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Abstract

This paper examines the relationship between university research and development (R&D) activities and the Bayh—Dole Act. This
act made it much easier for universities to obtain patents from research funded by the federal government and may have provided
universities with an incentive to alter their R&D activities. The Act may provide an incentive to reduce basic research (which does
not generate licensing fees) and increase applied research (which does generate patents and licensing fees). In addition, industry
might be more willing to fund university R&D projects since the results would now be easier to patent. This paper differs from
the existing literature which uses patent data (a measure of research output) by using research and development data (a measure of

inventive input) to examine the effect of the Act.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Universities have always conducted applied research
in conjunction with industry or the government. How-
ever, historically federal legislation made it very difficult
for universities to patent the results of research funded
by the federal government. In 1980, this changed. The
Bayh—Dole Patent and Trademark Amendments Act of
1980 allowed universities to receive patents and grant
licenses, even exclusive licenses, on patents resulting
from research funded by the federal government. At the
time of the Act, many people thought that there was a
large pool of un-commercialized discoveries from fed-
erally funded research due to the difficulty of obtaining
patents on such research. The goal of the act was to pro-
vide universities with a financial incentive to tap this
pool. The hope was that faster commercialization would
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mean the benefits of university research would reach the
consumer more quickly.

The Bayh—-Dole Act may have succeeded too well.
One could argue that the Bayh—Dole Act has led uni-
versities to de-emphasize basic research, which does not
generate revenues for the university, and pursue applied
research, which generates revenues from licensing fees
on patents. This could show up in a reduction in basic
R&D activity at universities or a decline in the qual-
ity of university patents. If either of these occurred, the
Act would have had the perverse effect of slowing the
expansion of the scientific frontier which might hurt con-
sumers even if existing discoveries are commercialized
more quickly.

This paper examines the validity of this criticism of
the Bayh—Dole Act using standard time-series models
and both conventional and endogenous structural break
tests. If the Bayh—-Dole Act led universities and col-
leges to alter research behavior then one would expect
a structural break in the time-series model for univer-
sity research and development (R&D) data. Section 2 of
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this paper reviews the relevant literature and points out
that most of the existing research uses patent data rather
than R&D data to determine the effect of the Bayh—Dole
Act. Section 3 examines if there is a change in the com-
position of R&D performed and funded by colleges and
universities. This section also examines industry funding
of R&D activities in colleges and universities. Section 4
estimates time-series models for university level R&D
data and tests for structural breaks in the time-series
models. Section 5 concludes.

2. Literature review and theoretical issues

Henderson et al. (1998) use patent citation data to
examine the effect of the Bayh—Dole Act on university
research. Their data consisted of a random sample of
one percent of all patents to determine the importance
(frequency with which a patent is cited by subsequent
patents) and generality (the range of subsequent patent
types which cite a particular patent) of university patents.
Patents arising from basic research should be both impor-
tant and general while patents arising from applied
research should be both less important and less general.
Henderson et al. (1998) find that both the importance and
generality of university patents have declined compared
to other patents. This is consistent with the view that uni-
versities have shifted their focus from basic research to
applied research. In addition, Coupe (2003) argues that
since the Bayh—Dole Act colleges and universities have
begun to apply for patents with the same frequency as
commercial firms suggesting that universities and col-
leges have become more interested in the revenues from
licensing their patents.

The interpretation that the Bayh—Dole Act has led
to a decline in the quality of university and college
patents is subject to several criticisms. First, Mowery
et al. (2001) note that university and college involve-
ment in applied research is not a recent phenomenon
and that the rise in patenting activity by universities and
colleges predates the passage of the Bayh—-Dole Act.
They show that the University of California and Stan-
ford patent activity accelerated in the 1970s in tandem
with the rise in biomedical and pharmaceutical research.
In addition, these areas of research lie in Pasteur’s Quad-
rant as defined by Stokes (1997) which means that even
basic research has commercial applications. Therefore,
Mowery et al. (2001) interpret the surge in patenting
activity as at least partially driven by technological fac-
tors rather than the Bayh—Dole Act.

Second, the decline in patent quality may not be as
significant as Henderson et al. (1998) believe. Because
subsequent patents are used to determine the quality of

current patents a truncation problem exists with the pro-
cedure of Henderson et al. (1998) as they themselves
acknowledge. If one considers a short time span then
patents may appear to be low quality patents because not
enough time has passed for researchers to cite the patent.
Mowery and Ziedonis (2002) find that the importance
and generality of patents from the University of Cali-
fornia and Stanford did not decline significantly after
the passage of the Bayh—Dole Act once one considers
a longer time span of data. The result is not limited to
just the top universities. Mowery and Ziedonis (2002)
reached a similar conclusion for universities with at least
ten patent citations during the five years prior to the pas-
sage of the Bayh—Dole Act. Sampat et al. (2003) also find
that patent quality does not decline once the truncation
bias and changes in the temporal distribution of patent
citations are accounted for. The results in these papers
suggest the quality of university and college patents has
not declined since the passage of the Bayh—Dole Act.

Third, Jensen and Thursby (2001) survey universities
and find that most licensing occurs at the early stage of
a technology before commercial applications are often
clear. They point out that over 75% of licensed inven-
tions were at the proof of concept stage or only had a lab
scale prototype available. Just 12% of licensed inven-
tions were ready for commercial sale and 8% of the
inventions had demonstrated manufacturing feasibility.
Finally, the respondents to the survey indicated that 71%
of licensed inventions would require further interaction
between the inventor and licensee to develop a commer-
cially viable product. Therefore, the increased licensing
activity which has occurred since 1980 is consistent with
the universities continuing their focus on basic research.

The data in the cited studies have two common char-
acteristics. First, these studies relied upon university
licensing and/or patenting activity as their primary mea-
sure of research at universities and colleges. Mowery
et al. (2001) is a notable exception, but even this paper
focuses on patent data. Second, due the vast number of
patents and patent citations the studies use a relatively
small sample of citations to study the quality of research
or just concentrate on a few universities.

The view that the Bayh—-Dole Act has led universi-
ties to alter R&D activities is really an argument about
the incentive to commit resources to basic research.
Licensing and patenting data are arguably good measures
of research output, but not necessarily good measures
of research inputs. For example, unsuccessful research
may not result in a patentable discovery. Mowery and
Ziedonis (2002) show that the rate at which new discov-
eries receive patents is relatively low. Between 1984 and
1988 the rate was 21.9% for the University of California
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system and 25.1% for Stanford University. Therefore, the
patent data may miss a significant amount of inventive
activity at colleges and universities. Trajtenberg et al.
(1997) discuss the conditions under which patent data
maybe a useful proxy for the “basicness” of inventive
activity. However, the measurement will always be with
error. The National Science Foundation (NSF) surveys
all doctorate granting institutions regarding their R&D
activity. That means research using R&D expenditure
data should provide a useful robustness check to results
based upon patent data.

The existing literature seems to operate with an
implicit theoretical model in which universities are at
least partially self-interested and respond to the incentive
structure setup by the federal government. In this implicit
model, universities pursue their publicly mandated goals
of expanding scientific knowledge and educating stu-
dents while simultaneously maximizing the revenues
from patent licensing. The revenues from these licensing
activities would then allow the university administrators
to pursue their own university specific goals.

Thursby et al. (2001) report survey results of uni-
versity Offices of Technology Transfer (OTT) which
are consistent with this implicit model. Nearly 71%
responded that royalties and licensing fees generated
were extremely important in determining the success
of the OTT. Another 61% indicated that the number
of commercialized inventions was extremely important.
Furthermore, Jensen and Thursby (2001) report that
OTT managers and administrators view revenues as the
most important objective of licensing activity. On the
other hand, faculty gave the greatest weight to spon-
sored research. Friedman and Silberman (2003) show
that administrators who want to encourage licensing
activity and revenues have mechanisms to achieve this
goal. In particular, administrators can increase the num-
ber of licenses and licensing income by increasing the
royalty fees that faculty members receive. Lach and
Schankerman (2003) using a panel of 102 universities
during the 1990s find evidence consistent with this type
of behavior.

Given this model, the Bayh—Dole Act may have influ-
enced R&D activity in several ways. The Act made
it easier for universities to license patents from R&D
projects financed by the federal government to corpo-
rations. That means the government funded research
became a potential source of patent licensing revenue
which may have influenced university behavior. For
example, Columbia altered its patent policies so that
the university retained the patent rights and then shared
royalties with the researcher. Now universities, like
Columbia, had a stronger financial incentive to engage in

research. Furthermore, the composition of R&D projects
may have changed. The lure of generating licensing
revenue from applied research may have induced a redis-
tribution of resources from basic to applied research. The
universities may have then devoted the increased licens-
ing revenue to both basic and applied research. This
raises an interesting possibility: the level of resources
devoted to basic R&D may have increased even as
the share of resources devoted to basic R&D declined.
Finally, industry may be more willing to partially fund
R&D projects at colleges and universities. The colleges
and universities usually retain the patent rights from
projects funded by the federal government, but now firms
can receive exclusive licensing agreements from the uni-
versity on patents resulting from the research. This could
further increase the resources available for research. It
is also possible that industry used its growing relative
importance in funding to shape research agendas.

This paper re-examines the issues raised in the exist-
ing literature using data on R&D activity to measure
research input rather than using patents or licensing
activity as a measure of research output. Therefore, one
of the main contributions of this paper is to shift the
focus of the literature from a noisy measure of research
inputs to a much less noisy measure. In addition, the
composition of R&D activity provides an alternative way
to measure research quality. The approach in this paper
provides a robustness check to the results in the existing
literature.

3. Data

The NSF provides university R&D data in two dif-
ferent forms. First, the university level dataset has
information on university, government, and industry
funding of R&D expenditures. This provides a rich uni-
versity level panel data set to examine the effect of the
Bayh-Dole Act on university R&D activity. Second, the
national level dataset has information on university R&D
activity broken down by character of work: basic, applied
or development. The national level data provides a useful
means of examining how the Bayh—Dole Act influenced
the composition of R&D activity. The national level data
is aggregate data so there is one observation per year for
each type of R&D.

The national level R&D data come from National
Patterns of Research and Development Resources: 2002
Data Update published by the NSF and the university
level data comes from its web based WebCASPAR sys-
tem. The NSF (1998) indicates that the data come from
surveys of all doctorate granting institutions, all his-
torically black colleges and universities, and a random
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sample of remaining universities. As a result, there are
approximately 500 universities in the survey sample. The
gross domestic product (GDP) deflator used to calcu-
late real quantities comes from the Bureau of Economic
Analysis. The national level NSF data for R&D extends
from 1953 to 2002 while the university level data begins
in 1972 and also goes until 2002.

The NSF changed its data collection methodology in
1998 to eliminate a double counting problem. Prior to
1998, the survey instructs the universities and colleges
to “include research funds for which an outside orga-
nization, educational or other is a subrecipient.” This
means that prior to 1998 R&D activity sometimes is
counted twice: once by the recipient of the funds and a
second time if the recipient “passes through” some fund-
ing to a sub-recipient. This practice changed in 1998 so
the data from the pre-1998 period are not strictly com-
parable to the data starting in 1998. The Bayh—Dole
Act passed in 1980 so searching for structural breaks
requires using the pre-1998 data that contains the dou-
ble counting. However, the amount of the “pass through”
is relatively small (less than 5% for years with data) so
the presence of “pass through” is not likely to eliminate
the usefulness of the pre-1998 data. In addition, both
Figs. 1 and 2 show smooth growth trends for univer-
sity research which suggests a relatively constant “pass
through” effect over time. If the “pass through” effect
is relatively constant over time then its presence should
not bias the structural break tests in the following sec-
tions.

The NSF provides data for both R&D performed by
universities and colleges and R&D funded by univer-
sities and colleges. R&D performed by universities is
R&D activity that university researchers conduct regard-
less of whether the government, industry or the university
funded the project. This would include R&D activity by
university researchers whose research is wholly or par-
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Fig. 1. Research and development expenditures funded by universities
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Fig. 2. Research and development expenditures performed by univer-
sities and colleges (natural logarithms of 2000 dollars).

tially funded by either government or industry sources.
R&D funded by universities is R&D activity that the
university supports through its own funds. This would
exclude R&D activity by university researchers who are
receiving funding from either government or industry
sources. If a particular project received funding from
government, industry, and university sources then only
the part of the funding coming directly from the uni-
versity would be included in this measure. Therefore,
one can examine whether the Bayh—Dole Act influenced
the incentive to fund R&D and/or the incentive to per-
form R&D. The previous research focused on patent data
which allows one to test for an effect of the Bayh—Dole
Act on the results of inventive activity, but not the per-
formance or funding of that activity.

3.1. National level data

3.1.1. NSF data on character of work

The NSF breaks the national level R&D expenditures
into three different types: basic, applied, and develop-
ment. According to National Patterns of Research and
Development Resources: 1998, universities and colleges
are asked to classify R&D expenditures using the fol-
lowing criteria:

“Basic Research. Within the Federal, university, and
nonprofit sectors, basic research is defined as research
directed toward increases in knowledge or under-
standing of the fundamental aspects of phenomena
and of observable facts without specific application
toward processes or products in mind.”

“Applied Research. Within the Federal, university,
and nonprofit sectors, applied research is defined as
research directed toward gaining ... knowledge or
understanding necessary for determining the means
by which a recognized and specific need may be met.”
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“Development. The NSF survey definition of devel-
opment is ... the systematic use of the knowledge
or understanding gained from research directed
toward the production of useful materials, devices,
systems or methods, including design and devel-
opment of prototypes and processes. It excludes
quality control, routine product testing, and produc-
tion.”

The NSF’s definition of “basic research” corre-
sponds closely to what the literature refers to as “basic
research” while the literature’s use of the term “applied
research” corresponds to what the NSF defines as
“applied research” plus “development.” Because this
paper uses NSF data, it is easier to adopt the NSF defini-
tions for the remainder of the paper and use three rather
than two categories of R&D expenditures.

The NSF survey that obtains data for R&D by charac-
ter of work is the Survey of Research and Development
Expenditures at Universities and Colleges (NSF, 2005).
That survey asks respondents to classify R&D expen-
ditures into the above categories. If the R&D project is
funded by a federal agency then the university is sup-
posed to use the funding agencies classification of the
project. The NSF does not audit whether universities
use the funding agencies classification or the universities
own. If the R&D project is funded by the university or
industry then the university is supposed to use the above
definitions to classify the research.

The federal government is a major source of funding
for university R&D so research activity at universities
may just reflect the funding priorities of federal agen-
cies. From 1953 to 1997, federal funding averaged 68%
of basic, 53% of applied, and 62% of development R&D
performed at universities. Therefore, federal research
priorities should have a significant influence on univer-
sity research.

Fig. 1 shows the time series for the natural logarithm
of all three types of R&D expenditures funded by univer-
sities and colleges. Fig. 2 shows the natural logarithm of
all three types of R&D expenditures performed by uni-
versities and colleges. If the Bayh—-Dole Act of 1980
caused a switch away from basic R&D activities then
one would expect the trend rate for basic R&D to decline
after 1981 and the trend rates for applied and develop-
ment R&D to increase. This clearly did not happen. To
the extent that a decline in the trend rate of basic R&D
exists, it occurred sometime in the late 1960s or early
1970s. However, applied and development R&D experi-
ence a similar decline so the decline does not appear to
be a phenomena unique to basic research in universities
and colleges.

The rest of this section more formally tests for a break
in trend rates of growth among all three types of research
after the passage of the Bayh—Dole Act of 1980. How-
ever, Figs. 1 and 2 tell the basic story: no significant break
in trend growth rates occurs after the Act passes. These
results suggest the Bayh—Dole Act is not associated with
a major change in research activities at universities and
colleges.

3.1.2. Endogenous break point tests

A simple way to check for structural breaks is to esti-
mate a time-series model for each type of research and
conduct a Chow test for a structural break in 1981. A
break at that date would be consistent with the view
that the Bayh—Dole Act changed the behavior of uni-
versities and colleges. However, this approach faces
an important difficulty. If a structural break occurred
at an earlier date (like in the late-1960s or early-
1970s) then the test may indicate a break in 1981 even
though the break is not associated with the Bayh—Dole
Act.

Therefore, this section uses the endogenous struc-
tural break test as described in Andrews (1993) to
test for structural breaks in univariate autoregressive
models for each type of research. The test consists of
conducting a Chow breakpoint test over a range of
dates and calculating the F-statistic from each Chow
breakpoint test. The most likely date for a break-
point is the date which produces the highest F-statistic.
The distribution of this F-statistic is non-standard and
Andrews (1993) provides critical values. The sample
was “trimmed” so that Chow breakpoint tests are con-
ducted over the inner 70% of the sample period (1963—
1991).

The test equations are univariate autoregressive mod-
els. Figs. 1 and 2 suggest that each measure of
research posses a distinct upward trend. This raises
the issue of whether the data are trend stationary or
difference stationary. Only the results for the trend-
stationary data specifications are reported in the paper.
The results for the difference-stationary specifications
produce very similar results and are available upon
request.

Under the assumption that the data are trend station-
ary, the appropriate univariate model is one in levels of
the form:

[
Yo =+ ATrend, + > Bjvi—j + & (1
j=1
where Trend; is a linear time trend beginning in 1957
and the lag length, /, is chosen by Akaike and Schwarz
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Table 1
Endogenous breakpoint test results assuming trend-stationary data (period: 1957-1997)
Funded Performed
Basic Applied Development Basic Applied Development
Lags in Model 2 3 2 4 2 4
Max F 5287 3.479" 5.183 3.029™ 4.128" 2.035
Date of max F 1968 1971 1965 1964 1976 1966

Note: *Indicates significant at the 99% level. *“Indicates significant at the 95% level. “Indicates significant at the 90% level. A break occurs at the
date indicated only if the max F-statistic is statistically significant. Lag length determined by Akaike and Schwarz information criteria. There are

41 observations for the full sample.

information criteria. The model is estimated over the
1957-1997 time period using ordinary least squares for
each type of research funded by and performed by uni-
versities and colleges.

Table 1 shows the results of the endogenous break
point tests for R&D funded and performed by univer-
sities and colleges under the assumption that the data
are trend stationary. Andrews (1993) indicates that the
endogenous break point test is not strictly valid with
trending regressors. However, the results of endoge-
nous break point tests are similar regardless of whether
one assumes that the data are difference or trend sta-
tionary. The first three columns of Table 1 show the
results for R&D funded by universities and colleges.
The results suggest that all three series experience a
structural break with the most likely date for the break
with basic R&D is 1968, for applied R&D is 1971,
and for development R&D is 1965. The next three
columns of Table 2 show the results for R&D per-
formedby universities and colleges assuming the data are
trend stationary. The results suggest a structural break
for basic R&D in 1964, a structural break for applied
R&D in 1976, but no structural break for development
R&D.

Overall none of the results support the view that a
structural break occurs for any type of research during the
period after the passage of the Bayh—Dole Act of 1980.
It is very difficult to reconcile this result with the claim
that the Bayh—-Dole Act led universities and colleges
to de-emphasize basic R&D in favor of development
R&D.

3.1.3. Further tests

The next test is to estimate a model for all three types
of R&D funded and performed by universities and col-
leges which allow for a break in 1981. The results further
establish that the behavior of universities is not consis-
tent with the view that the Bayh—Dole Act encouraged
universities to de-emphasize basic research. Under the
assumption that the data are trend stationary, the appro-

priate model is

v = o + A1 Trend1; + A, Trend2; 4+ AzTrendBayhDole;

I
+> Bivij+er )

i=1

Trend1; is a linear time trend beginning in 1957, Trend2;
is a linear trend for the endogenous break (if any) deter-
mined in the previous section, TrendBayhDole; is a
linear trend beginning in 1981 after the passage of the
Bayh—Dole Act, and the lag length, /, is the same as with
the endogenous breakpoint test.

Table 2 shows the results of estimating Eq. (2) with
ordinary least squares. The key parameter, A3, is statis-
tically significant in four of the six models. For R&D
funded by universities and colleges, the results suggest
that the trend growth rate increased by 0.80% per year for
basic R&D after the passage of the Bayh—Dole Act while
the trend growth rate for development R&D declined by a
statistically insignificant 0.62% per year. The results are
similar when one looks at R&D performed in universities
and colleges. The trend growth rate for basic R&D per-
formed by universities and colleges increased by 0.46%
per year and the growth rate for development R&D per-
formed by universities and colleges decreases by 0.66%
per year. These results are rather large, especially the
cumulative effect over several years, however the sign
of the estimated parameters are the opposite of what one
would expect if the Bayh—-Dole Act led universities to
shift resources from basic R&D towards development
R&D.

3.1.4. Industry funded R&D

The aggregate university R&D data are not consis-
tent with the claim that universities have de-emphasized
basic research in favor of development research. Rather
the results are consistent with the findings that the qual-
ity of patent data did not decline after the Bayh—-Dole
Act. Nonetheless, the Act might have resulted in greater
industry influence over university and college research



Table 2

Effect of Bayh—Dole Act assuming trend-stationary data

Performed

Funded

Development

Applied

Basic

Applied Development

Basic

164.619 (42.399) [0.001]

121.849 (21.345) [0.000] 243.257 (65.809) [0.001]

48.018 (22.445) [0.040]  79.040 (23.788) [0.002]

0.931 (0.329) [0.008]

134.159 (285.393) [0.000]

o

2.506 (0.705) [0.001] 3.406 (0.748) [0.000] 2.448 (0.696) [0.002] 2.728 (0.726) [0.001]
—2.974 (0.689) [0.000]  —0.958 (0.620) [0.131]

4.965 (1.277) [0.000]
—3.574 (2.002) [0.001]

Al

A2

—0.657 (0.354) [0.072]

0.248 (0.568) [0.665]
1.295 (0.143) [0.000]

—0.663 (0.134) [0.000]

—0.496 (0.219) [0.030]  —0.619 (0.519) [0.241] 0.456 (0.153) [0.005]
1.774 (0.162) [0.000]
—1.483 (0.317) [0.000]

0.804 (0.317) [0.016]
1.363 (0.122) [0.000]

—0.655 (0.106) [0.000]

A3

1.689 (0.149) [0.000]
—1.564 (0.268) [0.000]

1.219 (0.136) [0.000]
—0.501 (0.138) [0.000]

1.746 (0.155) [0.000]
—1.283 (0.254) [0.000]

B

B2

1.035 (0.264) [0.000]
—0.502 (0.147) [0.002]

0.813 (0.302) [0.011]

—0.270 (0.128) [0.043]

0.435 (0.144) [0.005]

B3

Ba

0.996

0.995

0.997

0.999

0.992

0.991

0.999

0.999

R2
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0.997

0.999

0.999 0.999

Adjusted-R2

6.192
87.610
641.010

3.580
66.694
780.659

1.481
64.742

887.653

9.364
97.005
446.633

3.257
85.055

608.023

3.484
96.250
670.690

Standard error of regression
Standard deviation of y,

Mean of y;

Dependent variable: natural logarithm of R&D expenditures; method: ordinary least squares; period: 1957—-1997 (41 observations). Note: Coefficient estimate appears first with standard errors in

parentheses and p-values in brackets.
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Fig. 3. Industry funded research and development as a share of uni-
versity and college research (percentage points).

if the Act led industry to fund a greater percentage of
university and college research. If this influence led uni-
versities to alter the types of basic R&D projects then
this could result in a decline in research quality of basic
R&D projects.

Fig. 3 shows that industry funding as a percentage
of R&D performed by universities and colleges fell
throughout the 1960s, bottomed out in the late-1960s
or early-1970s, and has risen since then. Industry fund-
ing of applied R&D is near the highpoint of the sample,
but industry funding of basic and development R&D are
about one-half the highpoint in the sample. In addition,
industry started funding a growing percentage of uni-
versity and college research starting in the late-1960s or
early-1970s. This means that any growing industry influ-
ence predates the Bayh—Dole Act by a decade or more. It
is also interesting to note that industry financing of uni-
versity research is a relatively small percentage of the
total. For most years, industry funding of research is less
than 10% of the total amount of research and for many
years it is significantly less than even that low level.

It is also possible to use endogenous breakpoint tests
to see if there is a break in the time-series behavior of
industry funding of university research at the time of

Table 3
Endogenous breakpoint test results for industry funding of university
and college research (period: 1957-1997)

Basic Applied Development
Lags in model 2 2 2
Max F 5.685™ 4377 1.195
Date of max F 1977 1971 1967

Note: " Indicates significant at the 99% level. **Indicates significant at
the 95% level. “Indicates significant at the 90% level. A break occurs at
the date indicated only if the max F-statistic is statistically significant.
Lag length determined by Akaike and Schwarz information criteria.
There are 41 observations for the full sample.
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Applied

Development

1.321 (0.463) [0.007]
—0.506 (0.239) [0.041]
0.799 (0.239) [0.002]
1.199 (0.152) [0.000]
—0.388 (0.133) [0.006]

4.423 (1.436) [0.004]
—2.049 (0.842) [0.020]
0.654 (0.325) [0.052]
0.935 (0.162) [0.000]
—0.006 (0.189) [0.974]

Table 4

Effect of Bayh—Dole Act on industry financing of university and college research
Basic

a 0.103 (0.200) [0.610]

Vi 0.143 (0.146) [0.335]

V2 0.212 (0.085) [0.018]

Bi 1.771 (0.130) [0.000]

B2 —1.351 (0.260) [0.000]

B3 0.845 (0.253) [0.002]

Ba —0.336 (0.114) [0.006]

R? 0.995

Adjusted-R? 0.994

Standard error of regression 0.143

Standard deviation of y; 1.836

Mean of y, 4.437

—0.381 (0.121) [0.003]

0.972 0.827
0.969 0.802
0.338 0.848
1.924 1.906
6.320 5.454

Dependent variable: natural logarithm of R&D expenditures; method: ordinary least squares; period: 1957-1997 (41 observations). Note: Coefficient
estimate appears first with standard errors in parentheses and p-values in brackets.

the Bayh—Dole Act. Under the assumption that industry
funding as a percentage of university performed research
is stationary, the appropriate time-series model is

l

Yt =a+Z,3jYI—j+8t 3)

j=1

where y is industry funding as a percentage of university
performed research and / is the lag length determined by
Akaike and Schwarz information criteria and / is allowed
to vary across the three types of research. Table 3 shows
the results of the endogenous breakpoint tests for each
type of research. The results indicate that breaks do occur
for basic and applied research, but the breaks for basic
and applied research occur several years prior to the pas-
sage of the Bayh—Dole Act. Once again, any evidence
for a break occurs prior to the passage of the Bayh—Dole
Act.

To further test for a structural break after the pas-
sage of the Bayh—Dole Act, the following model was
estimated for each type of research

1
Y = o+ yiBreak, + y,BayhDole, + Y Bjyi—j + &

j=1
“4)

which is analogous to earlier equations except y is
assumed to be stationary rather than trend stationary. If
the Bayh—Dole Act led to increased industry influence
on university research then one would expect that y» >0
for at least one of the three types of research. Table 4
shows the results of estimating Eq. (4) for each type of
research. The results show that y, >0 and statistically
significant for all three types of research. The estimates
of y; range from a low of 0.212% for basic research to a

high of 0.799% for applied research which are relatively
small percentages of research performed by universities.
Moreover, when one considers the fact that industry’s
share of funding for all three types of research bottomed
in the late-1960s and then rose during the 1970s, the
Bayh-Dole Act seems to have just reinforced an existing
trend of rising industry funding.

4. University level data

The national level data yield interesting results, but it
is possible that these data mask trends occurring at the
individual universities or amongst groups of universi-
ties. The university level data do not distinguish among
types of R&D activities (basic, applied, or development);
therefore, I cannot estimate Eqgs. (1)—(3) at the level of
individual universities for each separate type of R&D.
However, I can estimate models for industry funding of
R&D and examine whether the Bayh—Dole Act or other
institutional changes have caused changes in R&D activ-
ity. I choose to estimate models analogous to Eq. (3) for
industry financed R&D, university financed R&D, and
R&D performed at colleges and universities. This allows
me test the claim that the Bayh—-Dole Act led univer-
sities to perform more R&D, devote more resources to
R&D, or led industry to increase its funding of university
research.!

The university level data set contains information on
283 colleges and universities for the 1976-1997 time

!'1 estimated a model similar to Eq. (4) and found that industry’s
share of R&D financing increased by about 0.7%. This is consistent
with the results from the previous section.



M. Rafferty / Research Policy 37 (2008) 29-40 37

period for nearly 6000 observations.” Only colleges and
universities with R&D data for the pre- and post-1981
time period were included in the data set and some col-
leges and universities did not report data for the full
sample period. As a result, the panel is unbalanced. The
sample does cover a wide range of types of colleges and
universities: 88 Research I; 37 Research II; 45 Doctoral
I; 40 Doctoral II; 23 Masters I; 0 Masters II; 4 Baccalau-
reate I; 0 Baccalaureate II; 30 Medical; and 16 other.

4.1. Bayh—Dole Act

Under the assumption that the data are trend station-
ary, the appropriate univariate model is one in levels of
the form:

vir = o; + A1 Trend; 4+ A, TrendBayhDole,

!
+ Z,Bjyiz—j + &ir Q)

j=1

where y;; is the natural logarithm of R&D performed or
R&D funded by colleges and universities or industry, is
a linear time trend beginning in 1976, TrendBayhDole;
is a linear trend beginning in 1981 after the passage of
the Bayh-Dole Act. The model is estimated over the
1976-1997 time period and the lag length, /, is chosen
by Akaike and Schwarz information criteria. In this spec-
ification, the passage of the Bayh—Dole Act can influence
the trend growth rate of R&D expenditures (if Ay is
statistically significant).

The university fixed effect («;) measure differences
in the level of R&D activity across universities which
are fixed for individual universities, but constant over
time. For example, initial levels of institutional sup-
port for research, initial levels of federal funding etc.
are all included in the university fixed effects. Eq. (5)
is a dynamic panel model and the presence of lagged
dependent variables raises the possibility that the uni-
versity fixed effects (the «s) are correlated with the
contemporaneous error term. Therefore, I estimate the
first-difference version of Eq. (5) which eliminates the
university fixed effects. This version of the model is

Ayi; = A1 ATrend; 4+ A» ATrendBayhDole;

1
+> By + i (6)

j=1

2 The data for the 19531972 period exists, but is not publicly avail-
able. In addition, many universities are missing data for the year 1978.
These universities are dropped from the data set.

where n;; = Agj;. Again the relevant test is whether A; is
statistically significant.

Table 5 shows the results from estimating Eq. (6). The
results do not suggest that the passage of the Bayh—Dole
Actis associated with any statistically significant change
in R&D activity at colleges and universities. None of the
estimates for A, are statistically significant at the even
the 10% level of significance. To the extent that there is a
break in trend, it is towards less industry funding (a 1.6%
deceleration in trend growth) and university funding (a
4.25% deceleration in trend growth) of R&D activity.
This is the exact opposite of what one would expect if
the Bayh-Dole Act increased the incentive to fund and
perform university research.

The results in Table 5 include all categories of uni-
versities from research intensive universities to liberal
arts colleges. Less research intensive universities may
not respond to the Bayh—Dole Act because of the nature
of the research that they do. Therefore, Table 6 shows
estimates of A, disaggregating by Carnegie classifica-
tion. The results again show no statistically significant
change in the trend growth rate of R&D activity after the
passage of the Bayh—Dole Act. This is true regardless of
whether one looks at performance of R&D or funding of
R&D by industry and the university itself.

4.1.1. Robustness checks

It may take time for colleges and universities to
respond to the incentives that the Bayh—Dole Act created.
For example, it takes time to establish administrative
offices to market the results of research. If this is the
case then a break in the trend growth rate may not
occur at the time of the Bayh—-Dole Act even if the
Act eventually leads to a change in behavior. I con-
duct two tests of this claim. First, I estimate Eq. (6) for
two subgroups of universities. The first subgroup con-
sists of the 36 universities with an Office of Technology
Transfer (OTT) established prior to the passage of the
Bayh—Dole Act. Presumably these universities have the
institutional structure in place to take advantage of the
incentives that the Act creates. The second subgroup
consists of the 118 universities which created an OTT
after the Act. The Association of University Technol-
ogy Managers (AUTM) provides information on the date
at which its members establish an OTT. The results in
Table 7 indicate that there is no change in research activ-
ity for those universities which established OTT before
the Bayh—Dole Act. The Bayh—-Dole Act is not associ-
ated with a change in behavior even for those universities
best position to take advantage of the altered incentives.
In addition, if there is a change in behavior it is one
towards reduced industry financing and performance of
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Table 5
Effect of Bayh—Dole Act using university level data

Funded Performed

Industry University
Al 12.358 (2.270) [0.000] 13.695 (2.844) [0.000] 5.284 (0.878) [0.000]
A2 —1.578 (2.410) [0.513] —4.248 (2.956) [0.151] 1.389 (0.844) [0.101]
Bi —0.173 (0.028) [0.000] —0.211 (0.030) [0.000] —0.085 (0.033) [0.011]
B2 —0.104 (0.019) [0.000] —0.092 (0.018) [0.000] —0.062 (0.063) [0.324]
B3 —0.077 (0.019) [0.000] —0.007 (0.017) [0.000] —0.052 (0.028) [0.060]
R? 0.039 0.047 0.013
Adjusted-R? 0.038 0.046 0.012
Standard error of regression 51.504 53.798 24.295
Standard deviation of y; 52.526 55.097 24.442
Mean of y; 7.894 7.578 5.381
Observations 4754 4801 5905

Dependent variable: natural logarithm of R&D expenditures; method: first differences; period: 1977-1997. Note: Coefficient estimates appear first
with standard errors in parentheses and p-values in brackets. Standard errors are corrected for both heteroskedasticity and autocorrelation.

Table 6

Effect of Bayh—Dole Act using university level data by carnegie classification

Carnegie classification Estimates of A

Funded Performed

Industry University
Research —2.809 (2.491) [0.260] —4.138 (3.860) [0.284] 0.451 (0.660) [0.495]
Doctoral —2.949 (5.903) [0.618] —4.066 (4.957) [0.412] 2.928 (2.059) [0.155]
Masters —3.927 (10.135) [0.699] —7.421 (14.301) [0.604] —3.059 (4.693) [0.515]
Medical 1.223 (7.382) [0.869] —7.247 (18.935) [0.702] 2.933 (1.954) [0.134]

Dependent variable: natural logarithm of R&D expenditures; method: first differences; period: 1976-1997. Note: Coefficient estimate for A, appear
first with standard errors in parentheses and p-values in brackets. Standard errors are corrected for both heteroskedasticity and autocorrelation. There
are 2625 observations for Researches I and II universities, 1780 observations for Doctorals I and II universities, 473 observations for Masters I and

II universities, and 625 for Medical universities.

R&D at universities which established an OTT after the
passage of the Act.

As another check, I re-estimate Eq. (6) but use the
establishment of an OTT as the break date. If the estab-
lishment of an OTT is the critical event which altered
university behavior then one would expect a break in

trend growth rate at that time. The results are contained
in Table 8. Itlooks like universities started to perform less
R&D after establishing an OTT which is not what one
would expect if universities were responding to incen-
tives in the Bayh—Dole Act. In addition, industry funds
less R&D at universities after the Act. Again this is not

Table 7
Office of technology transfer and the Bayh—Dole Act

‘When established OTT Estimates of 1,

Funded Performed

Industry University

—0.018 (1.389) [0.990]
1.495 (0.869) [0.086]

Before Bayh—-Dole
After Bayh-Dole

—3.235(6.006) [0.590]
—5.765(2.741)[0.036]

0.269 (4.369) [0.951]
—4.229 (4.951) [0.393]

Dependent variable: natural logarithm of R&D expenditures; method: first differences; period: 1976-1997. Note: Coefficient estimate for A, appear
first with standard errors in parentheses and p-values in brackets. Standard errors are corrected for both heteroskedasticity and autocorrelation. There
are 36 universities (for a total of 751 observations) which established an OTT prior to the passage of the Bayh—Dole Act. There are 118 universities
(for a total of 2463 observations) which established an OTT after the passage of the Bayh—Dole Act.
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Table 8
Office of technology transfer specific trend
Trend Estimates of A
Funded Performed
Industry University
OTT —0.378 (0.095) [0.000] —2.986 (1.926) [0.121] —0.898 (0.393) [0.022]

Dependent variable: natural logarithm of R&D expenditures; method: first differences; period: 1977-1997. Note: Coefficient estimate for A appear
first with standard errors in parentheses and p-values in brackets. Standard errors are corrected for both heteroskedasticity and autocorrelation. There
are 103 Research universities (for 2260 total observations) for which I know the date at which the OTT was established and the establishment date

lies within the sample period.

what one would expect if the Bayh—-Dole Act signifi-
cantly altered university research behavior.

5. Conclusion

This paper examined the influence of the Bayh—Dole
Act on the level of academic research, the composition
of academic research, and the relative importance of
industry funding of academic research. The claim that
the Bayh—Dole Act influenced the research environment
at universities is first and foremost a claim regarding
research inputs not research output at universities and
colleges. A measure of research input (like R&D expen-
ditures) is the most appropriate measure for testing that
claim. In addition, the surveys that the NSF conducts
arguably provide more complete coverage of univer-
sity research than the existing literature’s use of patent
data. This paper shed new light on the issue by using
time-series models to examine R&D inputs. The main
conclusion of the paper is that any changes in university
research which do occur happen before the passage of
the Bayh—-Dole Act and are often the opposite of what
one would expect if the Act had a significant influence
on incentives.

In addition to the Bayh—Dole Act there were a num-
ber of changes in the legal environment involving patents
in the early 1980s. For example, in 1980 the Supreme
Court decision in Diamond vs. Chakrabarty reaffirmed
the patentability of life forms and in 1983 congress
altered the appeals process for patent cases by creat-
ing the Court of Appeals for the Federal Circuit. One
of the goals was to streamline the resolution of patent
disputes which should reduce the uncertainty involving
patent rights. Both of these changes to the legal environ-
ment happened at about the same time as the Bayh—Dole
Act and may cause a structural break which shows up
as statistically significant estimates of A;. This makes it
difficult to interpret any statistically significant results
as being due to the Bayh—-Dole Act alone. However, this
paper finds very little effect of the Bayh—Dole Act using

either the university level or national level data. To the
extent that changes occur they are the opposite of the
ones expected from the institutional changes during this
period. In addition, any change in research activity at uni-
versities seems to occur before any of these institutional
changes.

The results based upon the national level data also
provide valuable information. First, the national level
data provides information on the composition of R&D
expenditures which is an alternative way to measure the
quality of research. Second, the national level data is
available for a longer time span and allows us to test
whether changes in the importance of industry financing
started prior to the passage of the Bayh—Dole Act.

The results using this data suggest a shift towards
greater industry financing starting during the 1970s
which pre-dates the Bayh—Dole Act. There is also a
shift towards more basic R&D starting in the 1970s.
Neither the changes found using the national level or
university level data are consistent with the view that the
Bayh—Dole Act altered university research behavior.

The results in this paper are most consistent with a
change in the university research environment starting in
the 1970s. This agrees with the results of Mowery et al.
(2001), Mowery and Ziedonis (2001), and Sampat et al.
(2003). These papers and the current paper are consistent
with the view that changing technological possibilities
associated with biomedical and pharmaceutical research
during the 1970s led to the change in patenting and R&D
behavior of universities and colleges.

Why no effect? There are two possible reasons. First,
the effect of the Act on incentives might be small since
universities could patent (albeit with more difficulty)
before the Act. Second, peer reviews of federal grants
may have acted as a check on the ability of faculty and
universities to alter the types of R&D projects they were
performing. The Bayh—Dole Act is just one of many
factors influencing university R&D. The chief alternate
influence is federal funding of university research. As
long as the federal government is focused on basic R&D
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and chooses to fund basic R&D projects then universities
will continue to do basic R&D.
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