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material and social resources, and perceptions about values and reputation. We find that characteristics
reflecting professional security, advantage and productivity are strong predictors for a greater breadth of
participation in academic entrepreneurship, but not for all forms of technology transfer that we are able
to test. For such academics, science and commerce go hand in hand, as they are best poised to straddle
the boundary between industry and academy. We find strong support, however, that scientists perceive
the value of patenting differently, and the level of reputational importance placed on scientific compared
to commercial achievements matters in shaping commercial involvement.
. Introduction

For decades, OECD countries have made concerted efforts to
trengthen linkages between public research and private indus-
ry to improve national economic performance. Under the logic of
acilitating innovation and increasing knowledge flows to compa-
ies, public initiatives have turned to formal technology transfer
TT), largely targeting intellectual property (IP) and faculty par-
icipation in commerce (Mowery and Sampat, 2004; Geuna and
esta, 2006). National policies have become remarkably similar in

heir focus on patents, adapting many US models, such as univer-
ity IP ownership of government-funded research and pecuniary
ncentives to inventors (Gulbrandsen and Etzkowitz, 1999; Powell
t al., 2007). As a result, TT participation among life science fac-
lty, termed academic entrepreneurship by some, is now widely
ccepted, and highly encouraged in most developed economies.

As a consequence, universities and public research organiza-

ions (PRO’s) are subject to new metrics of performance, such as the
umber of patents produced or start-up companies formed (DLA
iper and Hayes-Curran, 2007). In 2006, the European Commis-
ion (EC) sponsored a study on TT regimes and their use as part of

∗ Corresponding author. Tel.: +49 89 21805833.
∗∗ Corresponding author. Tel.: +1 847 491 8193.

E-mail addresses: haeussler@bwl.lmu.de (C. Haeussler),
-colyvas@northwestern.edu (J.A. Colyvas).

048-7333/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.respol.2010.09.012
© 2010 Elsevier B.V. All rights reserved.

their Sixth Framework for R&D. In the same year, the Association
of European Technology Transfer Professionals began surveying
universities and PRO’s on TT performance, including patents, new
start-ups, licenses and income (Arundel and Bordoy, 2008). Many
argue that these benchmarking efforts provide crude, often dis-
torted measures of the impact of research on the economy (Nelson,
2009). Notably, scientists’ formal TT participation is highly skewed
(Agrawal and Henderson, 2002; Giuri et al., 2007). For example,
Meyer (2006) demonstrates that individuals who patent in the UK,
Germany, and Belgium account for 2% or less of the nano-science
publishing communities. A focus solely on patents or spin-outs
misses the numerous channels of TT (Murray, 2004; Sampat, 2006;
Shapin, 2008).

We contend that only ‘counting productivity’ strips practices
from the settings in which scientists produce knowledge, and
overlooks important demographic, career, and normative charac-
teristics that identify the loci of commercial activity (Stephan et al.,
2007; Colyvas and Powell, 2009). We argue that the proclivity of sci-
entists to engage in TT is conditioned by their positions in the social
structure of science and outlooks on their careers. More established
and productive scientists have less to lose in terms of tenure and
reputation, have more resources, and are better situated to mobi-
lize their material and social capital for commercial gain (Stephan

and Levin, 1992; Casper and Murray, 2005; Stuart and Ding, 2006).
Furthermore, the social acceptance of IP plays an important role in
participation, although few have measured the reputational value
that scientists place on property versus esteem from scientific
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chievement. Even at highly entrepreneurial universities, scientists
iffer greatly in their emphasis on industry engagement—ranging
rom those who see synergies between industry and academic
cience, to those who view them in opposition (Owen-Smith
nd Powell, 2001). We claim that commercializing science has
uch to do with academics’ perceptions about reputation and

chievement.

.1. Technology transfer in the academy

Technology transfer reflects how scientific results move from
ne organization to another for further development and com-
ercialization (AUTM, 2009).1 The distinction between public

nd private science, which emphasizes the social organization of
nowledge production, provides a useful contrast in understand-
ng changes in TT. Dasgupta and David (1994) suggest structural
ifferences between academic and commercial science in terms
f the goals accepted as legitimate; features of the reward sys-
em; and norms regarding knowledge disclosure. In public science,
he primary legitimate goal is priority of discovery, which is
ewarded through peer review and codified through publication,
itation, and professional awards. In proprietary science, legiti-
ate goals are oriented toward market share, which is rewarded

hrough excludability and profit, making patents the primary cur-
ency for disclosure. Government initiatives and local incentives
o integrate commercial efforts into universities and PRO’s mark

strong departure from the normative aspects that have tradi-
ionally distinguished academic from industry science. Scholars
ssert that these once separate regimes have become more inte-
rated whereby science has moved from a “binary system. . . to . . .
rrangements that combine elements of both” (Owen-Smith, 2003;
hoten and Powell, 2007, p. 346).

Claims of blurred boundaries between public and proprietary
cience are not without debate, particularly how this amalgamated
egime actually reflects changes in practices. Some argue that this
iew of science as open and communal is exaggerated and the pro-
uction of knowledge in public settings has always been highly
ecretive, exclusionary, and often intended for practical application
Vallas and Kleinman, 2008). Therefore, a move toward engage-

ent in commercializing science does not actually reflect a strong
ormative departure, and rather is more a product of a shifting
nowledge economy. Others emphasize that in many countries,
cademic ties to industry have a long legacy, has taken multiple
orms, and both sectors share many substantive similarities in the
ature of the research (Shapin, 2008). In Germany, for example,
pecialized agencies as early as the 1970s were created within aca-
emic institutions to make research more visible to industry (Lange
nd Krücken, 2008). The proactive focus on IP rights for research
s a primary way of disseminating findings is, however, new. For
cientists, industry engagement means navigating dual, often con-
icting public and proprietary systems (Vallas and Kleinman, 2001;
aeussler, forthcoming).

Indeed, numerous aspects of these two systems are contra-
ictory. Whereas publication provides open access to knowledge,

P confers the ability to exclude others from using it. Publication
uccess depends on peer review, while patents rely on legal crite-
ia of novelty, non-obviousness, and use (Eisenberg, 1987, 1996).

or scientists, the time and work required for successful commer-
ialization does not necessarily support, and even undermines,
dvance in academic science: the kind of effort involved in pub-
ication success is different from that necessary to secure a patent

1 TT is broader than entrepreneurship that emphasizes scientist engagement in
ommercializing findings, or proprietary science that emphasizes disclosing knowl-
dge through patents (Owen-Smith and Powell, 2001).
ch Policy 40 (2011) 41–54

(Packer and Webster, 1996). Formal TT may also preclude access to
scientists’ work, create conflict of interest, or divert attention and
resources away from scientific recognition (Krimsky, 2006; Murray
and Stern, 2007). As a result, scientists’ responses to national and
local incentives may be mediated by the trade-offs they face in their
professions and everyday work.

1.2. Antecedents and effects

We follow research that posits ways in which proprietary prac-
tices may generate a new “fault line” for scientists—reproducing
the existing social system of science, advantaging some who are
better poised to harness the dual objectives of scientific advance
and commercial rewards, and perhaps isolating those who remain
‘pure’ (Owen-Smith and Powell, 2001). We focus on individual pre-
dictors that profile the loci and normative orientation of those
who engage in TT, and reveal how science and commerce have
intermingled or not in academia. Academics’ participation in such
practices thus raises an important puzzle: Does engagement in
academic entrepreneurship reproduce the existing social structure
of science, in which case those with resources and professional
security are more able to parlay science into commerce? Or, does
entrepreneurial activity reveal opportunities to circumvent the
established social order of science? The former is an enduring con-
cern about stratification in scientific production and careers. The
latter reflects the hope of many local and government policies.

To address these questions, we utilize a survey-based dataset of
2294 German and UK life scientists’ commercial practices, enabling
us to examine three forms of TT – consulting, patenting, and
founding – that also reflect distinctive ways scientists engage with
industry (Shane, 2004).2 The life sciences are a strategic context
since industrial advance relies heavily on public and basic research,
yet proprietary science is newer to this field compared to engineer-
ing and physical sciences. Germany and UK provide apt settings
due to their high quality science, established life science industries,
and concerted governmental attempts to facilitate TT (Casper and
Whitley, 2004).

Our contribution is empirical and theoretical. Most individual-
level studies focus on the US and separate forms of commercial
engagement, although these activities often go hand in hand
(Murray, 2004). Notable exceptions highlight consulting, which
is often overlooked due to the unavailability of data (Porter et
al., 2005; Jensen et al., 2008; Ding and Choi, 2008). We examine
three forms of TT in the same sample. Furthermore, many analyses
emphasize the social and normative structure of science such as
career status or productivity, yet few capture differences toward
reputation and rewards. We tease out attitudinal differences and
demonstrate their distinctiveness from demographic and resource
attributes. We thus capture whether and how commercial practices
integrate into public science through legitimate goals and rewards.

2. Determinants of commercial engagement

We present one set of hypotheses, addressing each determinant
in terms of “breadth” and “degree” of involvement with industry,
which we test first as a summative index of patenting, consulting,
and founding (i.e., breadth), and second, separately for each (i.e.,

degree). We examine scientists’ demographic attributes, followed
by material, human, and social resources, as well as the reputa-
tional associations scientists credit to commercial and scientific
achievement.

2 These do not reflect all TT, notably conference presentations and graduate hires
are also important.
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.1. Demographic characteristics

We first address arguments relating commercial activity to the
xisting social structure of science, influenced by claims about
areer status and seniority as predictors of scientific success (Ding
nd Stuart, 2006; Stephan et al., 2007). We also include gender
ince, on most accounts, the scientific profession exhibits signifi-
ant differences between men and women in scientific productivity
Whittington and Smith-Doerr, 2008). We expect career status
nd seniority to be associated with a broader array of commer-
ial practices, while being female will negatively affect the degree
f commercial engagement. From this perspective, the distribu-
ion of academic entrepreneurship goes hand in hand with already
dvantaged, and established scholars.

.1.1. Career stage
Career stage is shown to be a strong predictor of early com-

ercial engagement, as tenure provides an indicator of security in
ne’s position and opportunity to leverage status for industry suc-
ess (Stuart and Ding, 2006; Bercovitz and Feldman, 2008, p. 82).
oth Germany and the UK operate under a tenure system, whereby
xternal peer review is acquired based on criteria of contribution
nd impact before employment is secured on an on-going basis.
ence,

ypothesis 1. Scientists at post-tenure engage in a greater
readth and degree of commerce than those at early career stages.

.1.2. Age
European scholarship calls for more attention to life-course

ttributes such as age and experience (Geuna and Nesta, 2006), yet
mpirical studies differ. More senior scientists are already estab-
ished in their reputations and have more accumulated human
nd social capital, such as previous students and colleagues who
ay reside in both industry and the academy, to diversify their

ctivities (Stephan and Levin, 1992). In the US, more experi-
nced scientists have also been shown to patent at a higher rate
Stephan et al., 2007). Recent work, however, shows that although
ommercial engagement was initially dominated by senior fac-
lty, entrepreneurship trickled down to younger scientists; newly
inted graduates are more likely to commercialize research (Stuart

nd Ding, 2006; Colyvas and Powell, 2007; Bercovitz and Feldman,
008). In Germany and the UK we expect that commercializing sci-
nce remains the province of older faculty as those training under
his new regime have yet to emerge in the academic system to
bserve a cohort effect. Hence,

ypothesis 2. The older the scientist, the greater the breadth and
egree of engagement in commercial science.

.1.3. Gender
Gender has been a significant indicator of the ways in which

ifferences in the social structure of science translates into dis-
arities for individuals (Xie and Shauman, 1998, 2005; Fox, 2001).
cant research is available on European gender differences in com-
ercializing science, although disparities and exclusion in overall

cience has been well documented. A notable exception demon-
trates that differences in productivity do not necessarily represent
uality, comparing rates of publications to citations to those pub-

ications (Prpic et al., 2009). Women have less access to resources
s well as fewer senior level appointments or advisory positions
EC, 2003). Germany and the UK both exhibit high proportions of

emale life science doctoral graduates, with 46.7% and 56.6% respec-
ively, compared to the US at 45.7%. The figures decline markedly
hen viewed as the proportion of women employed as scientific

esearchers in higher education, with 14% females in Germany
nd 31% in the UK (Eurostat, 2004; EC, 2003). Analyses in the US
ch Policy 40 (2011) 41–54 43

suggest multiple mechanisms explaining different patterns of pro-
ductivity in commercial science. Through interviews, Murray and
Graham (2007) suggest that the opportunity structure in academic
science excludes women at early stages of their careers, which has
long lasting effects on their proclivity to pursue commercializing
their science. Whittington and Smith-Doerr (2008) argue that the
hierarchical structure of academia compared to flatter organiza-
tions in start-ups makes gender disparities greater for life science
faculty than those in small firms. These differences in structure
and position make women’s differential access to resources even
more important for commercial engagement (Smith-Doerr, 2004;
Whittington, 2007). Significant gender differences in the breadth
and degree of commercial engagement suggests that academic
entrepreneurship mirrors the existing, stratified structure of sci-
ence.

Hypothesis 3. Women will have less breadth and lower degrees
of engagement with commercial science than men.

2.2. Material and social resources

Academics accrue rewards through the scientific, human, and
social capital from which they can draw in their work. We test vari-
ables associated with publication rates and number of personnel in
labs to distinguish between the stock of scientific findings that sci-
entists may appropriate in their engagement with industry, and the
people that principal investigators may enlist in their commercial
efforts. We also include information related to academics’ social ties
with entrepreneurs. We expect increases in material, human, and
social resources (such as publications, employees, and contact with
industry) to be positively associated with the breadth and degree
of commercial engagement, suggesting that science and commerce
go together.

2.2.1. Publication productivity
Publication productivity is associated with academic

entrepreneurship in numerous countries (Fabrizio and DiMinin,
2004). Scientists with more publications have a larger supply of
findings to commercialize and can generate more visibility for their
work to attract industry and financial capital (Zucker et al., 2002).
In the US, rates of publication predict many forms of commercial
engagement, from consulting to patenting to founding (Ding and
Stuart, 2006; Azoulay et al., 2007; Stephan et al., 2007). Systematic
evidence across countries is scant, although many studies provide
indirect or country-specific evidence that patenting and publishing
overlap (Geuna and Nesta, 2006; Breschi et al., 2007). For example,
Buenstorf (2009) finds a strong association among directors at
Germany’s Max Planck Institutes. Meyer’s (2006) comparison of
nano-science patentors and non-patentors suggests that scientists
who patent and publish are among the most productive in terms of
publication frequencies. A strong association between publication
and commercial activity suggests that public and private science
go hand in hand, rather than producing separate communities
(Powell and Owen-Smith, 1998). Hence,

Hypothesis 4. The greater the number of publications, the greater
breadth and degree of engagement in commercial science.

2.2.2. Lab size
Some scholars conceptualize scientific labs as organizations,

where more productivity and human capital produces increasing
returns to scientists in their continual ability to attract talent and

generate more scientific output (Cole and Cole, 1973; Allison and
Stewart, 1974; Merton, 1988). Larger scientific teams can build on
greater collective knowledge and effort, increasing publications,
research quality, and influence through citations to one’s work
(Adams et al., 2005; Wuchty et al., 2007). Hicks and Skea (1989)
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emonstrate productivity increases with size among scientists who
egularly interact in the US, UK, Pakistan and Bangladesh. This
ize effect may also hold for commercial activity as scientists with
arger labs may have the advantage of more personnel to divert
o industry-relevant projects, and also a broader range of projects
rom which to commercialize.

ypothesis 5. The greater the number of scientists one is respon-
ible for, the greater the breadth and degree of engagement in
ommercial science.

.2.3. Social connections to industry
Numerous analyses emphasize ties to industry as an impor-

ant resource for scientists in the two-way flow of knowledge
Mansfield, 1995; Cohen et al., 2002). Academics who have contact
ith firms are more likely to commercialize their research findings

nd, at many institutions, firm connections are seen as an impor-
ant source of potential partners in the TT process (Colyvas and
owell, 2006). This form of social capital provides scientists with
he opportunity to access information, appropriate relationships
nd convert knowledge-based resources from science to industry
Bozeman et al., 2001; Murray, 2004). An important source of ties
o industry occurs through personal relationships such as immedi-
te family who are entrepreneurs (Dyer and Handler, 1994). Such
cientists are influenced by the socialization and directed attention
xperienced in a familial context (Haeussler et al., 2009).

ypothesis 6. Scientists with family members who have founded
ompanies will pursue a greater breadth and degree of participation
n commercial science.

.3. Values and orientation towards science

Finally, many emphasize the importance of changing scien-
ists’ orientation toward industry (Shane, 2004, 2007). In this
iew, the goals that are accepted as legitimate and perceived as
ewarded among faculty are instrumental. Faculty have a con-
iderable amount of autonomy to choose the orientation of their
ork, unlike their commercial counterparts (Whittington, 2007).

ven in highly entrepreneurial places, scientists exhibit sharp
ifferences in faculty perceptions of the benefits of commercial
ngagement (Owen-Smith and Powell, 2001; Colyvas, 2007). The
rade-off between effort and potential rewards can prompt scien-
ists to forego commercializing altogether, and the reputational
oncern over whether proprietary science hinders access to new
nowledge also suggests that individuals may elect to stay out of
ommerce in their pursuit of scientific achievement. We therefore
xamine whether perceived rewards of proprietary or public sci-
nce are associated with the breadth or degree of entrepreneurship.

.3.1. Proprietary science
Scholars and practitioners who underscore an institutional

ransformation in science emphasize how scientists have parlayed
ommercial success into academic rewards (Owen-Smith, 2003).
hose concerned over the effects of proprietary practices on the
uality and character of science underscore how public policies
nd institutions increasingly benchmark and reward commercial
uccess (Rhoten and Powell, 2007). Both mechanisms likely oper-
te in drawing the connection between rewards to reputation and
ommercial success. Hence,

ypothesis 7. The more important patenting is to reputation, the

reater breadth and degree of commercial involvement.

.3.2. Public science
We have mentioned, however, that engagement in public and

roprietary science can be at odds in terms of commitment and
ch Policy 40 (2011) 41–54

time. Demonstrating the quality and impact of one’s science
requires directing resources towards public science goals, i.e., pub-
lication, citations, and scientific awards. Such efforts may also be
hindered when accruing IP, consulting, or founding. We expect that
scientists who perceive that their peers value scientific achieve-
ment will be less likely to devote efforts to industry involvement.
In this perspective, legitimate goals remain separate at the level
of individual faculty behavior, despite going hand in hand at the
policy levels. Therefore,

Hypothesis 8. The more important quality and impact of science,
the less breadth and degree of commercial engagement.

Hypothesis 9. The more important scientific awards, the less
breadth and degree of commercial engagement.

2.4. Comparisons across forms of technology transfer

Consulting, patenting, and founding require qualitatively dif-
ferent forms of involvement with industry and different levels
of commitment (Mansfield, 1995; Rosenberg and Nelson, 1994;
Mowery and Rosenberg, 1998; Murray, 2004). Although these
practices do not represent the entire spectrum of TT, they con-
stitute distinctive forms of TT and modes by which scientists
interact with industry. We discuss each in terms of risk, effort, and
coordination.

Consulting entails engagement with companies on a contractual
basis, governed between the individual scientist and a particular
entity. Sometimes scientists take an on-going role, such as scien-
tific advisory board membership. Evidence from qualitative studies
suggests that many scientists engage with firms on a project-basis
(Colyvas, 2007; Lange and Krücken, 2008). Universities and PRO’s
have long-held policies allowing scientists to consult, which also
lowers costs for academics having to arrange contact with firms
(Jensen et al., 2008). Scientists report an affinity for consulting:
engagement in the application of their work inspires basic research
or provides pathways for students’ careers (Cohen et al., 2002;
Murray, 2004).

In contrast, patenting is more binding for faculty, as it requires
legal and employer authorization, as well as considerable participa-
tion in the licensing process to ensure success. Also, the patenting
process involves interaction with the TT office where scientists
are employed along with numerous legal and administrative pro-
cedures for obtaining IP and licensing to companies. Patenting
enrolls scientists into negotiations with their TT offices, potential
licensees, and their own colleagues who may or may not become
co-inventors. Since the abolishment of the professor’s privilege in
Germany, the academic institution takes over the financial risk and
patent application procedures, providing the inventor 30% of an
invention’s revenues (Czarnitzki et al., 2008). In the UK, academic
institutions own the IP rights and the distribution of royalties is
determined at the local organization, similar to the US (Clarysse et
al., 2007). Whereas this arrangement reduces some costs, patenting
marshals scientists through an additional layer of administrative
and commercial procedures. Also, as the target of public policies,
patenting resides at the nexus of changing values in science in ways
that consulting has not.

Finally, company founding reflects the most binding and riski-
est form of entrepreneurship, as it adds an additional stock of legal
requirements and draws the scientist into contact with financ-
ing institutions (Shane, 2004). Starting a company also entails
negotiation with the university over employment terms, obtaining

external private sector funding, team building, and numerous other
business development roles that are very different from maintain-
ing a successful laboratory (Packer and Webster, 1996). Scientists
are often also charged with the task of balancing directorships in
companies with their academic responsibilities. Furthermore, if IP



esear

i
t
p
a
t
t

H
i
m
t

3

3

o
b
t
o
g
l
H
w
s
i
b
b
a
i
t
2

d
e
T
w
a
3
w
f
w
i
p

a
u
t
h
t
G

v
(
r
v
a
t
t

n
m
h

C. Haeussler, J.A. Colyvas / R

s involved, scientists are put in a position of becoming a licensee of
heir own university, particularly in settings such as the UK where
ublicly funded research results are automatically owned by the
cademic institution and in Germany, where the abolishment of
he professor’s privilege in 2002 gave these organizations the right
o decide whether to own the patent or not. Hence,

ypothesis 10. The greater the risk, effort, and coordination
nvolved in the form of commercial engagement, the greater the

agnitude of the effect of demographic, resource, and value orien-
ations toward science on commercial engagement.

. Survey and data

.1. Survey

The survey was developed and administered in 2007 on a sample
f German and UK life scientists who either published or patented
etween 2002 and 2005. The UK and Germany lag behind the US in
heir experience in TT, although both countries are ahead of much
f the rest of Europe (OECD, 2003). Beginning in the late 1990s, both
overnments began programs to encourage TT, and have estab-
ished institutional ownership policies for patents (DLA Piper and
ayes-Curran, 2007). The approach to identifying life scientists
as twofold. First, life scientists listed as authors in PubMed were

ampled, a database of life-scientific and medical publications,
dentifying 9074 German and 8189 British scientists who published
etween 2002 and 2005. Second, inventors who filed patents with
io-scientific IPC codes at the European Patent Office between 2002
nd 2005 were sampled, comprising 8265 German and 4196 British
nventors. All (17,339 German and 12,385 UK) were invited to par-
icipate in an online questionnaire. A total of 2169 PubMed and
452 Epoline scientists filled out the questionnaire.3

The search categories used for identifying scientists in the two
atabases were large, since neither PubMed nor Epoline have cat-
gories or IPC classes that explicitly identify life science research.
he invitation letter to scientists pointed out that the target group
as scientists involved in the life sciences. Discussion with experts

nd a telephone survey with non-respondents revealed that about
0% of authors and about 25% of inventors in the original sample
ere not in fact involved in life science research. Once correcting

or the percentage of people who had received an invitation but
ere not involved in the life sciences (30% for authors and 25% for

nventors), the response rate was 17% for publishing and 26% for
atenting scientists.

Since our study aims to analyze commercialization activities of
cademic scientists, we included only those scientists who were
niversity or PRO-based. We ended up with 2294 completed ques-
ionnaires from scientists that met the criteria and for which we
ad all necessary variables to conduct the analysis. Six hundred
wenty nine (27%) of the samples were British and 1665 (73%) were
erman.4

To address concerns over non-response bias, we compared sur-
ey answers of the first wave of respondents with the last wave
Armstrong and Overton, 1977). We performed a conservative non-
esponse analysis by testing whether the answers to our dependent

ariables differ significantly between the first 10% of respondents
nd the late 10% respondents, (followed by a second specification of
he first 20% and late 20%). We estimated ordered probit specifica-
ions using the commercial activity index as the dependent variable

3 3534 of the scientists are employed in Germany, 1087 in the UK.
4 We sampled scientists that have either successfully published in a scientific jour-
al and/or filed a patent at the European Patent Office (EPO). Therefore, our sample
ight over-represent successful or output-oriented scientists, since academics that

ave never published and never patented are not included.
ch Policy 40 (2011) 41–54 45

and a dummy indicating whether the response is received in the
first wave (=1) or in the last wave (=0) as the independent variable.
In addition, we estimated probit models using consulting, patenting
and founding as dependent variables. Our variable distinguishing
between the 10% (and 20%) first and late respondents was in nei-
ther specification significant, indicating that non-response bias was
unlikely to be a problem in this study.

3.2. Definition of variables and description

Table 1 presents summary statistics of the dependent and inde-
pendent variables. Columns 2 and 3 list the mean and standard
deviation for the whole sample. Columns 4 and 5 report the results
of the sample of British-based scientists, Columns 6 and 7 presents
those of the German-based scientists. Column 8 depicts the p-
value in the test for differences of means among the two groups.
We report the summary statistics separately for the two countries
as previous research has shown that British and German scien-
tists are parts of different “ecosystems,” which impacts commercial
activity in the life sciences (Haeussler, 2011). In addition, the two
countries also have notable differences in state science and tech-
nological policies (Whitley, 2007). Lehrer et al. (2009) explains
German universities’ lag in commercializing science as declining
competition and increasing homogenization, which might result
in different degrees of academic entrepreneurship compared to
the UK.

3.2.1. Dependent variables
Our dependent variables of interest are respondents’ answers to

questions about three types of commercial engagement: whether
they are involved in consulting to companies (Consulting), applied
for at least one patent (Patenting), or have founded a company
(Founding).5 In our sample, 40% of respondents have applied for at
least one patent. The percentage is significantly larger for German
scientists (p < 0.001), which corresponds with reports that Ger-
many is ahead of the UK in academic inventorship (BMWF, 2003).
In both countries about 20% of our respondents advise companies
and 9% have founded a company. We built an index for the degree
of engagement in entrepreneurship (Commercial Activity Index)
adding up the three types of commercial activities. This variable
is 0 if respondent is not engaged in any and 3 if engaged in consult-
ing, patenting and founding. We find that 53% are not involved in
any commercial activity, 31% in one, 12% in two, and 4% in all three.
The most frequent combination is consulting and patenting (9%).
The Commercial Activity Index is significantly larger for German sci-
entists, which is mainly driven by the sample’s higher percentage
of inventors (p < 0.001).

3.2.2. Independent variables
3.2.2.1. Demographic characteristics. We included variables for Pro-
fessor and Assistant Professor to examine differences in formal
academic qualifications, especially regarding tenure, scientists
holding an academic qualification lower than Assistant Professor
as the reference category. In our sample, 24% are professors and
23% are assistants. The former is significantly larger in the German

than in the British sample (p < 0.001). Age is measured in years. The
respondents are on average 43 years old. We included the variable
female, comprising 25% of scientists of the sample with significantly
more British (30%) than German women (23%; p < 0.001).

5 The survey provided a definition of founder that reflected whether the scien-
tist was part of the team at the formation of the company and did not distinguish
between percent of time involved in the founding or whether the founder took a
specific management role.
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Table 1
Summary statistics.

Variable All scientists British scientists German scientists Diff. in mean between British
and German scientists

Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. p-Value

Dependent variables
Consulting (d) 0.195 0.194 0.196 0.921
Patenting (d) 0.398 0.326 0.426 0.001
Founding (d) 0.09 0.091 0.089 0.933
Commercial Activity Index 0.684 0.851 0.610 0.87 0.711 0.843 0.001

Independent variables
Professor (d) 0.244 0.243 0.244 0.952
Assistant Professor (d) 0.226 0.11 0.27 0.001
Age (years) 43.18 8.8 43.095 8.81 43.212 8.799 0.777
Female (d) 0.25 0.3 0.231 0.001
Lab Size 6.303 17.208 5.323 16.777 6.673 17.359 0.094
Publications 48.505 60.939 49.259 52.571 48.22 63.828 0.716
Log Number of Publications 3.397 1.017 3.493 0.936 3.361 1.044
Family Entrepreneur (d) 0.228 0.281 0.208 0.001
Peers value Science (Index) 0.006 0.734 0.057 0.729 −0.014 0.735 0.062
Peers value Patents 2.087 1.109 1.911 1.061 2.153 1.12 0.001
Peers value Awards 3.36 1.077 3.254 1.134 3.399 1.052 0.009
Degree Management (d) 0.008 0.008 0.008 0.914
University (d) 0.748 0.758 0.744 0.467
Clinical Field (d) 0.346 0.281 0.37 0.001
Basic Field (d) 0.814 0.841 0.804 0.043
Engineering Field (d) 0.146 0.151 0.144 0.65
Other Field (d) 0.109 0.126 0.103 0.117
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4.1. Commercial activity index

Table 2a provides results for the breadth of commercial engage-
UK 0.274

ll n = 2294; British scientists n = 629; German scientists n = 1665; (d) stands for b
roportion. For the ordinal variables we report the Mann–Whitney test.

.2.2.2. Material and social resources. Publication Productivity is
easured as the logarithmic form of the number of respon-

ents’ scientific articles [log (1 + number of publications)] in
eer-reviewed journals since the variable is right-skewed with a
ew respondents reporting a very high number of publications. The
verage scientist has 49 publications with a median of 30. Lab size
s the number of full-time employees who directly report to each
espondent. The average lab size is 6.3 and is slightly higher for
erman scientists (p = 0.094). Family Entrepreneur is an indicator
ariable equal to one if a parent or sibling of the respondent is a
ompany founder: 23% in our sample have an entrepreneur family
ember. The number is significantly larger for UK (23%) compared

o Germany (21%; p < 0.001).

.2.2.3. Values and orientation towards science. We constructed the
ariable Peers value Patents, measuring, on a five-point Likert scale,
he extent to which respondents assess patenting to be an impor-
ant influence on their reputation. The mean of the sample (2.1) is
ather low. Table 1 shows that German respondents perceive their
eers to value patent activity higher compared to their British
ounterparts (p < 0.001). We include two variables measuring the
erception that peers value scientific productivity: Peers value
cience is an index of the extent to which three items are assessed
o be important for the respondents’ reputation among peers: (i)
umber of articles published in peer reviewed journals, (ii) impact

actor of the journals where articles appear, and (iii) number of
itations published articles receive. Peers value Awards, measures,
n a five-point Likert scale, the extent to which respondents
ssess scientific awards to be important for their reputations. Both
easures are significantly higher for British compared to German

cientists (p = 0.062 for Peers value Science and p = 0.009 for Peers
alue Awards).
We also included variables related to career background and
nstitutional setting that can influence a scientist’s decision to
ngage in commerce as controls for our analysis. Degree Manage-
ent is an indicator variable equal to one if the scientist has a degree

n management in addition to their scientific degree, comprising
variables; for the binary variables the last column shows the two-sample test of

only 0.8% of respondents. University is an indicator variable equal
to one if the scientist is employed in a university and zero if the
scientist is employed in a non-university PRO (e.g., Max Planck for
Germany, Wellcome Trust in the UK). The latter provides scientists
access to more professional support for commercializing inventions
(Czarnitzki et al., 2008), PRO budgets typically exhibit a high share
of third-party funds, e.g., from industry, resulting in differences in
scientists’ commercial activities compared to university-employed
scientists (Gulbrandsen and Smeby, 2005; Edler et al., 2008). We
included four variables to distinguish between different types of
fields in the life sciences; respondents can be active in more than
one field. The Basic Field (81%) comprises biochemistry, cell biology,
developmental biology, genetics/proteomics, immunology, micro-
biology and neuroscience. The Clinical Field (35%) comprises clinical
medicine, oncology and pharmaceutical sciences. The Engineering
Field (15%) comprises bioinformatics and bioprocess engineering.
The Other Field (11%) comprises non-biomedical areas, including
veterinary and plant sciences (Table 1). Thirty eight percent of our
respondents are active in more than one of the four fields.

Appendix A reports bivariate relationships between the depen-
dent variables and Appendix B between the independent and
control variables. The highest correlations are between the aca-
demic qualification variables (Professor and Assistant Professor), Log
Number of Publications and Age. Professors are often older with more
publications. We perform a test for multicollinearity (variance of
inflation factor), which indicates that all variables can be included
in the multivariate model.6

4. Results
ment. We use a robust ordered probit regression because the

6 The highest variance of inflation is 2.44 for log number of publications (Model
3 of Table 2a).
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Table 2a
Degree of engagement in academic entrepreneurship.

Coefficient Commercial Activity Index (ordered probit)

M1 M2 M3

Professor (d) 0.630*** (0.0673) 0.447*** (0.0757) 0.463*** (0.0760)
Assistant Professor (d) 0.105 (0.0640) −0.00250 (0.0676) 0.00557 (0.0679)
Age 0.0188*** (0.00314) 0.0109*** (0.00372) 0.00805** (0.00379)
Female (d) −0.213*** (0.0590) −0.187*** (0.0597) −0.207*** (0.0602)
Lab Size 0.00433*** (0.00136) 0.00448*** (0.00136)
Log Number of Publications 0.146*** (0.0367) 0.168*** (0.0371)
Family Entrepreneur (d) 0.241*** (0.0575) 0.237*** (0.0576)
Peers value Science (index) −0.0742** (0.0356)
Peers value Patents 0.0978*** (0.0235)
Peers value Awards 0.0537** (0.0249)
Degree Management (d) 0.636** (0.253) 0.630** (0.253) 0.612** (0.253)
University (d) −0.370*** (0.0573) −0.358*** (0.0575) −0.365*** (0.0579)
Field Clinical (d) 0.258*** (0.0548) 0.224*** (0.0553) 0.202*** (0.0555)
Field Basic (d) 0.0331 (0.0665) 0.0194 (0.0666) 0.0271 (0.0669)
Field Engineering (d) 0.473*** (0.0703) 0.489*** (0.0705) 0.471*** (0.0708)
Field Other (d) −0.0388 (0.0821) −0.0399 (0.0822) −0.0391 (0.0823)
UK (d) −0.119** (0.0566) −0.176*** (0.0579) −0.142** (0.0584)
Observations 2294 2294 2294
chi2 376.2 423.4 451.1
Pseudo R2 0.0749 0.0843 0.0898
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26.66; p < 0.001). Our results support the notion of past publication
record moderating the effect of Peers value Science for commercial
activity.

7 Coefficient estimates in ordered probit models do not reflect marginal effects.
We report them separately for all four outcome categories of the commercial activity
ote: Standard errors in parentheses; (d) indicates binary variable.
** p < 0.05.

*** p < 0.01.

ependent variable is ordinal, ranging from 0 (no commercial activ-
ty) to three (consulting, patenting and founding). The ordered
robit model is appropriate when the categories of the dependent
ariable can be ranked, but the distances between the categories
re unknown (Long and Freese, 2001). The distance from having
o commercial activity and one activity might not be the same as
he distance from being involved in two and three activities, which
iolates the assumption of linear regression models.

Model (1) provides a baseline with demographic characteristics
nd controls. Career stage matters (H1), as Professors are engaged
n commercial science to a larger degree than pre-tenure scien-
ists. This finding, in line with prior research, suggests that career
tage is a strong predictor of commercial activity, although we
o not observe any indication that entrepreneurship has perme-
ted into early career science as it has in the US (Stuart and Ding,
006). Moreover, Age is positively related to the degree of commer-
ial engagement (H2), suggesting that older scientists draw from
broader stock of human and social capital (Stephan and Levin,

992). Female scientists are involved in fewer kinds of commercial
ctivities than their male counterparts (H3), as observed in the U.S.
Ding et al., 2006; Whittington and Smith-Doerr, 2008; Thursby and
hursby, 2005).

Model (2) adds material and social resource variables. The
og Number of Publications has a positive and statistically signif-
cant effect on the degree of commercial activity (H4). Scientists

ith larger labs are able to build on greater collective knowledge
nd effort, supporting H5. This finding is consistent with liter-
ture that emphasizes team size in increasing scientific output
Adams et al., 2005) and received scientific citations (Wuchty et
l., 2007). We find that group size also positively impacts com-
ercial activity. Although productivity increases with size among

mall groups (Hicks and Skea, 1989), there is also an inverse rela-
ionship for large groups (Diaz-Frances et al., 1995; Seglen and
ksnes, 2000). However, Cohen (1981, for biomedical research)
nd Kretschmer (1985, for molecular biology) find no optimal
ize—the relationship between size and output remains linear at

ll stages. In a further specification (see Appendix D, Model 1)
he relationship between Lab Size and degree of commercial activ-
ty in our sample is an inverted U-shaped (at 1% significance).
ence, commercial activity increases with the lab size for small
labs but additional lab members decrease the degree of commer-
cial activity for already large labs. Finally we find strong support
for whether a family member with a company explains commercial
engagement (H6).

In Model 3, we add variables related to reputational values for
public and proprietary forms of output, for which we find sup-
port (our H7-H9). The more scientists perceive that their peers
attach value to patenting, the stronger the involvement in a broad
range of commercial activity (Peers value Patents). Furthermore, the
perceived importance of scientific output to peers also impacts
commercial engagement. The number of publications positively
drives the level of commercial activity but the peer recognition of
scientific output decreases it.7

Additional specifications reported in Appendix D (Model 1)
examines whether the number of publications moderates the effect
of Peers value Science by interacting Log Number of Publications with
Peers value Science. Scientists with a large number of publications
may attach less reputational importance on peer recognition of sci-
entific output than scientists with fewer publications. Scientists
with fewer publications may seek to gain scientific status, thus be
more sensitive to receiving esteem for scientific output. We find
that this interaction effect is positive and (marginally) significant
(coef: 0.052; se: 0.030, p = 0.082). For scientists with a greater publi-
cation track record, publication success is perceived less important
for their reputations relative to those with a lesser track record.
The joint effect of the variables Log Number of Publications, Peers
value Science and the interaction term is highly significant (chi2:
index for Model 3 of Table 2a in Appendix C. The discrete change is the difference
in the predicted values as one independent variable changes value while all others
are held at their mean (Long and Freese, 2001). The significance of the effects is
consistent for all four dependent variable categories. In all models the signs of the
effects change when no commercial activity is the outcome category compared to
pursuing one or more commercial activities.
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Table 2b
Different forms of technology transfer.

Coefficient Consulting (d) Probit model (marginal effects) Patenting (d) Probit model (marginal effects) Founding (d) Probit model (marginal effects)

M1 M2 M3 M4 M5 M6 M7 M8 M9

Professor (d) 0.163*** −0.026 0.100*** (0.028) 0.106*** (0.028) 0.189*** (0.030) 0.122*** (0.034) 0.125*** 0.122*** (0.022) 0.086*** (0.022) 0.087*** (0.022)
Assistant Professor (d) 0.038 (0.023) 0.007 (0.023) 0.010 (0.023) 0.022 (0.028) −0.012 (0.029) −0.011 (0.029) 0.015 (0.016) 0.0008 (0.015) 0.00005 (0.015)
Age 0.004*** (0.001) 0.002 (0.001) 0.0009 (0.001) 0.008*** (0.001) 0.006*** (0.002) 0.005*** (0.002) 0.001* (0.0006) 0.0002 (0.0007) −0.0003 (0.0007)
Female (d) −0.022 (0.019) −0.014 (0.019) −0.015 (0.019) −0.0842*** (0.0242) −0.074*** (0.025) −0.082*** (0.025) −0.045*** (0.011) −0.042*** (0.011) −0.044*** (0.010)
Lab Size 0.0008** (0.0004) 0.0008** (0.0004) 0.003*** (0.0009) 0.003*** (0.0009) 0.0003 (0.0002) 0.0003 (0.0002)
Log Number of Publications 0.044*** (0.012) 0.051*** (0.012) 0.040** (0.016) 0.044*** (0.016) 0.019** (0.007) 0.022*** (0.0074)
Family Entrepreneur (d) 0.073*** (0.021) 0.073*** (0.021) 0.059** (0.026) 0.057** (0.026) 0.039*** (0.014) 0.038*** (0.014)
Peers value Science (index) −0.041*** (0.012) −0.0003 (0.016) −0.014* (0.008)
Peers value Patents 0.020*** (0.008) 0.035*** (0.010) 0.008* (0.005)
Peer value Awards 0.013 (0.008) 0.012 (0.011) 0.015*** (0.005)
Degree in Management (d) 0.129 (0.109) 0.131 (0.107) 0.122 (0.106) 0.152 (0.120) 0.151 (0.118) 0.145 (0.119) 0.249** (0.111) 0.245** (0.109) 0.242** (0.107)
University (d) −0.0775*** (0.0212) −0.074*** (0.021) −0.074*** (0.021) −0.147*** (0.026) −0.139*** (0.026) −0.141*** (0.026) −0.035** (0.014) −0.033** (0.014) −0.034** (0.014)
Clinical Field (d) 0.0677*** (0.0193) 0.058*** (0.019) 0.052*** (0.019) 0.080*** (0.024) 0.069*** (0.024) 0.062** (0.024) 0.037*** (0.013) 0.032** (0.013) 0.028** (0.012)
Basic Field (d) −0.0346 (0.0228) −0.038* (0.023) −0.032 (0.023) 0.066** (0.028) 0.065** (0.029) 0.064** (0.029) −0.007 (0.014) −0.009 (0.014) −0.008 (0.013)
Engineering Field (d) 0.128*** (0.0282) 0.134*** (0.028) 0.126*** (0.028) 0.142*** (0.032) 0.148*** (0.032) 0.142*** (0.032) 0.091*** (0.021) 0.092*** (0.021) 0.088*** (0.021)
Other Field (d) −0.00985 (0.0268) −0.009 (0.027) −0.009 (0.027) −0.039 (0.035) −0.040 (0.035) −0.041 (0.035) 0.018 (0.019) 0.017 (0.019) 0.017 (0.019)
UK (d) 0.0149 (0.0191) −0.002 (0.019) 0.007 (0.019) −0.0928*** (0.024) −0.107*** (0.024) −0.098*** (0.024) 0.009 (0.012) 0.0006 (0.012) 0.005 (0.012)
Observations 2294 2294 2294 2294 2294 2294 2294 2294 2294
Chi2 185.5 218.4 237.6 254.4 281.9 298.2 167.4 184.9 200.1
Pseudo R2 0.082 0.096 0.105 0.083 0.091 0.097 0.121 0.133 0.144

Standard errors in parentheses; (d) indicates binary variable.
* p < 0.1.

** p < 0.05.
*** p < 0.01.
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significant. We investigated whether country effects impact the
size of the coefficients of our independent variables, given the
claims that the two countries have different ecosystems (Soskice,
1994). For example, Germany’s more coordinated economy fosters
C. Haeussler, J.A. Colyvas / R

Next, contrary to H9, our results suggest that the peers’
alue of scientific awards is positively related to the breadth
f commercial involvement. Scientists that perceive their peers
o value scientific awards are more involved in commerce.
verall the findings related to peer effects suggest that scien-

ists’ activity is swayed by the factors on which peers rely for
ecognition.

As for our controls, the coefficient of the Degree Manage-
ent variable is positive and significant in all models. We also

ound a strong negative coefficient on whether the scientists
re employed in a University compared to PRO’s, consistent with
ther studies (Czarnitzki et al., 2008; Gulbrandsen and Smeby,
005; Edler et al., 2008). Also, scientists who are active in clinical
nd engineering fields are more strongly engaged in commer-
ial activity. The coefficients of basic field and other field are not
ignificant. Lastly, working in the UK opposed to Germany is neg-
tively related to commercial activity. Hence, British scientists
how a lesser breadth of commercial activity compared to German
cientists.

.2. Different forms of engagement in commercial activity

Table 2b presents the impact of our predictors separately for
ifferent forms of academic entrepreneurship. Column 2 with Mod-
ls 1–3 presents the results for consulting, Column 3 with Models
–6 for patenting and Column 4 with Models 7–9 for founding. We
stimate a probit model given our binary dependent variables and
eport marginal effects (see Long and Freese, 2001).

We focus on whether our predictors exert different effects, as
isk and complexity increase with consulting, patenting, and found-
ng (H10). Our results, however, do not suggest that the size of
ffects increase when we move from the models with consulting as
he dependent variable to patenting and to founding. The effect size
or founding is only stronger for Peers value Science and Management
egree.

With regard to demographic characteristics we find that career
tage is significantly related to all three types of commercial activ-
ty. The size of the coefficient of the variable Professor is largest
or patenting and lowest for founding: professors are 12.5% more
ikely engaged in patenting compared to scientists below the level
f assistant professor (Model 6). Age is only significant and posi-
ively related to patenting once we include resource characteristics.
ge is significant for consulting and founding (Models 1 and 7),
ut loses significance when adding material or social resource vari-
bles and perceived values towards science. This may be because
f multicollinearity between Age and Lab Size (rho = 0.24) and Age
nd Log Number of Publications (rho = 0.46). The effects of mate-
ial resource variables trump the influence of age. The probability
f patenting increases by 0.5% for each additional year of lifetime
Model 6).

Gender strongly influences the probability of patenting and
ounding but not consulting. Male scientists are 8% more likely
atenting (Model 6) and 4% more likely founding (Model 9) com-
ared to females. If consulting is thought of the least costly form of
ommercial engagement, our results suggest that structural con-
traints on women are more relevant for the forms that are riskier
nd demand a higher level of time and commitment. The coefficient
f the Log Number of Publications has a positive and statistically sig-
ificant effect on the probability of all three activities. A 1% increase

n publications increases the probability of consulting by 5% (Model

) and patenting by 4% (Model 6) and being a founder by 2% (Model
). Hence, traditional academic publishing appears to coincide with
ll three forms of commercial activity. The Lab Size is positively and
ignificantly related to the probability of being a consultant and
nventor but has no statistically significant effect on founding. Sci-
ch Policy 40 (2011) 41–54 49

entists who are responsible for a large number of employees are
better able to spend their time or lab resources on consulting and
inventing compared to scientists with a few employees. It might
be that the lab resources can be spent on activities demanding a
lower level of time and commitment while founding requires the
allocation of one’s own workforce. Indeed, the size of the effect is
quite small: an additional employee increases the probability of
consulting by 0.08% and patenting by 0.3%. In a further specifica-
tion we test whether lab size has an inverted U-shape relationship
to commercial activity. The joint effects of lab size and its square
are significant in all models (Appendix D); the single effects are
not significant for founding. The employee turning point for con-
sulting is 100 and for patenting is 250, after which an additional
employee decreases the probability of consulting and patenting.
Our measure of Family Entrepreneur is a strong predictor for all
types of commercial activity: a scientist with an entrepreneurial
family member is 7.3% more likely to consult (Model 3), 6%
more likely to patent (Model 6) and 4% more likely to found a
company.

Our measures of peer recognition contribute explanatory power
that differs across forms of commercial activity. The extent to
which scientists perceive that their peers value patenting (Peers
value Patents) is a strong predictor for all three types of commer-
cial activity—most strongly affecting the likelihood of patenting,
followed by consulting and founding. The measure for the qual-
ity and impact of science, Peers value Science, is negative and
significant for consulting and founding, but is not significantly
related to patenting. Appendix D, Model 2 shows that the vari-
able Log Number of Publications exerts a moderating effect on
Peers value Science for consulting, but not patenting and found-
ing (Models 3 and 4). Hence, scientists with few publications are
more negatively influenced by the extent peers value science in
their consulting than scientists with many publications. One expla-
nation is that scientists with fewer publications who perceive a
greater reputational importance on the quantity and impact of
their work are less willing to dedicate time to consulting, while
high quality scientific patenting largely coincides with publica-
tion (Murray, 2002). The third measure of peers’ orientation, Peers
value Scientific Awards, is positively related to the likelihood of
commercial activity, but only significantly for founder. Interest-
ingly, the most binding form of commercial activity is influenced by
awards.8

Lastly, our control variables show differences among forms
of commercial activity. Management training is only significant
for founding. Interestingly, the coefficient of our dummy vari-
able for UK is only negative and significant for patenting, which
corresponds with studies emphasizing Germany as a “country of
inventors” with a higher patenting rate than the UK (van Beuzekom
and Arundel, 2006). German scientists are more likely patenting but
not more likely consulting or founding.

4.3. Additional specifications—country effects

We run additional specifications (available upon request),
reporting only those effects where the differences are notable or
8 In a further analysis (available upon request) we included the founders who
left university in the sample and found that the size and significance of several of
our proposed effects even increases. This suggests that the results of our study are
robust but that our study estimates a lower bound for the impact of public science
on the creation of academic spin-outs.
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less mobile workforce and also a more hierarchical manage-
ent structure in academia relative to the UK (Casper and Murray,

005; Haeussler, 2011; Lehrer et al., 2009). One might expect
tronger effects in Germany compared to the UK if commercial
ractices coincide with the social structure of science. However,
here engagement in commerce provides new opportunities to

ircumvent such structures, one might expect the magnitude of
he effect to be greater in the more mobile and less hierarchical UK
ystem. We interacted each independent variable with a country
ummy, finding only a few country differences. While the volume
iffers, the drivers of commercial activities are quite similar among
ermany and the UK. For the specification with the Commercial
ctivity Index as the dependent variable, we only find that the coef-
cient of the Log Number of Publications is significantly larger for
he British sample than the German sample (Chi2: 2.59, p = 0.02).
he past publication track record is more strongly influencing the
egree of commercial activity of British scientists compared to
erman scientists. In many respects, this finding corresponds to
laims that German scientists have a longer history of inventing,
hich likely links to other forms of academic entrepreneurship as
ell. The variable Professor remains significant for both countries,

lthough Age and Lab Size show only significant and positive coef-
cients for Germany. The differences in the sizes of the coefficients
re not significant. Finally, gender appears to matter for both coun-
ries, but with differences in the significance of the coefficient of
emale: 1% level for Germany and 10% level for the UK. The test of
ountry differences suggests no statistical difference in the size of
he effect.

In the models that examine consulting, patenting, and founding
eparately, Age lost significance for both countries when intro-
ucing resource and reputational values, except for patenting in
he German sample. Female remained negative and significant for
nventing and founding but not for consulting for both countries.
ab Size is significantly stronger for patenting for Germany com-
ared to the UK (Chi2 = 10.94; p < 0.001): scientists with more lab
mployees are more likely to patent in Germany, but the effects are
ot significant in the UK. The more hierarchical academic system in
ermany may enable heads of labs to more easily devote resources

o patenting (Lehrer et al., 2009). Finally, Family Entrepreneur looses
ignificance in the UK models for consulting and inventing, but not
ounding.

The variables associated with perceptual orientation toward
ublic or private science exhibited some country differences.
he value placed on scientific productivity is stronger in its
mpact on founding among German than UK scientists. Peers
alue Science is negative and significant for Germans, but pos-
tive and non-significant for British (Chi2: 5.57, p = 0.02). Peers
alue Awards is positive and significant for Germans and neg-
tive and non-significant for British (Chi2: 2.93; p = 0.09). One
xplanation is that the coordinated market economy in Germany
osters a less flexible labor market for skilled employees and

stronger embeddedness in peer groups (Casper and Murray,
005; Haeussler, 2011). Lastly, University is negative, signifi-
ant, and strongly related to the probability of patenting for UK
nd Germany, but more strongly for the UK. This finding sug-
ests larger differences between universities and PRO’s in how
hese organizations support entrepreneurship in the UK versus
ermany.

. Conclusion and implications
Our results provide a picture of three important ways scien-
ists engage in commerce. Our findings suggest that for the most
dvantaged academics, science and commerce go hand in hand,
s they are best poised to straddle the boundary between indus-
ch Policy 40 (2011) 41–54

try and academy. More senior, established, male academics, with
a larger stock of science and personnel are more engaged with
industry. But for the majority of UK and German life scientists,
the blending of public and private science is less clear, as we
find strong evidence that scientists perceive the value of patent-
ing differently, and the level of reputational importance placed
on scientific achievements bears an important association with
commercial engagement. These divergent views echo the con-
trasting values expressed by scientists in other studies, but we
document the role these opinions play in the context of sci-
entific careers and resources. Not surprisingly, those who hold
views that support proprietary science are also more likely to
engage in more diverse commercial activities. Support for public
science, however, triggers more complex responses and appears
mediated by accomplishment and careers. High reputational per-
ceptions about the quantity and impact of one’s science constrain
the range of commercial involvement, yet high reputational value
placed on awards supports some practices. Furthermore, scien-
tists with fewer publications appear to be most sensitive to peer
esteem and the importance of publications. Our results suggest
that past accomplishment moderates the impact of perceived
reputational value for more diverse portfolios of commercial
engagement.

Our findings also demonstrate that demographic and resource-
based attributes with the exception of gender, are most
consequential in consulting and patenting. We see that, although
women are less involved in starting companies, they are equally
active in consulting. It is possible that the less binding activ-
ity of consulting may not impinge on the same elements that
reproduce significant gender differences in academic science. Yet
consulting does require time and points to networks that have
been foundational in the claims about how women are disad-
vantaged relative to men (Huffman and Torres, 2002; Murray
and Graham, 2007). Founding, however, suggests a different pic-
ture, where seniority and lab resources do not have as much
predictive power. While patenting may not reflect a practice of
newly minted scientists with fewer lab personnel, founding sug-
gests that entrepreneurship is independent from lab size and
seniority.

We found modest differences between Germany and the UK,
despite the ramifications that distinctions in the organization
of R&D have on practice and managerial culture (Lehrer et al.,
2009). Regarding the breadth of commercial activity, we find a
stronger effect for prior publication record in the UK. We also
show patenting differences in Germany, being the province of
senior faculty with larger labs, whereas we find no significant
effects in these variables for the UK. One possible explanation
for these differences is that in Germany’s more hierarchical sys-
tem, scientists can mobilize human capital for entrepreneurial
opportunity, whereas accomplishment better explains commer-
cial engagement in the less hierarchical, more mobile UK. An
historical explanation also has merit as a more centralized Ger-
many bears a longer legacy of inventorship, which is in sharp
contrast to the more decentralized UK with a more flexible labor
market (Soskice, 1994; Casper and Whitley, 2004; Haeussler,
2011).

Research on commercial engagement by German and UK life
scientists is an important extension to a growing scholarship in
the US and Europe. Most research has focused on the US, with
analyses in other countries only beginning to proliferate and focus-
ing on innovations as the unit of analysis. We complement this

work by delineating the demography of commercial engagement
and examining how perceptions of values about public versus pri-
vate science correspond to different forms of TT. Our research
adds weight to the need to develop a “richer understanding of
how an activity can become embraced by many, but engaged
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n by (relatively) few” (Colyvas and Powell, 2009; Colyvas and
onsson, forthcoming). Our findings speak to the broader study of
niversity–firm relations, providing a test of multiple channels of

nteraction and examining ways in which reputational values and
eer esteem shape the kinds of linkages that industry and academic

nstitutions form. From a policy perspective, our findings also speak
o government and local incentives that have come to the fore-
ront of public effort and scrutiny, suggesting that more attention

ay be directed toward the character and distribution of differ-
nt kinds of relations rather than only the volume of innovative
utputs.

Lastly, we note several limitations of our study, which pro-
ide avenues for future research. First, we focus our analysis on
cientists who are able to integrate commercial practices into
he academy. In doing so our sample includes only those scien-
ists who have remained in the university or a PRO. While an
dditional specification in which we include scientists who left
cademia suggests robustness of our results, we refer the reader
o a strand of literature which is specifically interested in sci-
ntists leaving university to found a firm (e.g., Ding and Choi,
008). Second, despite our finding of a strong association between
ublishing and commercial activity, we do not assess whether
atenting spurs or deters the impact of publishing. We treat pub-

ication as the primary output of academic science and examine
he extent to which we can observe commercial activity as a
esult. Third, our measures of reputational values rely on self-
eport survey information, thus we are not able to distinguish
hether such perceptions are antecedents or results of exposure

o academic entrepreneurship. Finally, our study is restricted to
he life sciences and may not generalize well to other sectors,
articularly those industries that are less knowledge-intensive or
o not rely as much on public or university-based research. The
io-pharmaceutical sector field is very science oriented, and many

ndustrial inventions stem from research advances from university
abs.
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ppendix A. Correlations among dependent variables

1 2

1. Consulting 1
2. Patenting 0.273*** 1
3. Founding 0.268*** 0.283***

*** p < 0.01. A
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ppendix C. Ordered probit model: marginal effects

Variables Commercial Activity Index

=0 =1 =2 =3

Professora −0.183*** (0.029) 0.069*** (0.009) 0.079*** (0.014) 0.035*** (0.008)
Assistant Professora −0.002 (0.027) 0.001 (0.012) 0.0009 (0.011) 0.0003 (0.004)
Age −0.003** (0.002) 0.001** (0.0007) 0.001** (0.0006) 0.0005** (0.0002)
Femalea 0.082*** (0.024) −0.039*** (0.012) −0.032*** (0.00888) −0.011*** (0.003)
Lab Size −0.002*** (0.0005) 0.0008*** (0.0002) 0.0007*** (0.0002) 0.0003*** (0.00008)
Log Number of Publications −0.067*** (0.015) 0.030*** (0.007) 0.027*** (0.006) 0.0010*** (0.002)
Family Entrepreneura −0.094*** (0.023) 0.039*** (0.009) 0.039*** (0.010) 0.016*** (0.005)
Peers value Science (index) 0.030** (0.014) −0.013** (0.006) −0.012** (0.006) −0.004** (0.002)
Peers value Patents −0.039*** (0.009) 0.018*** (0.004) 0.016*** (0.004) 0.016*** (0.001)
Peers value Awards −0.021** (0.010) 0.0097** (0.005) 0.0097** (0.004) 0.003** (0.001)
Degree Managementa −0.234*** (0.087) 0.057*** (0.006) 0.113** (0.049) 0.064 (0.041)
Universitya 0.145*** (0.023) −0.057*** (0.008) −0.062*** (0.011) −0.026*** (0.005)
Clinical Fielda −0.080*** (0.022) 0.035*** (0.009) 0.033*** (0.009) 0.013*** (0.004)
Basic Fielda −0.011 (0.027) 0.005 (0.012) 0.004 (0.011) 0.002 (0.004)
Engineering Fielda −0.185*** (0.027) 0.064*** (0.007) 0.083*** (0.014) 0.039*** (0.008)
Other Fielda 0.016 (0.033) −0.007 (0.015) −0.006 (0.013) −0.002 (0.015)
UKa 0.056** (0.023) −0.027** (0.011) −0.022** (0.009) −0.008** (0.003)

a dy/dx is for discrete change of dummy variables from 0 to 1.
** p < 0.05.

*** p < 0.01.

ppendix D. Additional specifications

Coefficient Commercial Activity
Index (oprobit)
coefficient Model 1

Consulting (d)
(oprobit) marg. effects
Model 2

Inventor (d) (oprobit)
marg. effects Model 3

Founder (d) (oprobit)
marg. effects Model 4

Professor (d) 0.403*** (0.0769) 0.0728*** (0.0273) 0.113*** (0.0347) 0.0748*** (0.0213)
Assistant Professor (d) −0.00968 (0.0681) 0.00324 (0.0225) −0.0140 (0.0290) −0.00158 (0.0144)
Age 0.00966** (0.00381) 0.00170 (0.00122) 0.00528*** (0.00168) −0.0000396 (0.000746)
Female (d) −0.201*** (0.0603) −0.0108 (0.0193) −0.0817*** (0.0248) −0.0422*** (0.0103)
No. employees responsible 0.0164*** (0.00269) 0.00756*** (0.00128) 0.00544*** (0.00126) 0.00166** (0.000662)
Square (No. employees responsible) −0.00003*** (0.000006) −0.00004*** −0.000009 −0.00001*** −0.000003 −0.000006 −0.000004
Log Number of Publications 0.144*** (0.0378) 0.0369*** (0.0124) 0.0402** (0.0166) 0.0191** (0.00759)
Family Entrepreneur (d) 0.230*** (0.0577) 0.0679*** (0.0206) 0.0553** (0.0257) 0.0358*** (0.0136)
Peer valuing Science (index) −0.259** (0.110) −0.112*** (0.0370) −0.0628 (0.0485) −0.0338 (0.0230)
Peer valuing Science x Log Number

of Publications
0.0522* (0.0300) 0.0195** (0.00977) 0.0181 (0.0134) 0.00531 (0.00584)

Peer valuing Patents 0.0998*** (0.0235) 0.0205*** (0.00750) 0.0344*** (0.0100) 0.00810* (0.00455)
Peer valuing scientific awards 0.0537** (0.0249) 0.0126 (0.00812) 0.01 (0.0109) 0.0146*** (0.00497)
Degree in Management (d) 0.624** (0.253) 0.123 (0.107) 0.143 (0.119) 0.243** (0.108)
University (d) −0.337*** (0.0582) −0.0554*** (0.0206) −0.136*** (0.0260) −0.0289** (0.0135)
Clinical Field (d) 0.199*** (0.0556) 0.0482** (0.0188) 0.0605** (0.0245) 0.0263*** (0.0121)
Basic Field (d) 0.0403 (0.0671) −0.0277 (0.0222) 0.0664** (0.0286) −0.00654 (0.0129)
Engineering Field (d) 0.478*** (0.0709) 0.124*** (0.0281) 0.143*** (0.0324) 0.0863*** (0.0209)
Other Field (d) −0.0380 (0.0825) −0.0104 (0.0260) −0.0405 (0.0350) 0.0168 (0.0184)
UK (d) −0.123** (0.0586) 0.0223 (0.0195) −0.0932*** (0.0244) 0.00859 (0.0122)
Observations 2294 2294 2294 2294
Chi2 482.3 277.7 307.7 208.1
Pseudo R2 0.0960 0.123 0.0997 0.150

tandard errors in parentheses. (d) indicates binary variable.
* p < 0.1.

** p < 0.05.
*** p < 0.01.
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