

differences in non-member laboratories for the
same time period. This ‘‘difference in differences’’

Ž .analysis Klette, Moen and Griliches, 2000 would
allow a better accounting for time effects.

There are many other aspects of IUCRCs that
we have barely touched. We noted that IUCRCs
benefit faculty, but the salary effects are un-
known. One would also like to know whether
IUCRCs benefit the rest of the university, in
particular whether the ‘‘input expansion’’ effects
of IUCRCs on universities dominate ‘‘input diver-
sion.’’ Under input expansion more faculty are
added and on-campus faculty time does not de-
crease. Under input diversion the same number
of faculty reduce their on-campus time by spend-

ing it on company-related research. Another deci-
sion concerns whether to finance the IUCRCs
using federal grants versus industry support. More
grants would build up the centers at the possible
expense of interaction with firms. Finally, we have
ignored cost-benefit aspects of IUCRCs. On the
surface IUCRCs seem to generate more benefits
than costs since firms largely support them. Add
to this the possibility of knowledge spillovers and
the cost-benefit outlook seems favorable indeed.
And yet there are costs of obtaining the centers
and under free entry into the competition to win
IUCRCs, the private rate of return on these
centers should equal the normal return, ignoring
knowledge spillovers and producers’ surplus from
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IUCRCs. There is much that one can learn, even
about supposedly simple institutions like the In-
dustry-University Cooperative Research Centers.
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Notes

Ž .1. See Henderson, Jaffe, and Trajtenberg 1998 and Thurs-
Ž .by and Thursby 2000 .

Ž .2. Cohen, Florida, Randazzese and Walsh 1998 estimate
that 60% of the IUCRCs were founded after 1980. They
attribute nearly all the increase to federal and state initiatives
that have subsidized the IUCRCs at a young age.
3. The first NSF Science and Technology Center was

founded in 1978, while the first Engineering Research Center
was founded in 1984. This information is drawn from unpub-

Ž .lished NSF data, including Gray various years .
4. To minimize conflict over open science Brooks and Ran-

Ž .dazzese 1998 suggest the creation of ‘‘buffer institutions’’
that take a middle ground between universities and business
firms. These would employ distinct personnel and remove
temptation, and probably those tempted, from academic de-
partments.

Ž .5. See Brooks and Randazzese 1998 .
6. Consistent with the change in policy, interactions be-

tween universities and firms have increased in recent years.
The share of industry-supported academic research rose from

Ž Ž .2.6% in 1970 to 7.1% in 1997 National Science Board 1998 ,
.Appendix table 5-2 .

7. Throughout this paper the term ‘‘R&D laboratory’’ refers
to any research group within a firm and not necessarily to a
separate, formally dedicated research facility.
8. IUCRCs satisfy the confidentiality requirements of firms.

Ž .According to Link and Bauer 1989 , Chapter 3, R&D man-
agers regard IUCRCs as having better appropriability and
secrecy than research joint ventures.
9. Costs to universities of seeking to obtain IUCRCs are

unknown, even though they are important for the purpose of
cost-benefit analysis.

Ž . Ž .10. See Adams 2000 and Adams, Chiang and Jensen 2000
for further details on the survey of R&D laboratories.

11. Reasons given by the pharmaceuticals for not responding
Ž .were two: a the survey was not exclusively focused on the

Ž .pharmaceutical industry and b too many surveys had already
been submitted to pharmaceutical laboratories.
12. The relevant question in the survey was:

‘‘Do you belong to any of the following types of university
research centers? Indicate by checking yes or no.

Yes No
1. University-Industry Technology Centers
2. NSF Science and Technology Center
3. NSF Engineering Research Center ’’

13. Patents granted are less than proportionate to R&D
budget. This is probably because larger labs have a lower
propensity to patent their inventions, and concentrate on
more valuable inventions.
14. Tables III and IV consist of unique laboratory observa-
tions and are not pooled over time.

Ž .15. The relevant question in the survey excerpted was:

‘‘Below are some firm-university interactions. Circle the num-
ber to indicate the importance of each to your lab.

Firm-University not very
Interaction applicable unimportant important important

1. Engineering 1 2 3 4 5’’
Graduates

Ž .In addition to engineering graduates above the list of univer-
sity channels included science graduates, personnel move-
ments from university to lab, university faculty consulting,
contract research, flows of university research ideas to indus-
try, joint authorship with university scientists, and licensing of
university patents. These are the eight channels discussed in
the text and in Table III.

Ž .16. See Brownlee 1965 Chapter 5 for a discussion of con-
tingency tables and the x 2 tests of independence.
17. The relevant question in the survey was:

‘‘List as many as five of these research centers whose
research was most important for the conduct of your
laboratory’s R&D over the past five years.

Research Center a

City, State, Country ’’
18. Count data are integer-valued with many zeroes and thus
are non-normally distributed. See Hausman, Hall and Griliches
Ž .1984 for a discussion of count data methods applied to panel
data.
19. Recall that hybrid patents are patents granted, supple-
mented by imputed patents for firm and laboratory locations
from the USPTO in cases where patents are missing. For

Ž .details of the data construction see Adams 2000 .
20. The regression coefficient for laboratory R&D measures

Ž Ž ..the elasticity of patents see Adams and associates 2000 and
is significantly less than one. Possible reasons include left-out
importance of inventions, emphasis of larger laboratories on
major innovations, and a lower propensity to patent in top
laboratories for reasons of secrecy. Diminishing returns to
R&D are an implausible explanation for the elasticity being
less than one.
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21. To see this use the formula ed j y1, where d is thej
regression coefficient on the IUCRC membership dummy.
The formula expresses the change in patents due to IUCRCs.

Ž .See Adams and associates 2000 .
22. Members of IUCRCs have R&D budgets of 16.2 million
Ž .$ of ’87 and 11.5 patents granted so that the patent to R&D

ratio is 0.71 per million $. Non-members have R&D budgets
Ž .of 8.4 million $ of ’87 and 6.4 patents. Thus the patent to

R&D ratio is 0.74. Members of NSF IUCRCs have R&D
budgets of 23.7 million $ and 19. 5 patents, yielding a patent to
R&D ratio of 0.82. Non-NSF IUCRC members have R&D
budgets of 8.3 million $ and 4.4 patents and a patent to R&D
ratio of 0.53. Either NSF centers confer real benefits or they
work with elite laboratories that have a high patent to R&D
ratio.
23. The data consist of all patents issued to the parent firm
by the USPTO. Patents are matched to laboratory locations
using the two-digit zipcode for inventors listed on the patents
and the laboratories.

Ž . 2Ž .24. The test uses the result that y2 Log L rL ;x rys0 1
where L is the restricted likelihood, L is the unrestricted0 1
likelihood, and rys is the number of additional variables
included in the unrestricted likelihood.

125. The stock of R&D in the IUCRCs is about of 12

percent of the stock of R&D in closely affiliated universities
so that X is indeed much less than Y in this case.

Ž .26. Greene 2000 , p. 909 stresses a pitfall in the comparison
between OLS and Tobit. OLS coefficients equal their marginal
effects but Tobit coefficients exceed their marginal effects. In
Tobit marginal effects M are related to the coefficients B as

Ž .Ms 1y f ? B where f is the fraction of observations cen-
sored. This is important to remember when comparing 6.1]6.2
Ž . Ž .OLS with 6.3]6.4 Tobit .

Ž .27. Maddala 1983 , Chapter 5 is a useful reference. We
ignore the specification that uses both non-NSF and NSF
IUCRC membership dummies because this would require use
of the trivariate normal distribution, and is less tractable for
estimation.
28. One disadvantage of transforming patents into an Or-
dered Probit indicator is that the right tail of patents is
truncated by classification into the highest bracket. Little can
be done about this given sample size limits for each of the
cells.
29. Consistent with this view all these variables are individu-
ally and jointly insignificant in the IUCRC equation.
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