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Section One: Introduction

Innovative activity in the university sector is generdly studied at the indtitutional
level. This paper refocuses the lens by examining characterigtics thet reate to the
innovative behavior of individua faculty members. Using data from the 1995 Survey of
Doctorate Recipients, we andyze the patent activity of asample of 10,962 doctoral
scientigts and engineers working in ingtitutions of higher education.

Technology transfer is the subject of numerous studies (Agrawa and Henderson
2002, Colyvas et al. 2002, Henderson, Jaffe and Trajtenberg 1998, Jensen and Thursby
1991, Murray 2002, Mowery et al. 2001, OwenSmith and Powell 2001, 2002, Thursby
and Kemp 2001, Thursby and Thursby 2002a, Thursby and Thursby 2002b).> These
gudies provide important ingght into indtitutiond factors that relate to patent activity and
the importance (or unimportance) of the Bayh-Dole Act? to the dramatic increase in
univergity patenting. Thework of Thursby and Kemp, for example, shows that
technology transfer offices play an important role in determining the number of
disclosures that are made on acampus. The work of Owen Smith and Powell (2002)
suggests that academic medica centers can play afacilitating role in technology trandfer.
Mowery and his coauthor’ s work suggests that Bayh-Dole did not cause the dramatic
increase in university patent activity but rather that the “principa effect of Bayh-Dole
was to accelerate and magnify trends that dready were occurring” in academe (Mowery
et al., 2002, p. 2).

Theinditutiond focus of technology transfer studies precludes insghts
concerning persond characterigtics that affect patent activity and the interplay between
these persond and indtitutiona factors. We know remarkably little about who in the
univerdty is patenting and persona characteristics related to patenting. By contrast, we
know consderably more concerning the publishing activity of university scientists and
engineers. We know, for example, that the activity itsdlf is highly skewed; that
publishing and co-authorship patterns vary considerably by fied; and thet life-cycle
effects are generdly present in afully specified mode that controls for individud fixed
effects such as motivation and ability (Levin and Stephan 1991, Stephan 1996, Stephan
and Levin 1992). We adso know that the human capita model comes up abit short in
modeling publishing activity (Stephan 1996). Stephan (p. 1219) attributes this failure to
the “fact that the production of scientific knowledge is far more complex than the human
cagpital mode assumes and that these complexities have a great ded to say about patterns
that evolve over thelife cycle” She arguesthat a further reason human capital models

! The number of patents issued to academic institutions has grown dramatically in recent years. For
example, in 1965, fewer than 100 U.S. patents were granted to 28 U.S. universities or related institutions.
By 1992 almost 1500 patents were granted to over 150 universities or related institutions. This dramatic
increase in patenting activity occurred during atime in which total U.S. patenting increased by less than
50% and patents granted to U.S. inventors remained almost constant (Henderson, Jaffe and Trajtenberg,
1998). Thistrend has continued throughout the 1990s, with more than 3000 patents being issued to
academic institutionsin 1998.

2 The Bayh-Dole Act of 1980 gave universities the right to retain title to and license inventions resulting
from research supported on federal grants.



come up short isthat they place undue emphasis on the declining vaue of economic
returns over the life cycle. It isnot that scientists are not interested in economic rewards.
They are. But, as Stephan and Levin argue (1991), scientists also value priority of
discovery and the intrinsic returns that come from engaging in puzzle-solving behavior.

This paper examines the effects of individua and indtitutiona characteristicson
patent activity of scientists and engineers employed in ingtitutions of higher educeation.
Moreover, the levd of andys's permits us to examine a question of widespread policy
concern: whether the move towards commercidization at universties comes é the
expense of placing knowledge in the public domain through publication. We addressthis
“crowding out” issue by examining the relationship between patenting and publishing.

In section two we discuss factors leading university scientists and engineersto
patent. We relae this to the crowding-out hypothesis that faculty patent instead of
publish and offer an dternative hypothess which suggests the presence of
complementarity between patenting and publishing. In section three of the paper we
discuss persond aswdl asinditutiona characteristics that we hypothesize to be related
to patenting activity of academics. We aso comment on why we expect these
relationships to differ by field. Section four summarizes the data.used for this study and
the methodology employed. Section five presents our results and research findings. Of
most importance for this sudy is the finding that publishing is a potent predictor of patent
activity. We conclude that publishing and patenting a the individud level are
complementary activities and that any crowding that is occurring is of an inward, not an
outward, nature,

Section Two: Incentivesto Patent in Academe:  Crowding out?

Consderable concern has been expressed that the move towards
commercidization in the university community comes a the expense of the production of
basi ¢ knowledge (Stephan and Levin 1996). There are a least two variants of the
crowding-out hypothesis. One variant argues that in the changing university culture
scientists and engineers increasingly choose to dlocate their time to research of amore
applied as opposed to basic nature. Another variant of the crowding-out hypothesisis
that the lure of economic rewards encourages scientists and engineers (and the
universities where they work) to seek |P protection for their research results, eschewing
(or postponing) publication and thus public disclosure® Much of the work of Blumentha
and his collaborators (1996) focuses on the latter issue in the life sciences, examining the
degree to which universty researchers receive support from industry and how this relates
to publication.

Thereis, of course, reason to believe that patenting is positively related to the
activity of publishing. To seewhy, we first take a step back and ask why scientistsin
academe, for whom priority that comes from publication iswidely held to be of primary
importance, patent at dl.

3 Clearly, these two variants are not mutually exclusive.



Scientists and engineersin academe patent for several reasons. Firgt, in many
ingances, it isthe stated policy of the university that disclosureisrequired. But scientists
and engineers patent for other reasons aswell. Economic gainis clearly one,
Considerable evidence exigts concerning the large financid returns that have been
redized by certain academic scientists engaged in technology transfer (Stephan and
Everhardt 1998). In addition to economic protection, patents can aso protect discoveries
from being put in the private domain by others. Owen-Smith and Powell (2001) report
that severd university scientists gave this as a reason for seeking patents in the interviews
that they conducted. Patenting can aso be seen by university scientists as a means of
building their reputation. Owen-Smith and Powell (2001) state that “many inventors
reved that they patent, in part, because they fed it increases their academic visbility and
status by “resffirming” the novelty and usefulness of their work.”* Patents can also be
used to leverage existing research by creating a chit to trade with industry. Thismay be
particularly the case in the physica sciences where inventions tend to be incrementa
improvements on established processes of products. By exchanging patentson
incrementa innovations with industry, scientists can receive propriety technology, such
as access to equipment or other opportunities (OwenSmith and Powell 2001).

Interest in patenting among university scientists and engineers may aso be piqued
through interaction with industry. Mandfidd’ swork (1995) demondtrates that scientists
and engineers often gain ingpiration for their research through interaction with industry.
Interviews by Agarwald and Henderson (2002) suggest that, in addition, interaction with
industry may also steer scientists and engineers towards patenting.®

Complementarity between publishing and patenting can occur for severa reasons.
One argument for complementarity between patenting and publishing relates to the fact
that scientists and engineers can selectively publish research findings while at the same
time monopolizing other eements of their research. Rebecca Eisenberg (1987) argues
that such behavior is more common among academics than might initially be presumed.
Furthermore, she argues that this ability of faculty to have one' s cake and edt it too is not
only manifested in patenting and publishing from the same line of research. Itisaso
manifested when professors refuse to share data or cdll lines. This ability isfacilitated by
the fact that publication is not synonymous with providing the ability to replicate and that
techniques can often be transferred only at considerable cogt, in part because their tacit
nature makes it difficult, if not impossible, to communicate in awritten codified, form.

The ability to have on€e's cake and et it too provides one reason why
complementarity may exist between patenting and publishing. There are & least two
other reasons why complementarity may exist. One relates to the low margind cost of

* In this respect views have changed considerably during the past 90 years. 1n 1917 T. Brailsford
Robertson patented a substance thought to promote growth, and donated the patent rights to the University
of California, where he was head of the biochemistry department. Weiner recounts how this action was
Eercei ved as tarnishing Roberton’ s reputation (1986).

An engineer told Awarwald and Henderson (58): . . .” it isuseful to talk to industry people with real
problems because they often reveal interesting research questions—but sometimes they try to steer you
towards patenting. Sometimes that research results in something patentabl e, sometimes not.”



disclosure when publication is used as the means of communicating the disclosure. ©
OwenSmith and Powell (2002, p. 11) report that “invention disclosures made by
academic inventors to univerdty technology transfer offices often take the form of article
manuscripts.”  Murray (2002, p. 6) dates that, particularly in biomedica innovation “the
sameideais often inscribed in both a patent and paper (scientific publication).

The other reason to expect publication and patenting to be complements, rather
than subdtitutes, relates to what we call “theright suff” argument. It isawell-established
fact that science has extreme inequdity with regard to scientific productivity and the
awarding of priority. Oneindication of thisis the highly skewed nature of publications,
first observed by Alfred Lotka (1926) in a study of nineteenth century physics journals.
The didribution that Lotka found showed that approximately Six percent of publishing
scientigts produced half of al papers. Lotka s“law” has since been found to fit data from
severd different disciplines and varying periods of time (Price 1986).” Moreover, severa
recent case studies of patenting behavior of scientists and engineers show that patenting
activity is highly skewed. Narin and Breitzman (1995) examine the number of patents
per inventor for four companies in the semiconductors business. They find a Lotka like
digribution in al four cases, with alarge number of inventors with their names on only
one patent and areatively smal number of highly productive inventors with their names
on ten or more patents. Erngt, Leptien and Vitt (2000) examine the patent activity of
inventors working in 43 German companies in the chemical, eectricd, and mechanica
engineering industry. They, too, find that a smal group of key inventorsis respongble
for the mgor part of the company’ s technologica performance. Agrawa and Henderson
(2002) find a highly skewed didtribution of patents for the MIT engineersin their study:
44% were never an inventor on a patent during the 15-year period; less than 15% had
been granted more than 5 patents; and less than 6% had been granted more than 10.

To the extent that inequdity in scientific productivity results from differences
among scientists in ability and motivation, one would expect patenting and publishing to
be strongly correlated, since both are indicators thet the scientist has the (unmeasurable)
“right guff” to be highly productive. But scientific productivity is not only characterized
by extreme inequdity & apoint in time; it is also characterized by increasing inequality
over the careers of a cohort of scientists, suggesting that at least some of the processes at
work are state dependent. Weissand Lillard (1982), for example, find that not only the
mean but also the variance of publication counts increased during the firgt ten to 12 years
of the career of agroup of Isragli scientists.

Merton christened this inequdity in science the Matthew Effect, defining it to be
“the accruing of grester increments of recognition for particular scientific contributions to
scientists of congderable repute and the withholding of such recognition from scientists

& Work by Thursby and Thursby (2002) suggests that the cost to the scientist of patenting comes, not at the
time of disclosure, but afterwards, in working with the company that licenses the patent. See also Jensen
and Thursby (2001).

’ Lotka' s law states that if k is the number of scientists who publish one paper, then the number publishing
n papersis k/n®. In many disciplines this works out to some five or six percent of the scientists who publish
at all producing about half of all papersin their discipline.



who have not yet made their mark.” (1968, p. 58). Merton argues that the effect results
from the vast volume of scientific materid published each year, which encourages
scientists to screen their reading materid on the basis of the author’ s reputation. Other
sociologists (Allison and Stewart 1974, and Cole and Cole 1973, for example) have
argued that additiona processes are a work that result in scientists accumulating
advantage, asthey leverage past successinto future success. While we have yet to
understand these processes completely, a strong case can be made that a variety of factors
are a work in heping able and motivated scientists leverage their early successes and

that some form of feedback mechanism isa work. All of which gives reason to suspect
that patents and publishing, both indicators of success, are correlated.

Although the two ectivities are correlated, it does not follow that there is a one-to-
one relationship. A great dedl of research that resultsin publications is unpatentable or is
but one piece of aline of research, producing numerous articles but upon which only one
patent isbased. Moreover, as changing patternsin authorship demonstrate so well,
increasingly scientists work in teams (Adams et d. 2002). But the articleteam is
generdly larger than the patent team. Recent research by Ducor (2000) matches 50
aticle-patent pairs and reports that the average number of authors was 10 while the
average number of inventorswas three. Murray (2002) reports similar resultsin her

study of patent-paper pairsin tissue engineering.

The only paper to examine the relationship between patents and papers a the
individual level for university faculty isby Agrawa and Henderson (2002).2 Intheir
study of engineersat MIT in the departments of Mechanica Engineering and Electrica
Engineering and Computer Science, they relate patent activity, in afixed-effects modd,
to publishing activity. They redrict their sample to faculty members who have either
patented or published or done both during the period 1983-1997. They find absolutely no
evidence that the two activities are subgtitutes, neither do they find evidence that they are
complements. They do, however, demonsirate that “increased patent activity is
correlated with increased rates of citation to the faculty member’ s publicatio -
59). This may be rdated to the fact that industry seeks out well-known scientists to work
on projects and in the process the scientists are steered towards patenting.

Section Three: Characteristics Related to Patent Activity

We expect the patent activity of faculty to be related to indtitutiond aswell as
individud characterigics. Theingtitutiond characteristics most likely to affect patent
activity are the culture of the university and the field of specidization. The work by
Thursby and Kemp (2001) concerning the role that technology transfer offices play in
determining the number of disclosures at a university is consistent with the observation
that dthough academic scientists don’t need to be taught how to publish they do need to
be educated concerning the patent process. A strong technology transfer office can

8 Colyvaset al. report case studies of inventions created at Columbia University and Stanford University.
Five of the eleven casesinvolved publication. |P protection, usually in the form of a patent, was involved
inal of the eleven.



facilitate that process and create an entrepreneuria culture on campus.® We expect this
culture to be proxied by the number of patents that the indtitution has received in the past.

We ad'so expect patent activity to be related to field of specidization. For
example, in certain fields patenting is not the preferred means of intellectud property
protection. In computer sciences, by way of example, it is much more common to
copyright than to patent research in the area of software. In other fields with astrong
emphasis on goplied research, such as engineering, it isfairly common to apply for
patents for intellectua property protection. Murray makes the case (2002) thet in the
field of biomedica research the margina cost of patenting can be quite low and may flow
directly out of aline of research Thisis one reason why the mgority of both issued
patents and revenues resulting from innovation at most universties come from
innovations in the biomedicd field (Powell and Owen-Smith 1998, Henderson, Jaffe and
Trajtenberg 1998.)'° There are do fidds where the innovation that is patented is an input
into the scientis’ s research, asin the case with the invention of equipment designed to
advance aline of research or discovered serendipitoudy during the course of alarger
research project. Thiscan, for example, be the case in the physicd sciences™*

Persona characteristics expected to relate to patent activity include age (or some
variant of age such as the number of years since receipt of the Ph.D.) in anon-linear
form, citizenship status, gender and receipt of federa funding. If patenting and
publishing are, indeed, subgtitutes, we might hypothesize thet older scientists are more
likely to patent than younger scientists, choosing later in their careersto cash in their
reputation for commercid gain.*? But, to the extent that the two activities are
complements we would expect the rate of patenting to decline (or eventudly decline)
with age, following a pattern smilar to that observed in age-publishing profiles.
Citizenship status may be a factor because certain research opportunities (especidly those
related to defense) require citizenship. Weincludeit here for this reason and because of
the widespread interest in issues reated to citizenship in science and engineering (Levin
and Stephan 1999). The large number of sudies examining publishing differentids
between men and women (see Levin and Stephan 1998 for a summary) leads usto
include gender as well. Federd support isincluded to seeif, holding other variables

® Owen-Smith and Powell (2001) report that Jim Helfenstein, afaculty member who has never disclosed an
invention, though his research has many potential commercial applications, stated to them that “ For people
like meit [awareness of patenting] is essentially zero. | probably know |ess about that than | do about
Medieval European social history. Really, that happens to be something I’ m interested in. It just
no information provided here, no advice urged upon us. |f we wanted to do anything about thiswe'd have
to be very highly motivated to go out and seek the information, get the advice. We'd haveto, | think, be
more sophisticated than most of us are —than | certainly am —to know when to do that or what sort of thing
should trigger it.”
10 Thisis not to downplay the tremendous importance of demand factors in leading scientists to seek patent
?rotection in areas of biomedical research.

! Colyvaset al (2002). report a case study of a patent granted for a“proof of concept” for a process
generating light of a particular wavelength. The discovery occurred in the course of afunded basic
research project in the field of astrophysics.
12 Audretsch and Stephan (1999) make such an argument, contrasting scientistsin industry with scientistsin
academe. Dasgupta and David (1987) discuss the difference between being in the “science club” and in the
“technology club” and how this affects incentives.



congtant, individuas who receive federd support for research are more likely to patent
than those who do not.

Section Four: Data Description and Methods

Datafor this sudy come from the biennid Survey of Doctorate
Recipients'3, which in 1995 indluded a question on patent activity and publishing activity
during the past five years* For the purposes of this paper, we use the number of patent
gpplications made in the padt five years as an indicator of patent activity and the number
of articles published in the past five years as a measure of publishing activity. We redtrict
the sample to those working fulltime in academic inditutions which grant afour year
degree or higher and exclude individuas working in areas other than science and
engineering, such as the humanities, the socid sciences (including psychology) and
business. We further subdivide the sample into four fields: computer sciences, life
sciences, physical sciences and engineering.

Both the patent and paper measures are highly skewed, asis shownin Table 1.
The distribution of patents is considerably more skewed, however, than that of
publications. For example, while only about 9% of the sample made a patent agpplication
(and only .5% made more than five gpplications) amost 85 percent published at least one
article and dmost 45% published more than five in the past five years. Among the
sample, engineers are mogt likely to patent, computer scientists the least likely to patent.
Computer scientists are dso the least likely to publish one or more articles and have the
lowest percent reporting 10 or more articles during the previous five years'®

Table 2 explores the degree to which patents and publications are related, by
examining thejoint distribution of those who produce one or more patent gpplications
during the period and publish one or more articles. Approximately 14% neither publish
nor patent; almost 9% do both. The table demonstrates that the two measures of
productivity are strongly related to each other. In al instances, Chi Square tests indicate
that the hypothesis of independence in the distributions can be regjected at the .001 level.

In order to investigate the relationship more thoroughly, we initidly estimate a
zero-inflated negative binomid (ZINB) modd. We choose thismode given the discrete
nature of the data and the high occurrence of zeros. The ZINB modd adds an additiona
mass a the zero vaue of patent gpplications resulting in higher proportion of zeros than
is conggtent with the underlying negative binomid regresson.  The main judtification
for usng zero-inflated countsis to dlow for the potential of misrecording of zero patents.

13 National Science Foundation, Science Resources Statistics. Morgan, Kruytbosch and K annankutty
(2002) use the Survey of Doctorate Recipients to explore characteristics of academics who patent

14 The specific patent question was “Since April 1990, have you been named as an inventor on any
application for aU.S. patent?’ If the answer tothis question was “Yes,” survey participants were asked
“How many applicationsfor U.S. patents have named you as an inventor?”

15 Agrawal and Henderson (2002) find patents to be more highly skewed than publications for the MIT
engineers that they study.



The zeros reported by individuas who did not make patent applications may arise from
two sources.  Zero patents may be recorded for those who either never made patent
gpplications or for those who do but did not do so during the past five years. Ignoring
this potentia error in recording would lead to misspecification.

To specify the zero-inflated modd, let h(y; , g/2X;) denote the negetive binomid
dendty with mean exp(Xib), dispersion parameter a, and g= (b¢ta)¢ Herei=1, 2, ...,
n denotes individuas, X isavector of explanatory variables having direct impact on the

number of patent gpplications, defined here asy = Usapp95, and b isthe parameter vector
associated with X. The zero-inflated negetive binomid dengty for patent applications
can be presented as

=i+ (@-1)hy =0, g%2X;), for yi=0

N ®
PO b ) fory=12...,

wherethe parameter | (0 <| < 1) isused to increase (inflate) the proportion of zeros,
that is, the proportion of individuas with zero number of patent applications during the
last five years. For generdity, we dlow the zero-inflation parameter, | , to depend on
observed vector of covariates, Z, shown in Column 4 of Table 3. The parameter is
gpecified asalogit function of Z:

i = exp(Z9 /(1 + exp(Z9). )
This ensures that the inflation parameter is restricted to be between 0 and 1, asit should
be'®. Gurmu and Trivedi (1994) and Cameron and Trivedi (1998), and references therein
discuss zero-inflated and related models.

In the zero-inflated negative mode, the mean number of patent gpplications,
given explanatory variablesin X; and Z;, is

(1-19) exp(Xib). 3

Using equations 3 and 2, the margind effect (ME) of a specific explanaory variable, say
u, on the mean number of patent applications takes the form

ME, = (1- 1) exp(Xib) by —1'i (1 -1'7) exp(Xib) g, (4)

where by isthe coefficient of u inthe main equation; uisin X. Smilaly, g,isthe
codfficient of u in theinflation part; uisin Z*". If uisadummy varigble, the margind

18 The density in (1) may be thought of as a mixture of two distributions, a distribution whose massis
concentrated at zero number of patents and a negative binomial distribution. That is, the density for the
number of patent applications can be represented asy; = 0 with probability I ; and y; isdistributed as
negative binomial with probability (1—1;).

17 30, the first component in (4) gives the direct effect. Thefirst component will be zero if u is not included
inthey = Uspapp95 equation— asin the case of the variable Instpat in Table 3. The second component in



effects will be computed for discrete changein (3) fromu = Otou = 1. Thedadtcity of
the number of patent applications with respect to factor u is

Eladticity,= ME,” u/(predicted # of patent gpplications), (5)

where predictions are obtained from equation 3. Equations 4 and 5 show that
eladticities are dso composed of two components.

As argued in section three above, the two measures of productivity of scientists—
patenting and publishing — are likely to be strongly corrdlated. Since the latent variable
on scientific productivity is unobserved, the variable ‘ Articled5’ used as aregressor in
patent equation is likely to be endogenous.  As such, Articled5 islikely to be correlated
with unobservable determinants of the patent equation. For now, we assume that the
number of articles published during the padt five years follows a negetive binomia
digtribution.  The mean number articles published, given observed characteridtics, is
specified as

exp(Wid), (6)

where W isavector covariates affecting Articleds, listed in Column 5 of Table 3, and d
isthe associated vector of unknown parameters.  Predictions from 6 are used as
instrument for Article95 in the zero-inflated negative binomia modef®,

Vaiablesare defined in Table 3. The table dso indicates the component of the
model in which the variable isto be used: the main equation for Uspapp95, inflation
(logit) part for Uspapp95 or, in light of “the right stuff” discussion above, insrumenta
variables for the number of articles published, Articled5. Means and standard deviations
by fidd are given in Table 4.

Section Five: Edimation Results and Research Findings

The ZINB reaults, ignoring endogeneity in Article 95, are presented in Table 5. A
positive coefficient in the inflation part of the modd implies a negative impact on the
number of patent gpplications, a negetive coefficient implies a postiveimpact. Results
are given for “d|” scientists and engineers working in academe regardless of field aswell
asthose in the broad fields of the life sciences, computer sciences, physical sciences and

enginesring.

(4) givestheindirect impact of u on Uspapp95. Notethat if g, >0 (g, < 0) the second component is
negative (positive). The second component of equation 4 will be zero if u is not included in the zero-
inflation part of the model (asisthe case of article95in Table 3). If wisincluded in both parts of the
model, the marginal effect will be composed of both componentsin (4)

18 |n future versions of this paper, we will formally test and correct for endogneity in publications using a
generalization of Mullahy’s (1997) non-linear instrumental variable approach. Identification issues will
also be discussed.



Table 5 demongtrates the need to estimate the model in two components as well as
by fidd. Variablesincluded in both the inflation part and the negative binomid often
have opposite effects or lack sgnificance in one equation but have sgnificance in the
other. For example, while there is no indication that the number of patents relates to
gender, in three of the equations (“al,” life sciences, and physical sciences) women are
ggnificantly lesslikely to patent than are men. Likewise, thereis no indication thet in all
but the physical sciences citizenship status affects the number of patent gpplications.
However, in both the “dl” fidd and in engineering, citizens are more likely to patent than
non-citizens. In the physica sciences, we find just the opposite, notably thet citizens are
lesslikely to patent than their nonditizen peers but once they do patent, patent more than
non-citizens. Another casein point istenure. With the exception of computer science,
the influence of tenure, to the extent it matters, is on the probability of patenting, not on
the number of patents. Moreover, the influence is negative—that is tenured faculty are
lesslikely to patent than non-tenured faculty. Likewise, individuals who say their
primary or secondary work activity isin gpplied or basic research, development or design
are (with the exception of computer scientists) more likely to patent than those who do
not but there is no indication that work activity affects the number of patents. We dso
find evidence that computer scientists and engineerstrained at research and doctora
inditutions are more likely to patent than those who do not receive their degrees from
such inditutions. The number of patents awarded is positively related to working in a
medicd inditution for computer scientists, physical scientists and engineers. Receipt of
federa support increases the likeihood of patenting across dl fields, but when the
andydsisdone at thefield leve, it isonly in the physca sciencesthet the effect is
observed. Paticularly of interest is the fact that we find no indication that receipt of
federd fundsin the life sciences—the most heavily federaly funded area—relatesto
either component of the modd.

Life-cycdle effects are found for “dl scientists’ and for life scientigts, with
sgnificant coefficients of the predicted sign on the measures yearsofphd and (in the case
of life scientists) phdsg. Thereis no indication thet life-cycle issues affect whether or not
an goplication is made or affect the number of applicationsin other fieds. Caution must
be taken interpreting these results, of course, snceit iswell known that cross-sectiond
data produce biased estimates on variables related to time, such as years since receipt of
Ph.D. (Levin and Stephan 1991).

The measure for the number of patents that the indtitution has received during the
past five years (Ingpat) is included in the inflation equation but not in the main patent
equation to control for the patenting culture of theindtitution. The varidble conagently
has the expected sign but only in the case of “dl” fields and computer sciences doesiit
approach being sgnificant at the 5% levd.

The variable of most interest to this study, the number of articles published in the
past five years (articl95), isincluded in the negetive binomid; not in the inflation part.
With but one exception, we find it to have a strong and highly significant effect on the
number of patents issued, demondirating that patents and articles are complement, not

10



subgtitute, outputs of productive scientists. The exception, once again, is computer
sciences where article counts is inggnificant.

Given that independent variables often affect both parts of the zero-inflated
negative binomid modelsin opposite ways, and given the large differences that exist
across fidds, margind effects and eadticities, for ease of interpretation, are presented in
Table6. Usng expressonsin equations4 and 5, dl margind effects and dadticities are
evauated at the sample average values of explanatory variables.  Unlike the coefficient
edimates reported in Table 5, margind effects and eadticitiesin Table 6 give the tota
impact of a given explanaory variable on the number of patent applications. Assuch,
when the coefficients from the two parts of the ZINB are margindly insgnificart, it is
possible for the margind effectsto be significant. (See dso notesto Table 6.)

For dl fields combined, the evidence suggests that certain environments are more
conducive to patenting than others. For example, those working in amedicd ingditution
have about .10 more patent gpplications than those who do not work in medica schools.
Likewise, those working in a university research ingtitute make about .07 more patents
than those not working in such an indtitute. Individuas whaose primary or secondary
activity is R&D make dmost .12 more patent gpplications than those whose primary or
secondary activity isnot. Likewise, and again looking at the effects for al fieds
combined, those with federd support submit about .06 more patent gpplications over a
five-year period than those who do not have federa support. In terms of persona
characterigtics, we find that women submit gpproximately .08 fewer patent applications
than men; citizens about .05 more than nort-citizens. Tenured faculty make .07 fewer
patent gpplications than non-tenured faculty and those who were trained at Research |
ingtitutions about .04 more than those who were not trained at Carnegie-rated ingitutions.

Patent eagticity with regard to publishing is.347. Thisindicatesthat, Sarting
from sample values of characterigtics, a1% increasein articles published raises the
number of patent gpplications by more than 1/3 percent. Becausethisisthefirgt
eladticity of patenting with respect to publishing that we know to have been computed,
we cannot compare it with others. But the estimated magnitude suggests that technology
trandfer offices would benefit not only from encouraging disclosure of existing research
but aso by augmenting the research (and publication activity) of faculty.

Table 6 emphasizes the strong variation in patent behavior across fieds that was
dready noted above. First and foremog, in terms of broad differences and in comparison
to the life sciences, we see that engineers make about .28 more patent gpplications,
physical scientists about .05 more and computer scientists about .07 fewer. But, the
differences are ds0 manifest in the dadticities and margina effects. Unlike the other
fidlds, the adticity of patenting with respect to publicationsis not significantly different
from zero in computer science while the other three eadticities are reasonably closeto the
“dI” dadicity, especidly those of engineering and life sciences. Differencesin margind
effects are particularly noticeable in the field of computer science. First, and as noted, we
find absolutdy no indication that publications and patent gpplications are complementsin
the field of computer science. Neither do we find that working in a research inditute or
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medica school, or heavy involvement in R&D activity, are predictive of patenting among
universty computer scientists. On the other hand, computer scientists receiving federd
support gpplied for dmost .09 more patents than their non-supported colleagues and
computer scientists who were citizens made a dightly larger number of gpplications.
Another difference between computer scientists and scientists and engineersin other
fields comesin the impact that doctord indtitutiond ranking has on patent activity. We
find that computer scientists who received their Ph.D. at Research | indtitutions are more
likely to patent than are those who did not attend a Carnegie-rated inditution.

In section three we argue that one reason to expect patents and article counts to be
complements stems from the fact that both are directly affected by unmeasurable
characterigtics, which we have labded “the right stuff.” Specificdly, the article countsin
the patent model may be endogenous.  Consequently, the parameter estimates givenin
Table 5 are tenuous™. We have estimated ZINB regressions using instruments for
Article95; see the discussion around equation 6. As expected, the results from our
preliminary estimates are noisy and not reported here. However, Table 7 reports
preiminary eadticities derived from the ZINB, which uses insruments for Article95.
Ovedl| wefind minimd changein the“dl” dadticity while the 9ze of the life sciences
eadticity hasincreased congderably. The computer science dadticity remains
inggnificant. Somewhat troubling isthe fact thet in these preiminary estimates the
eadicity for the physicd sciences and engineering are now inggnificant. In future
revisons of this paper, we will consider agenerd approach of modeing patent counts
meaking alowance for excess-zeros and endogeneity.

Section Sx: Summary and Concluson

This research uses the Survey of Doctorate Recipients to examine the reationship
between publishing and patenting &t the leve of the individud scientist. We find the
margina effect of another article on patents to be significant for faculty working in the
life sciences, the physica sciences and engineering. Patent eadticities with respect to
publishing are largest for engineers and smdlest for physca scientists. Not surprisingly,
given the rlative unimportance of patent protection among computer scientists,
especidly those working in software, we find the relationship between publishing and
patenting to be inggnificant in thisfidd. We dso find thet considerable variation occurs
across fidldsin terms of variables affecting patenting such as receipt of federal support
for research, gender and citizenship status.

We find little evidence of life-cycle effects but the cross-sectiona nature of our
data detracts from the robustness of thisresult. We do find that tenured faculty in severd
fiddsare lesslikely to patent than non-tenured faculty. This may be a cohort effect that
will disgppear as new faculty (trained in the technology transfer environment) join the

191 unobserved characteristics are correlated with the number of published articles in the patent equation,
then standard estimation methods will be inconsistent.
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professoriate, or it may be related to the inclusion of “non-faculty” in the sample®® Our
datawill permit usto examine the latter possibility; not the former.

Our results lead us to conclude that patents and publications are complements, not
subgtitutes. From apolicy perspective thisis of consderable importance, given the
widespread concern that has been expressed that patents are crowding out publicationsin
the univergity sector. It dso suggests that technology transfer offices a universities
should work cdosdy with offices of inditutiond research in simulating overadl research
activity.

Our results must be consdered preliminary. In future work we will expand the
work that we have done using instruments for publication counts, explore the patenting
activity of the non-faculty and further divide the fidld of computer science to seeif
ditinctions are found between software researchers and hardware researchers. There are,
however, areas of research that our data preclude. For example, we have no information
on citations, ether to articles or patents, and thus have no prospect of relating the quality
of publications to the quality of patents. Moreover, we are limited to usng cross
sectiond datawhile longitudina data would be preferred. It isour hope that this research
whets the gppetite of others doing research in the area of technology transfer—and of
data gathering agencies—to continue this line of research.

20 \We define non-faculty to include individuals working in post doctorate positions and in non-tenure track

positions such as research scientists.
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Tabhlel
Didribution of Patentsand Articles

Percent
Sector 0 1-5 6-10 >10
Academe (n=10,962) | 90.9 8.7 0.4 0.1
14.4 40.8 20.9 23.9
Computer (n=1,159) | 97.8 2.2 *xk *xk
235 47.3 16.7 12.5
Life (n=5,936) 91.6 7.9 0.3 0.1
12.7 0.3 12.5 25.2
Physicd (n=2,156) 90.7 8.7 5 0.1
15.5 37.3 20.4 27.1
Engineer (n=1,711) 83.5 155 1.0 FrE
12.6 41.8 22.7 23.0
Table2
Patent by Publish Distribution
Frequency
Percent
Row PCT
Col PCT
PATENT PUBLISH
0 1 Tota
0 1541 8418 9959
14.1 76.8 90.9
155 84.5
97.7 89.7
1 36 967 1003
.33 8.82 9.2
3.6 96.4
2.3 10.3
Tota 1557 9385 10962
14.4 85.6 100.00

Chi Square = 104.49; prob <.0001




Table3

Definitions of Explanatory Variables Affecting Various Modd Components

Vaiadle Description Uspapp95 | Zero- | Articleds
Equation | Inflation | Equetion)
Part

Uspapp95 | Number of patent applications during
the past 5 years.

Patent Zero-one dummy if one or more
patents applied for during past 5 years

Articleds Number of articles published during
past 5 years

Yrsofphd Years sinceindividua has earned
highest degree

Yrsofphdsg | Yrsofphd-squared

Femdum Zero-one dummy if femde

Ctzusdum | Zero-onedummy if U.S. citizen

Fedsup Zero-one dummy if recelve federd
research support.

Lifefield* Zero-one dummy if in fidd of life
sciences

Compfield | Zero-onedummy if infidd of
computer sciences

Phyfield Zero-onedummy if infidd of
physica sciences

Engfield Zero-onedummy if in fied of
enginesring

Univemp* | Zero-one dummy for individuas
employed in four-year college or
universty, excluding Medidum and
Reserdum

Reseremp Zero-one dummy if employedina
university research inditute

Medemp Zero-one dummy if employed ina
medical school or center

Tenure Zero-one dummy if individud works
in academe and has tenure

Instpat Number of patents awarded to
academic inditution individud
worked for between 1990-1994

Rulempc Zero-one dummy if working for

school with Carnegie cdassfication of
Research Universty |I.
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Ru2empc

Zero-one dummy if working for
school with Carnegie classfication of
Research University 11

Doclempc

Zero-one dummy if working for
school with Carnegie classfication of
Doctora Granting 1.

Doc2empc

Zero-one dummy if working for
school with Carnegie classfication of
Doctora Granting I1.

Mediempc

Zero-one dummy if working for
school with Carnegie classfication of
aMedicd school.

Otherempc*

Zero-one dummy if Carnegie
classfication of school employed at
isanything besides Rul, Ru2, Docl,
Doc2, Medi dummies

Ruldeg

Zero-one dummy if Carnegie
classfication of school awarding
degree is Research Universty |.

Ru2deg

Zero-one dummy if Carnegie
classfication of school awarding
degree is Research Universty |1

Docldg

Zero-one dummy if Carnegie
classfication of school awarding
degree is Doctord Granting |.

Doc2dg

Zero-one dummy if Carnegie
classfication of school awarding
degree is Doctord Granting I1.

Medideg

Zero-one dummy if Carnegie
classfication of school awarding
degree is Medica school.

Rdactivity

Zero-one dummy if primary or
secondary work activity isin applied
or basic research or development or
desgn

* | ndicates the benchmark or control group.

" Meansthe variable is an explanatory variable included in the equation
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Table4

Means (Standard Deviations) of Variables By Field

Vaiade Academe Life Computer | Physcd | Enginering
Tota Sciences | Sciences | Sciences
Uspapp95 0.196 0.167 0.033 0.218 0.376
(0.96) (0.80) (0.25) (1.09) (1.45)
Patent 0.091 0.084 0.022 0.092 0.165
(0.29) (0.28) (0.15) (0.29) (0.37)
Articled5 8.090 8.358 4.969 9.093 8.013
(10.43) (10.36) (7.44) (11.91) (10.06)
Yrsofphd 13.898 13.946 14.890 15.422 11.136
(10.13) (9.98) (9.98) (10.83) (9.20)
Yrsofphdsq 295.659 | 294.139 | 321.144 | 355.165 208.69
(364.46) | (356.72) | (344.59) | (405.72) (330.86)
Femdum 0.241 0.324 0.201 0.151 0.099
(0.43) (0.47) (0.40) (0.36) (0.30)
Ctzusdum 0.896 0.933 0.852 0.891 0.802
(0.31) (0.25) (0.35) (0.31) (0.40)
Fedsup 0.524 0.541 0.279 0.575 0.565
(0.50) (0.50) (0.45) (0.69) (0.50)
Lifefield 0.541 o o o o
(0.50)
Compfield 0.106 o o o o
(0.31)
Phyfield 0.197 o o i i
(0.40)
Engfield 0.156 o o e o
(0.36)
Univemp 0.628 0.499 0.895 0.728 0.767
(0.48) (0.50) (0.31) (0.44) (0.42)
Reseremp 0.121 0.077 0.081 0.215 0.178
(0.33) (0.27) (0.27) (0.41) (0.38)
Medemp 0.252 0.423 0.024 0.057 0.055
(0.43) (0.49) (0.15) (0.23) (0.23)
Tenure 0.467 0.434 0.646 0.467 0.458
(0.50) (0.50) (0.48) (0.50) (0.50)
I nstpat 56.142 59.717 39.006 56.923 54.365
(109.15) | (111.00) | (94.45) | (116.42) | (101.23)
Rulempc 0.454 0.488 0.325 0.415 0.475
(0.50) (0.50) (0.47) (0.49) (0.50)
Ru2empc 0.080 0.077 0.084 0.070 0.098
(0.27) (0.27) (0.28) (0.25) (0.30)
Doclempc 0.042 0.033 0.070 0.045 0.052
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(0.20) (0.18) (0.26) (0.21) (0.22)
Doc2empc 0.057 0.043 0.063 0.059 0.098
(0.23) (0.20) (0.24) (0.24) (0.30)
Mediempc 0.081 0.138 0.008 0.017 0.016
(0.27) (0.34) (0.09) (0.13) (0.12)
Otherempc 0.286 0.221 0.450 0.394 0.260
(0.52) (0.41) (0.61) (0.57) (0.55)
Ruldeg 0.673 0.665 0.632 0.692 0.705
(0.47) (0.47) (0.48) (0.46) (0.46)
Ru2deg 0.087 0.081 0.114 0.093 0.081
(0.28) (0.27) (0.32 (0.29) (0.27)
Docldg 0.037 0.030 0.076 0.036 0.034
(0.19) (0.17) (0.27) (0.19) (0.18)
Doc2dg 0.023 0.023 0.026 0.025 0.020
(0.15) (0.15) (0.16) (0.15) (0.14)
Medideg 0.025 0.045 0.001 0.000 0.001
(0.16) (0.21) (0.03) (0.00) (0.02)
Rdactivity 0.482 0.246 0.246 0.481 0.418
(0.50) (0.55) (0.43) (0.50) (0.49)
Sample 10962 5936 1159 2156 1711
Sze
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Table5
Results from Zero-Inflated Negative Binomia Regresson
Dependent Variable: Uspapp95®

Model Vaidble | Academ Life Computer | Phydcd Enginesring
eTota | Sciences | Sciences | Sciences

Uspapp
95
Articled5 | 0.0430| 00456 | 00354 | 0.0269 0.0454
(12.22) | (10.07) | (0.62) (3.50) (1.81)
Yrsofphd 0.0498| 0.0844 | -0.0142 | 00617 | -0.0143
(281)| (261) | (-0.08) (1.79) (0.32)
Phdsq -0.0004 | -0.0014 | 0.0023 | -0.0003 | 0.0010
(-094) | (-1.92) | (058) (-0.45) (2.09)

Femdum | -0.0055| 0.2041 | 0.7469 | -0.1974 | -0.3509
(-0.03)| (0.46) | (1.02) (-0.68) (-0.16)

Ctzusdum | -1.2552| -0.0650 | 0.1034 | 0.6937 -0.3683
(-2.03)| (-0.24) | (0.06) (2.08) (-2.64)
Fedsup -0.0018| 00311 | 22817 | -0.4994 | -0.0674

(-0.01) | (014) | (1.85) (-1.75) (-0.98)

Compfield 0.5116

(1'24) * %k * k% * %k % * k%
Phyfield 0.5098

(289) * k% * %% * k% * %%
Engfield 0.9309

(627) * k% *k* * k% *k*
Reseremp 0.4183| 0.2535 3.6062 0.9944 0.1047

(2.75) | (0.82) (4.67) (3.08) (0.44)
Medemp 0.2355| -0.0911 | 2.4409 1.3878 0.7911

(1.64) | (-0.40) (3.16) (4.12) (2.92)
Tenure 0.0095 | -0.0689 | 3.5400 -0.2438 0.0225

(0.07)| (-0.38) (4.13) (-0.66) (0.10)
Ruldeg 0.0841 | -0.0252 | -4.1979 -0.5029 0.5606

056)| (-011) | (-2.04) | (-1.07) (1.54)




Ru2deg 0.0295| 0.1450 | -3.0607 -0.3380 -0.2449
(0.12) (0.33) (-1.67) (-0.52) (-0.52)
Docldeg -0.1472| 0.4082 | -2.2716 0.2228 0.1086
(-0.46) (0.30) (-1.01) (0.35) (0.17)
Doc2deg -0.6543 | -0.3162 | -5.8932 -0.5336 -1.0275
(-1.35) (-0.34) (-2.92) (-0.54) (-1.88)
Medideg 0.4383 | 0.4541
(146) (118) **%* *** **%*
Rdactivity 0.6043| 0.6472 | -0.4328 -0.8829 -0.0376
(2.07) (1.29) (-0.54) (-1.56) (-0.11)
Constant -3.3095 | -3.2749 | -1.7778 -1.6233 -1.1501
(-6.85) (-4.18) (-0.79) (-2.20) (-2.00)
Inflatio
n
(Logit)
Yrsofphd 0.0281 | 0.0472 0.0561 -0.0124 -0.0140
(0.56) | (0.38) (0.19) (-0.12) (-0.15)
Phdsqg -0.0001 | -0.0009 [ 0.0021 0.0006 0.0010
(-0.13) | (-0.38) (0.27) (0.27) (0.51)
Femdum 1.5725| 1.6912 1.6676 1.9431 0.2591
(3.33) | (2.86) (1.23) (2.33) (0.32
Ctzusdum | -1.2552 | -0.7729 | -2.5893 3.7760 -1.3906
(-2.03) | (-0.69) (-1.412) (2.39) (-2.52)
Fedsup -1.2128 | -0.8651 | 0.4975 -3.0967 -0.6270
(-4.01) | (-1.44) (0.26) (-3.31) (-1.19)
Compfield 2.1468
(343) * %k * %k * kK * %k
Phyfield 0.5083
(132) **%* **%* * %% **%*
Engfield -1.2797
(_248) * %% *** **%* ***
Reseremp 0.0089 | -0.2659 | 8.3126 2.0104 -1.2515
(0.02) | (-0.44) (1.99) (1.81) (-1.45)
Medemp -1.4479 | -1.6588 | 8.1722 0.3115 0.3341
(-2.39)| (-1.76) (1.98) (0.32) (0.53)
Tenure 1.4824 | 0.7341 | 10.5842 2.0117 0.2178
(2.06) | (1.01) (2.30) (2.09) (0.41)
instpat -0.0047 | -0.0054 | -0.0061 -0.0004 -0.0035
(-1.85) | (-0.86) (-1.93) (-0.16) (-1.28)
Ruldeg -0.6926 [ -0.1931 | -10.8257 | -3.4951 0.4834
(-1.29)| (-0.22) (-2.85) (-2.64) (0.60)
Ru2deg -0.4301 | 0.6196 | -9.9962 -1.5235 -12.9557
-(0.80) | (0.68) (-2.69) (-0.98) (-4.70)
Docldeg -1.6572 | 1.5847 | -10.7038 | -2.3801 0.3389
(-1.16) | (0.69) (-2.92) (-1.42) (0.28)
Doc2deg -1.6413| 1.1587 | -14.2575 | -2.7157 -11.8365
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(-0.70) | (0.78) (-3.12) (-1.14) (-4.69)
Medideg 0.2700 | 0.6849
(036) (084) * %% * k% * %%
Rdactivity | -1.1856| -1.5833 | -0.0744 -3.8841 -1.3413
(-2.64) | (-2.21) (-0.07) (-4.16) (-1.99)
Constant 1.6779 1.7675 | 4.2301 1.5025 2.0063
(2.02)| (1.45) (1.68) (0.76) (2.03)
Ln-dpha 1.5824 | 1.4676 -162.34 1.704 0.9898
(10.78) | (3.74) (0.00) (13.38) (3.27)
Log -4345.2 | -2149.84 | -108.927 | -883.94 -1130.56
likelihood
N 10962 | 5936 1159 2156 1711
(8) Figures with brackets are t-ratios based on robust standard errors.
* (**) Satidicdly dgnificantly different from zero a the 5% (1%) leve

ggnificance.

of
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Table 6

Margina Effects and Eladticities
Edimates from Zero-inflated Negative Binomid Modd
Dependent Variable: Uspapp95®

Vaidble Academe Life Computer | Physcd | Enginegring
Tota Sciences | Sciences Sciences

Article95 0.0060** | 0.0053** 0.0010| 0.0062** 0.0192**
(0.347)>"" | (0.381)** (.176) | (0.245)** |  (0.364)**

Yrsofphd 0.0043* | -0.0227* -0.0015 0.0115 0.0033
(0.425)* | (-3.220)* | (-0.814) (0.766) (0.086)

Femdum -0.0786°" | -0.0588** | -0.0183°| -0.1660 -0.1430

Ctzusdum 0.0546* 0.0312| 0.0372* 0.0495 -0.0249

Fedsup 0.0566** | 0.0432* | 0.0884* | 0.1035* 0.0136

Lifefield

Compfield | -0.0681**

Phyfield 0.0491*

Engfield 0.2830* *

Univemp

Reseremp 0.0685* * 0.0476| -0.0376 0.0392 0.1110

Medemp 0.1005** | 0.0603** -0.0317| 0.5705* 0.4391*

Tenure -0.0679** | -0.0415* -0.0279 | -0.1789** -0.0045

Instpat 0.0002* * 0.0003 0.0002| 0.00002 0.0002
(0.089)* (0.130) (0.215) (0.006) (0.029)

Ruldeg 0.0444* 0.0062| 0.0544* | 0.3148* 0.1895*

Ru2deg 0.0238| -0.0156| 0.0064* 0.0074 0.0614

Docldg 0.0287| -0.0466| 0.0214* 0.0317 0.0214

Doc2dg -0.0389| -0.0716** | -0.0225* 0.0052 -0.2321*

Medideg 0.0559 0.0155

Rdactivity 0.1167** | 0.1172** -0.0111| 0.1416** 0.0999

Sample 10962 5936 1159 2156 1711

Sze

* (**) Satidicdly sgnificantly different from zero a the 5% (1%) level of

ggnificance.

a) Theunderlying coefficient estimates and t-ratios are shown in Table 6. In nor+
linear models, such as ours, the t-ratios associated with coefficient estimates,
margind effects and eadticities may be somewhat different. Thet-ratios
corresponding to coefficient estimates are generaly more reliable because the
underlying sandard errors are less noisy.

b) Figureswithin bracketsindicate dadticities of the number of patent gpplications
with respect to the variable.

¢) For adummy variable, the margina effect isfor discrete change from O to 1.
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Table7.
Eladticities

Edtimates from Zero-inflated Negetive Binomid Modd Using Ingruments for Articled5
Dependent Variable: Uspapp95?

Variable

Academe

Life

Computer | Physcd | Enginesring
Totd Sciences | Sciences Sciences
Article9d5 0.0059* 0.0093* 0.0014 0.0063 0.0146
(0.303)*" (0.538)* (0.024) (0.220) (0.262)
Sample 10962 5936 1159 2156 1711
Sze

* (**) Saidicdly sgnificantly different from zero at the 5% (1%) level of

ggnificance.

(8 Figureswithin bracket indicate eagticities of the number of patent gpplications

with respect to Article95.
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