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Specifically, we provide an understanding of the individual and departmental characte
that affect the research scientist's aspirations to engage in patenting and licensing, ind
science interactions, and the establishment of start-up companies. Building on institu
theory and self-efficacy theory in combination with human capital theory, we find that
up experience positively affects start-up aspirations, whereas patenting experience
researchers to foster patenting and licensing aspirations. At the organizational level, w
that enterprising norms of the research department positively affect the aspirati
engage in both industry–science interactions and patenting activities but not st
creation. Further, we find that scientific productivity positively moderates the relatio
between industry experience and industry–science interaction aspirations, but neg
affects the relationship between patenting experience and patenting and lic
aspirations. Our findings have important implications for academics and practitioner
as policy makers and technology transfer officers.
© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the l
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Over the past decade, there has been an incre
emphasis on the generation of commercial outcomes
university-based research (Ambos et al., 2008). Unive
have become more engaged in their so-called third miss
which they engage in entrepreneurship and eco
development, next to the traditional activities of researc
teaching (Etzkowitz, 2003; Rasmussen et al., 2006; W
et al., 2008). Subsequently, academic entrepreneurshi
increasingly become a popular research area (Etzkowitz,
2003; Mowery et al., 2002; Shane, 2003; Wright et al.,
Rothaermel et al., 2007; Siegel et al., 2007; Larsen, 2
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among others, the productivity and effectiveness of techn
commercialization (Owen-Smith and Powell, 2001, 2
university strategies (Feldman et al., 2002), university ince
and licensing revenues (Siegel et al., 2003), university pat
activity (Coupe, 2003), firm linkages to universities (Cohen
2002) and the creation and performance of university sp
(Link and Scott, 2005; Knockaert et al., 2011). What re
rather unexplored in the academic entrepreneurship litera
why some individual research scientists foster enterp
aspirations, while others do not.

Understanding enterprising and enterprising aspirati
an academic context is important as academic enterpris
stimulate economic activity, generate jobs, build ties be
universities and industry (Prodan and Drnovsek, 2010
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provide additional sources of financing to universities (Siegel
et al., 2007). Moreover, academia is a complex context inwhich

of th
c an
deed
earc
such
at th
otin
1996
008)
ed b
ansfe
o ha
et al

ndin
euria
2007
ever
orm
at ar
. W
risin
orm

ristics
tart
t wit
ercial
ustry
nsult
whic
thes

urshi

whic
entin
urthe
risin
tiona
ody o
es o
aniza

ansfe
ation
tiona
2012
repre

ets o
ethe

entar
et al
ctivit
er i
, hig
dustr
ustry
nt fo

patenting for which the highest patenting and licensing
aspirations are linked to researchers with higher levels of prior

y. We
nega-
ishing
urces.
n, we
ses on
rising
y, the
future

heory,
y the
tions.
tween
tions,
vidual
eafter,
ts the
rising

norms

ormal.
e and
ormal
ormal
etitive
s and
hange
ormal
taken-
other
ute to
pically
ms of
1945:
bols,

rough
ce of
have
upon
their
ion of
tends
ety to
ayek's
utines
t, and
e for
, they
ns, as
ansfer

of the
iswill

212 T. Erikson et al. / Technological Forecasting & Social Change 99 (2015) 211–221
research commercialization is difficult. At the heart
problem is the inherent tension between academi
commercial demands (Hackett, 2001; West, 2008). In
the thirdmission has to be integrated with traditional res
and teaching activities (Van Looy et al., 2011) and as
universities have to become ambidextrous organizations,
same time striving for research excellence and prom
research commercialization (Tushman and O'Reilly,
Birkinshaw and Gibson, 2004; Raisch and Birkinshaw, 2
Whereas organizational ambidexterity has been achiev
universities through the establishment of technology tr
offices, a tension resides at the level of the individual, wh
to engage in a range of activities simultaneously (Ambos
2008).

A large stream of research has focused on understa
individual characteristics as determinants of entrepren
aspirations (Lüthje and Franke, 2003; Souitaris et al.,
Thompson, 2009; Lee et al., 2011). In academia, how
researchers are embedded in departments. Department n
can play crucial roles in determining the behaviors th
valued and consequently affect individual behaviors
therefore contend that, in order to understand enterp
aspirations among research scientists, organizational n
should be considered alongside individual characte
Furthermore, we do not only focus on aspirations to s
business as the main commercialization route. Consisten
Wright et al. (2008), we include other important comm
ization routes such as patenting and licensing, and ind
science interactions (including contract research and co
ing). We assess individual and organizational factors
may drive the research scientist's aspirations to engage in
enterprising routes.

As such, our paper contributes to both entreprene
and technology transfer literatures.

First, it contributes to the entrepreneurship literature,
has mainly focused on start-up aspirations, by complem
these aspirations with other enterprising alternatives. It f
adds to this stream of research by showing how enterp
aspirations are shaped by both individual and organiza
determinants. As such, we provide more clarity to this b
work by showing that the stimulation of different typ
aspirations requires different sets of individual and org
tional characteristics.

Second, our research contributes to the technology tr
literature by indicating which type of enterprising aspir
in academia benefit from which individual or organiza
factors. As such, we respond to the call by D'Este et al. (
for research on academics' willingness to engage in ent
neurship to integrate organizational characteristics.

Finally, by studying the relationship between both s
activities, our research adds to the ongoing debate on wh
basic research and academic enterprising are complem
rather than competing activities (Larsen, 2011; Huang
2011). Generally, our study finds that scientific produ
and past enterprising experience reinforce each oth
predicting higher enterprising aspirations. Concretely
levels of scientific productivity together with more in
working experience are related to higher levels of ind
science interaction aspirations. The picture is differe
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patenting experience but with lower scientific productivit
reason that publishing, requiring public disclosure, can
tively affect patenting efforts, and that patenting and publ
activitiesmay competewith one another for time and reso

This article is structured as follows. In the next sectio
introduce our conceptual framework and build hypothe
how organizational and individual factors shape enterp
aspirations. We subsequently present our methodolog
results, and discuss the implications of our study for
research and practice.

2. Conceptual framework

We build upon institutional theory and self-efficacy t
in combination with human capital theory, to stud
determinants of research scientists' enterprising aspira
We first develop hypotheses on the relationship be
organizational characteristics and enterprising aspira
followed by the hypothesis development on how indi
characteristics can affect enterprising aspirations. Ther
we hypothesize about how scientific productivity affec
relationship between individual characteristics and enterp
aspirations.

2.1. The organizational perspective—the role of enterprising

North (1990) categorizes institutions as formal or inf
Scott (1995) groups institutions into regulative, normativ
cognitive pillars, of which the two latter refer to inf
institutions. According to Greenwood et al. (2008, p.4), inf
institutions are “more-or-less taken for granted rep
behavior that is underpinned by normative system
cognitive understandings that give meaning to social exc
and thus enable self-producing social order”. These inf
institutions are typically tacit, cognitive and normative,
for-granted social rules that govern people's behavior. In
words they serve as “the rules of the game” and contrib
shaping human interaction (North, 1990, p. 3); and ty
take the form of conventions, codes of conduct, and nor
behavior (Thornton et al., 2011). For instance, Hayek (
528) notes that “we make constant use of formulas, sym
and rules whose meaning we do not understand and th
the use of which we avail ourselves of the assistan
knowledge which individually we do not possess. We
developed these practices and institutions by building
habits and institutions which have proved successful in
own sphere and which have in turn become the foundat
the civilization we have built up.” Tsoukas (1996) ex
Hayek's understanding of distributed knowledge in soci
the firm, understood as an organization, and equates H
notion of institutions with the routines in firms. These ro
typically take the form of conventions, codes of conduc
norms of behavior. Such routines can be supportiv
enterprising endeavors, or they can be hindering. Often
come from subunit or departmental policies in organizatio
such serving as knowledge filters for knowledge tr
(Guerrero and Urbano, 2014).

We reason that if the norms of the organizational unit
research scientistwork in favor of enterprising behavior, th



positively affect the research scientist's enterprising aspirations.
When studying these informal institutions in academia, an
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important organizational level to consider is the depar
level. It is well acknowledged that not all research labora
within the same university engage in enterprising activi
the same extent (Wright et al., 2008; Gulbrandsen and S
2005). Studies at the organizational level have highlighte
importance of the subunit or department level (Bercovit
Feldman, 2008; Kenney and Goe, 2004) in understa
enterprising activities. Specifically, these studies have p
to the importance of workplace peers (Louis et al., 1989; K
and Goe, 2004; Stuart and Ding, 2006; Bercovitz and Fel
2008) in academic entrepreneurship. Emphasizing the i
tance of this organizational level in academia, Bercovit
Feldman (2008) label the department “the localized
environment”. We argue that research scientists work
departments or research laboratories with strong enterp
norms will have higher levels of enterprising aspiration
base this assertion on the fact that individuals are u
attracted by organizations with norms similar to their ow
the same time, organizations tend to hire applicants shari
organizations' norms (Schneider, 1987). Furthermore,
people join organizations, they are subject to sociali
activities such as mentoring and job training which rei
these norms (Van Maanen and Schein, 1979). Through
socialization processes, people change (or at least tweak)
self-concepts to be in line with organizations (Pratt, 2000
deepen the understanding of their roles (Pratt et al., 2
Subsequently, through attraction, selection, and rete
(Schneider, 1987) and through socialization (Jen-te, 2009
Maanen and Schein, 1979), employees tend to adopt
consistent with their organizations. Accordingly, we e
departments with stronger enterprising norms to have re
scientists with stronger enterprising aspirations:

Hypothesis 1. Stronger enterprising norms at depar
level will relate positively to start-up aspirations (H1a), ind
science interaction aspirations (H1b), and patenting aspir
(H1c).

2.2. The individual perspective—the role of domain s
experience

In building hypotheses at the individual level, we
upon human capital theory in combination with self-ef
theory. First, human capital theory indicates that g
human capital is associated with better performance
particular task (Becker, 1975; Dimov and Shepherd, 2
Specific human capital then refers to education and expe
within a particular activity (Becker, 1975; Ucbasaran
2003). Second, self-efficacy theory indicates that self-effic
an individual's beliefs about his or her (cap)ability to perf
given task (Gist and Mitchell, 1992). Bandura (1992) fu
suggests that the antecedents of self-confidence
individual's abilities to successfully perform specific
come from four key sources: mastery experiences, mod
social persuasion, and judgments of the own psychol
states. In this paper, we focus on mastery experiences,
can be seen as an important element of human capita
which appear to be fundamental in building self-ef
(Bandura, 2012). For these mastery experiences to in
t
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2009). Or, in linewith human capital theory, the human c
acquired should be sufficiently specific to the task if it is to
performance and self-efficacy. Following the relatio
between specific human capital and self-efficacy (Woo
Bandura, 1989), the importance of self-efficacy as an an
ent for aspirations (Baum and Locke, 2004) and the impo
of the similarity of the mastery experience and the subse
task (Knockaert et al., 2006), we expect that the ty
experience that matters will be different for each ty
enterprising aspiration. First, in line with research in
contexts, such as independent entrepreneurship (Zhao
2005) or corporate entrepreneurship (Lee et al., 2011
argue that start-up experience will positively affect res
scientists' start-up aspirations. That is because individual
a track record of setting up a business (or: entrepren
human capital) are more confident of their abilities to pe
well when starting up new firms, and this self-efficacy is
to spur their start-up aspirations. Second, we argue that
working experience (or: industry-related human capita
positively affect industry-science interaction aspirations.
many universities have taken initiatives to promote techn
transfer between science and industry (Phan and Siegel, 2
it is recognized that commercialization of research r
poses major challenges. Ambos et al. (2008) highligh
differences in time horizon between academic and ind
research, the fact that academia encourages know
dissemination, whereas the commercial sector seeks o
ship and tight control of IPR, and the incentives which
between academia and industry. As individuals gain
working experience, they may be more inclined to eng
industry-science interactions because they are familiar
the routines and working methods in industry. Finall
argue that research scientists with more extensive
experience in patenting activities (or patenting-r
human capital) will have higher levels of patenting
licensing aspirations. This is because patenting is comple
technical in nature (Jaffe et al., 1993) and individuals
higher levels of patenting experience will feel more con
of their abilities to succeed in future patenting and lice
activities. Subsequently, higher levels of prior pate
experience will lead to higher levels of patenting and lice
aspirations. Following the elaboration above, we offe
following hypotheses:

Hypothesis 2. Higher levels of domain specific experien
relate positively to aspirations to engage in these doma
particular, start-up experience will relate positively to st
aspirations (H2a), prior industry experience will relate pos
to industry-science interaction aspirations (H2b), and pat
experience will relate positively to patenting aspirations (H

2.3. Scientific productivity as a moderator in the exper
enterprising aspiration relationship

The recent pressure which has been put on re
institutions and scientists to combine both missions of sci
excellence and research commercialization has led to a d
on the benefits of uniting these objectives at the individual
to what extent is it beneficial for individuals to engage in



research excellence and commercialization activities? Two
contradictory research streams seem to emerge. A first stream
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posits that it is beneficial for research scientists to combin
types of activities. This is because research scientists excel
their research activities are more likely to identify breakth
opportunities (Franzoni and Lissoni, 2007). This vis
supported by studies that have found a positive relatio
between engagement in knowledge transfer activitie
research performance (e.g. Powers and McDougall,
Landry et al., 2006, 2007). A second research stream emph
that a combination of scientific and commercial goals
individual level may have some drawbacks. For ins
Buenstorf (2009) found that academics' publication
citations decreased once they became founders, and Too
Czarnitzki (2010) warn for the dangers of an academic
drain through spin-off creation.

In line with the first research stream and buildi
self-efficacy theory, we reason that scientific productivit
positively moderate the previously hypothesized relatio
between domain-specific experience and enterprising a
tions. This is because higher levels of scientific productivi
make research scientists feel more confident of their sci
abilities which are required for successful commercializa
technology. An academic researcher who has mainly g
experience in enterprising activities may only feel confid
his or her abilities to engage in enterprising activities
coupled with high levels of scientific output. For succ
commercialization of research to take place, both high le
scientific excellence and an enterprising mindset are n
(Knockaert et al., 2011). Consequently, a research sc
without any enterprising experience may not feel confid
his or her abilities to successfully commercialize res
Similarly, a research scientist who has not engaged in int
scientific research may not feel confident of his or her ab
to commercialize research, since it is unlikely tha
engagement in scientific research will lead to breakth
findings with commercialization potential (Azoulay
2007). This is very visible, for instance, in patenting, sin
ability to patent-protect research or inventions is
dependent on the novelty of the research results (Jaffe
1993). Hence, we expect that scientific productivity
positively moderate the previously hypothesized relation
between prior experience and enterprising aspiration
offer the following hypotheses:

Hypothesis 3. Scientific productivity will positively mo
the relationship between domain specific experience
aspirations to engage in these domains. In particular, sci
productivity will reinforce the relation between start-up e
ence and start-up aspirations (H3a), between industry w
experience and industry-science interaction aspirations
and patenting experience and patenting aspirations (H3c).

3. Research methodology

Our sample frame is the population of doctoral and
doctoral scientists in the natural sciences faculty o
University of Oslo, Norway. Our focus on younger scie
(doctoral and postdoctoral researchers) is inspired by th
that these new-generation researchers are, to a greater
than established researchers, faced with the cha
h
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2002; Ambos et al., 2008).
Data were collected in February 2010 through an

questionnaire. The data-collection phase was preceded
pilot phase from November 2009 to January 2010, d
which the respondents were also requested to p
comments on the questionnaire itself, allowing fo
refinement of the instrument. The survey population con
of 924 doctoral and post-doctoral researchers. They rece
request to complete the online questionnaire through
sent by the central administration and signed by the re
team and the ViceDean. The firstmailing resulted in a res
from 170 researchers, and was followed by a second
request one week later, which resulted in 112 add
responses. From the total of 282 responses, 79 were elim
due to incomplete data. This resulted in 203 useable que
naires for this paper—an effective response rate of 22 pe
T-tests indicated no significant differences between ear
late respondents in terms of age, postdocs versus do
researchers and the time they had been employed
university.
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We used three distinct types of dependent variables
study, measuring research scientists' a) start-up aspira
b) industry–science interaction aspirations, and c) pat
and licensing aspirations.

To measure start-up aspirations, we used the scale
oped by Linan and Chen (2009), asking the responde
indicate on a 7-Likert scale the extent to which they a
with the following statements (1 = disagree to a large e
7= agree to a large extent): 1) I am ready to do anything
an entrepreneur, 2) My professional goal is to becom
entrepreneur, 3) I will make every effort to start and ru
own firm, 4) I am determined to create a firm in the futu
have very seriously thought about starting a firm and 6)
the firm intention to start a firm someday. The Cronbach
of this measure is .94.

To measure industry-science interaction aspiration
used the following questions: How likely is it that: 1
will engage in collaboration with industry over the
2 years?, 2) You will engage in contract research
industry over the next 2 years?, 3) You will enga
consulting activities with industry over the next 2 y
and 4) You will generate revenues for your departme
working for/with industry?, with responses ranging f
(“unlikely”) to 7 (“likely”). The Cronbach alpha o
measure is .87.

To measure patenting and licensing aspirations, we
the following questions: How likely is it that: 1) Yo
apply for a patent over the next 5 years?, 2) You
license some of your technological developmen
industry over the next 5 years?, and 3) You will be
the owner of intellectual property rights (patent,
right, trademark,…) over the next 5 years? In meas
these patenting and licensing aspirations, we
employed a 7-point scale with “Unlikely” and “Like
extremes. The Cronbach alpha of this measure is .89



3.2. Independent and moderator variables
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3.2.1. Organizational level
Enterprising norms were measured using the followin

items: 1) The commercialization of research is one of th
objectives of my department, 2) The commercializati
research is encouraged by my department, 3) Research
my department engage in entrepreneurial activities, 4) F
in my department engage in entrepreneurial activitie
5) People in my department engage in business ven
activities. A 5-point scale ranging from “very untrue”
“very true” (5) was employed. The Cronbach alpha o
measure is .86. For each department, we calculated the av
score among the respondents and used these average scor
departmental measure because these reflect the per
shared enterprising norms in the various departments. W
calculated the intra-class correlation coefficients (ICCs) fo
department. The department of theoretical astrophysics w
only one with a score below .70, indicating some diverge
the opinions of respondents. Therefore, this department
only 7 respondents) was removed from further analysi
remaining eight departments had scores between .720 and
pointing to acceptable convergence in the opinions on
prising norms at departmental level. Subsequently,
eliminating the observations from the astrophysics depart
our total number of observations equals 203.

3.2.2. Individual level

3.2.2.1. Prior start-up experience. This variable was mea
using a dummy variable, indicatingwhether or not (value
the research scientist had previously started up or attemp
start up a company.

3.2.2.2. Prior industry working experience. This variablemea
the number of years of prior full-time working experienc

3.2.2.3. Prior patenting experience. This variable measure
number of patents that the research scientist applied fo
the past three years.

3.2.2.4. Scientific productivity. In order to measure this va
we asked the following question: Howmany academic a
have you published since you started your PhD studie
normalization purposes, we used the log of the num
articles in the analysis.

3.2.3. Control variables
Wecontrolled for a number of factorswhich could affe

dependent variables, including age and gender. Gende
coded 0 for women and 1 for men. Further, we controll
entrepreneurial self-efficacy, which has been found to s
cantly affect entrepreneurial intentions (Chen et al., 1998
et al., 2005). In order to measure entrepreneurial self-ef
we used the scale developed by Zhao et al. (2005) and a
How confident are you in successfully: 1) Identifying
business opportunities, 2) Creating new products, 3) Th
creatively, 4) Commercializing an idea or new developm
7-point scale from “no confidence” (1), to “complete
dence” (7)was used. The Cronbach alpha of thismeasure
Further, we integrated a control dummy indicating wh
e
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been employed at the university (measured in the num
years) and novelty of research findings. To measure nov
research results, we used the items developed by Landry
(2006), and asked respondents to score these on a 5
Likert scale (ranging from 1: “strongly disagree” to 5: “str
agree”): “What would be required for your research res
be used in the development of new or improved pr
processes or services?” 1) The use of newmaterials, 2) Th
of radical new technology, 3) The use of new prod
techniques, 4) Significant financial investments. The Cro
alpha of this measure is .79.

4. Results

Table 1 shows the descriptive statistics and correlatio
all variables. The average age of the respondents is 32 yea
per cent are men, 28 per cent are postdoctoral researcher
respondents on average had worked at the universi
3.24 years, and had on average published 6 academic ar
Fifteen per cent of the respondents had started up a com
earlier. On average they had 2.64 years of working expe
in industry. About 9 per cent of the sample had prior pate
experience. Research scientistswith this kindof experien
applied on average for one patent, with the maximum nu
of patents applied for equaling 4.

Table 2 shows the results of the main analysis. The va
inflation factors were below 10 (maximum value of 4.9,
VIF 1.8) indicating that multicollinearity was not an issue
et al., 2010).

First, the control models (models 1, 4 and 7) for each
dependent variables are statistically significant. We
entrepreneurial self-efficacy to significantly affect the
models. Given that the coefficient for entrepreneuria
efficacywas highly significant for all models, we carried o
same analyses without this variable as a robustness
While these analyses indicated that the explanatory pow
the models dropped, all models remained statistically s
cant and no changes in the conclusions at the level
explanatory variables were found. Furthermore, it was
that men tend to have significantly higher levels of st
aspirations than women (model 1), which confirms pre
research findings (Zhao et al., 2005). However, our finding
indicate thatmen andwomen donot differ significantly in
industry-science interaction aspirations and patentin
licensing aspirations. Finally, the control models for st
aspirations and industry-science interaction aspirations
significant results for scientific productivity, indicating
research scientists who are more productive in publishin
have higher levels of start-up aspirations and industry-s
interaction aspirations. Finally, model 7 shows that the
novel the research scientist's research findings, the high
patenting and licensing aspirations. This can be explain
the fact that novelty of the invention/technology is a p
uisite for patenting (Jaffe et al., 1993).

4.1. Results on hypothesized main effects

Using models 2, 5 and 8, we discuss our findings f
hypothesized main effects. First, we find that the departm



enterprising norms have a significant impact on two of the three
enterprising aspirations: stronger enterprising norms are related

cienc

interaction aspirations (Beta = .38, p b .01) and patenting and
licensing aspirations (Beta = .29, p b .01). We do not find these

art-up

Table 1
Descriptive statistics and Pearson's correlations (2-tailed).

Mean SD 1 2 3 4 5 6 7 8 9 10 11 12 13

1 Start-up aspirations 2.39 1.44 1.00
2 Industry-science interaction aspirations 3.74 1.54 .22⁎ 1.00
3 Patenting and licensing aspirations 2.92 1.60 .32⁎ .43⁎ 1.00
4 Age 32.15 6.15 -.08 -.02 .00 1.00
5 Gender .66 .48 .32⁎ .23⁎ .28⁎ .02 1.00
6 Entrepreneurial self-efficacy 3.84 1.30 .53⁎ .41 .49⁎ -.01 .29⁎ 1.00
7 Postdoctoral researcher .28 .45 -.12 -.05 -.02 .37⁎ -.03 -.12 1.00
8 Time at the university 3.24 3.19 -.02 .04 .00 .31⁎ .03 -.07 .32⁎ 1.00
9 Novelty of research results 2.77 1.05 .19⁎ .17⁎ .38⁎ .03 .12 .29⁎ .04 .02 1.00
10 Scientific productivity (log) -2.66 6.79 .08 .19⁎ .02 .34⁎ .12 -.01 .46 .41⁎ .08 1.00
11 Enterprising norms 2.61 .84 .15⁎ .28⁎ .33⁎ -.04 .20⁎ .41⁎ -.17 -.15 .14⁎ -.08 1.00
12 Prior start-up experience .15 .36 .35⁎ .17⁎ .12 .20⁎ .12 .34⁎ -.04 .03 .00 .15⁎ .14⁎ 1.00
13 Prior industry working experience 2.64 4.08 .09 .05 .06 .60⁎ .08 .08 .04 .23⁎ -.03 .11 .05 .14 1.00
14 Prior patenting experience .09 .40 .09 .11 .38⁎ -.03 .05 .10 .13⁎ .06 -.01 .08 .06 .09 -.02

Due to the binary nature of variables 5, 7 and 12, these correlations should be interpreted with care.
⁎ Pearson correlations are significant at p b .05, n = 203.
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to research scientists exhibiting higher levels of industry-s

Table 2

Results of hierarchical regression analysis on start-up aspirations, industry–sc

Start-Up A

Control variables Model 1
Age -.01 (.02)

Gender .41⁎

(.17)
Entrepreneurial self-efficacy .47⁎⁎⁎

(.08)
Postdoctoral researcher -.35+

(.21)
Time at the university -.02

(.04)
Novelty of research findings .06

(.09)
Scientific productivity .03⁎

(.01)
Enterprising norms (H1s)

Experience (H2s)
Prior start-up experience (H2a)

Prior industry working experience (H2b)

Prior patenting experience (H2c)

Moderating Effects (H3s)
Scientific productivity × start-up experience (H3a)

Scientific productivity × industry working experience (H3b)

Scientific productivity × patenting experience (H3c)

Constant term .75⁎

(.64)
Adjusted R2 .277
F-value 10.87⁎⁎⁎

N 203

⁎⁎⁎ p b .001
⁎⁎ p b .01
⁎ p b .05
+ p b .10
e enterprising norms to be significantly related to st
ience interaction aspirations, and patenting and licensing aspirations.

spirations (a) Industry–Science Interaction
Aspirations (b)

Patenting & Licensing
Aspirations (c)

Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9
-.06+ -.06+ -.00 -.03 -.03 .00 -.00 -.00
(.03) (.03) (.02) (.04) (.04) (.02) (.04) (.04)
.43⁎⁎ .43⁎⁎ -.04 -.13 -.17 .35 .27 .30
(.16) (.16) (.22) (.21) (.21) (.22) (.19) (.19)
.41⁎⁎⁎ .41⁎⁎⁎ .44⁎⁎⁎ .34⁎⁎⁎ .34⁎⁎⁎ .41⁎⁎⁎ .32⁎⁎⁎ .31⁎⁎⁎

(.08) (.08) (.08) (.09) (.09) (.08) (.08) (.08)
-.16 -.15 -.42+ -.31 -.34 -.22 -.30 -.28
(.22) (.22) (.24) (.27) (.26) (.24) (.24) (.25)
.00 .00 -.02 .01 -.01 .01 .01 .01
(.04) (.04) (.04) (.04) (.04) (.04) (.04) (.04)
.08 .07 .11 .11 .10 .40⁎⁎⁎ .40⁎⁎⁎ .39⁎⁎⁎

(.08) (.08) (.10) (.09) (.09) (.09) (.08) (.08)
.02 .02+ .05⁎⁎ .06⁎⁎ .06⁎⁎ -.01 -.01 -.01
(.01) (.01) (.02) (.02) (.02) (.02) (.02) (.02)
-.13 -.12 .38⁎⁎ .37⁎⁎ .29⁎ .30⁎⁎

(.12) (.12) (.14) (.13) (.11) (.11)

.87⁎⁎ .94⁎ -.10 -.05 -.10 -.14
(.29) (.44) (.28) (.28) (.25) (.25)
.06+ .06+ .04 .03 .00 .00
(.03) (.03) (.05) (.05) (.05) (.05)
.17 .16 .38⁎ .41⁎ 1.49⁎⁎⁎ 1.75⁎⁎⁎

(.18) (.17) (.19) (.18) (.31) (.23)

-.02
(.09)

.01+

(.00)
-.08⁎

(.04)
2.24⁎ 2.20⁎ 2.18⁎⁎ 2.40+ 2.28⁎ .12 -.31 -.19
(.90) (.89) (.74) (1.14) (1.12) (.68) (1.07) (1.08)
.319 .316 .185 .219 .223 .256 .393 .396
9.79⁎⁎⁎ 9.64⁎⁎⁎ 8.92⁎⁎⁎ 7.15⁎⁎⁎ 7.38⁎⁎⁎ 14.37⁎⁎⁎ 15.39⁎⁎⁎ 24.72⁎⁎⁎

203 203 203 203 203 203 203 203



aspirations. Therefore, we do not accept H1a, but we accept H1b
and H1c. Second, we find that prior experience has a large

viou
itivel
d tha
ed t
001)
prio

cienc
c, bu

ze th
used

d th
thei
les to
ice in
prob
essin
ce fo
003)
s tha
nship
tions
on fo
ation
cienc
ly, w
tivel
rienc

ns ar
prio
tivity
te th
cienc
of th
spira
ce. In

case of higher levels of patenting experience, patenting and
licensing aspirations benefit from lower scientific productivity.

ations
es of
line

demic
rising
action
t the
prior
foster
sights
ficacy
astery
ecific
ecific

art-up
tions,
likely
y, our
posi-

cience

rpris-
ns in
itively
terac-
ay be
rising
ed to
t to a
aused
drain
nt to
ereas
ustry-
rther-
n that
e that

217T. Erikson et al. / Technological Forecasting & Social Change 99 (2015) 211–221
impact on the different types of aspirations. In linewith pre
research,we find that prior start-up experience relates pos
to start-up aspirations (Beta= .87, p b .01). Further,we fin
more prior patenting experience is positively relat
patenting and licensing aspirations (Beta = 1.49, p b .0
We do not find confirmation for our hypothesis that
working experience in industry predicts industry–s
interaction aspirations. Therefore, we accept H2a and H2
we do not accept H2b.

4.2. Results on hypothesized interaction effects

Wenow turn to the third set of hypotheses, and analy
results of models 3, 6 and 9. To test these hypotheses, we
centered observations for scientific productivity an
different types of experience, calculated by subtracting
respective mean values and using these centered variab
calculate the interaction term. This is standard pract
multiple regressions to avoid potential multicollinearity
lems (Kutner et al., 2005). We used p b .10 for ass
significance as this cut-off value provides a better balan
type I and type II errors for moderating effects (Aguinis, 2
First, we do not find confirmation for our hypothesi
scientific productivity positively moderates the relatio
between prior start-up experience and start-up aspira
Therefore, we cannot accept H3a. We do find confirmati
H3b: scientific productivity positively moderates the rel
ship between prior working experience and industry-s
interaction aspirations. We therefore accept H3b. Final
reject H3c. We find that scientific productivity nega
affects the relationship between prior patenting expe
and patenting and licensing aspirations.

As Fig. 1 shows, industry-science interaction aspiratio
higher for higher levels of scientific productivity and
working experience. In the case of low scientific produc
higher levels of industry experience are unable to mitiga
negative impact of scientific productivity on industry-s
interaction aspirations. Fig. 2 shows that, irrespective
level of scientific productivity, patenting and licensing a
tions are higher for higher levels of patenting experien
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5. Discussion, implications and limitations

The above findings indicate that enterprising aspir
among scientists differ according to the levels and typ
previous experience and the departmental norms. In
with Wright et al. (2008), we use the notion of aca
entrepreneurship in a broad sense and split up enterp
aspirations in start-up aspirations, industry-science inter
aspirations, and patenting and licensing aspirations. A
individual level, our findings suggest that scientists with
exposure to enterprising activities are alsomore likely to
enterprising aspirations.We attribute these findings to in
from human capital theory, in combination with self-ef
theory, indicating that people who feel, through m
experiences, more confident that they can handle sp
tasks are more likely to have aspirations to engage in sp
tasks. In particular, we find that those with prior st
experience are more likely to foster start-up aspira
whereas those with prior patenting experience are more
to foster patenting and licensing aspirations. Interestingl
control models indicated that scientific productivity is
tively related to both start-up aspirations and industry-s
interaction aspirations.

At organizational level, our findings suggest that ente
ing aspirations among scientists differ due to variatio
salient informal institutions. Enterprising norms pos
predict patenting and licensing, and industry-science in
tion aspirations, but not start-up aspirations. This m
caused by the fact that, in departments with high enterp
norms, research scientists are to a large extent encourag
engage in industry-science or patenting activities, bu
lesser extent in new firm creation. This may in turn be c
by the fear that, in the event of new firm creation, a brain
takes place with good scientists leaving the departme
start new ventures (Toole and Czarnitzki, 2010), wh
researchers engaging in licensing, patenting and ind
science interactions typically stay in the department. Fu
more, our findings are consistent with the general notio
entrepreneurs are “norm breakers”. Our findings indicat
High Industry Experience

Low Scientific
Productivity

High Scientific
Productivity

tific productivity × industry experience.



those scientists who would like to spin-off a company do this
regardless of the surrounding culture and commonly-held
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norms. Although enterprising norms do not contribute
enhancement of start-up aspirations, they do en
patenting and licensing, and industry-science inter
aspirations. As such, salient enterprising norms in res
departments only contribute to the support of patentin
licensing, and industry-science interaction aspiration
start-up aspirations per se.

Finally, our results point to some interesting fin
related to the influence of scientific productivity. The lite
has so far remained inconclusive on the impact of sci
productivity on enterprising aspirations (Larsen, 201
differentiating between different types of enterprising a
tions, our findings provide insights into the role of sci
productivity. Notably, while we find positive, direct effe
this productivity on start-up and industry-science inter
aspirations, we also find scientific productivity to
important moderating factor. First, we find that sci
productivity significantly and positively moderates tha
tionship between prior industry experience and ind
science interaction aspirations. This may be explained b
fact that higher levels of scientific productivity p
researchers with higher efficacy beliefs in their abilit
successfully engage in these interactions. As researchers
on the frontier of their research domain, they feel
confident that the novelty and breakthrough nature o
research is of high relevance to industry and therefor
more confident that their technology or developed know
is of value to industry. Second, we find that sci
productivity negatively moderates the relationship be
patenting experience and patenting and licensing aspira
This may be explained by the fact that researchers often h
choose between patenting or publishing. As they publish
research findings, these become part of the public doma
therefore are no longer patentable (Nelson, 2001). Alterna
patenting andpublishing activitiesmay crowdout each oth
time and resources.

This paper makes a number of contributions to acad
practitioners just as policy makers. First, for academia, it
to the need and usefulness of not merely capturing st
aspirations but also assessing drivers of other typ
e
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ties, such as industry-science interaction or patentin
licensing activities. Second, it points to the need to int
both individual level and organizational levels in theo
and empirical models studying these aspirations. Henc
respond to the call by D'Este et al. (2012) for resea
combine individual and organizational determinants o
demic entrepreneurship. Finally, our research contribu
the discussion on the impact of scientific productivi
enterprising aspirations by providing insights into the
tions under which this productivity is beneficial to dif
types of enterprising aspirations. Here, we respond to L
(2011) who called for insightful research on the relation
between scientific excellence and enterprising activities.

Second, for practitioners – such as technology tr
officers, research managers and university management
for policy makers, it provides useful indications of
research scientists are more likely to foster enterp
aspirations. Given that universities have been confronted
decreased budgets and have been put under pressure to e
to a larger extent in research commercialization, this
provides indications of individual and organizational
characteristics that may be helpful in accomplishin
university's third mission. Further, our research show
research commercializationwillmost likely be a function
only the nature of the research scientists that unive
attract, but also of the existing culture of enterprising nor
such, it will be important to build such a culture, particul
order to generate aspirations for industry-science collabo
and patenting and licensing activities. It may also p
important indications pertinent to recruitment crite
universities, which are often strongly focused on the sci
track record of scientists. Our research shows that prior
academic) experience is important for enterprising ende
in academia. Moreover, this study indicates which facto
help universities to live up to the requirements of their
mission. Policy makers can benefit from the estab
important relationship between both patenting and st
experience and enterprising aspirations. In additio
assessing university performance using the traditiona
stick of scientific output, universities can also be assess



the extent to which they contribute to commercial successes
and patenting efforts. Finally, policy makers can develop
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university levels through building multi-level models.1 Third,
even though the number of scientific publications is a widely
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seems generally accepted for designs inwhich individuals are nested in groups
is a minimum of 30 units at each level of the analysis (Maas and Hox, 2005).
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enterprising aspirations among students by favoring pro
that allow students to engage in start-up firms, intern
business plan competitions, and patenting activities. Wh
did not study education, our highly significant results for
experience suggest that education can help research scie
become acquainted with commercialization activitie
thereby shape their enterprising aspirations.

Third, a theoretical implication is that the noti
‘enterprising aspirations’ is important because it re
relatively abstract human aspirations. As such, self-ef
theory (Bandura, 1997) is important. Such generalized
prising aspirations can, under certain conditions, emerg
more specific types of aspirations, as dealt with in this
For instance, Sarasvathy (2001: 249) writes that “chara
tics of decision makers, such as who they are, what they
and whom they know, form the primary set of mean
combine with contingencies to create an effect that
preselected but that gets constructed as an integral o
effectuation process. The effectuator merely pursu
aspiration and visualizes a set of actions for transformin
original idea into a firm-not into the particular predeterm
or optimal firm, but a very generalized aspiration of a firm
posit that aspirations conceptualized in this way can a
applied to a broader context than which has been the c
the entrepreneurship literature so far. That is, ‘enterp
aspirations’ are not only applicable to new venture cr
(which has been typically studied by entrepreneurial
tions researchers), but also to science-industry interac
and even patenting and/or licensing routes. This
important insight, yet an underexplored research doma
we contend, future research could take such a broader v
the starting point, because enterprising endeavors often
with an underlying (abstract or generalized) aspiration
may or may not transform into an enterprising aspiratio
not only into the more specific enterprising aspirations
with in this paper. For instance, in line with the frame
presented by Sarasvathy (2001), generalized entrepren
aspirations may also be the starting point for the develop
of not only new firms, but also new industrial market
even completely new industries as so vividly describ
Sarasvathy and Dew (2005; 2013). In order to under
emergence and social change, we need to know more
how these types of human aspirations are formed
nurtured. Hence, future research could seek to follow
enterprising aspirations over time not only are transfo
into new technology and new products, but also how the
transformed into new markets and industries.

While our study was the first to consider different ty
enterprising aspirations and to unite individual and org
tional determinants of these aspirations, our research also
number of limitations. First, our study was cross-sectio
nature. Future longitudinal studies can assess how enterp
aspirations are shaped over time. For instance, future s
could also show how changes in the departmental norms
these aspirations. Second, the study is based on data from
university. Although it is a relatively large university
multiple science departments, replications of these findi
other universitiesmay be fruitful. Alternatively, future res
could purposefully integrate the individual, departmen
s
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accepted measure of scientific productivity (Defazio
2009), future research can incorporate more fine gr
measures of the quality of the scientific work, by incorpo
the scientific level and the number of citations linked t
work. Fourth, we specifically focused on young research
these are more likely to develop their career capital a
consider diverse options due to uncertainty about which
track will be the most beneficial to them (Krabel and M
2009). In contrast, professors are typically more focus
establishing their reputation in the scientific communit
therefore less suited for our research objectives. Further
our focus on young researchers is warranted as employee
to learn the norms of the organization in a relatively
period of time. Typically, the length of time it takes
employees to understand the values and goals of the o
zation varies from eight weeks for clerical jobs, 20 wee
professionals, to greater than 26 weeks for exec
(Williams, 2003). Despite this variation, in most inst
employees acquire the necessary knowledge, skills
behaviors to become effective organizational members w
a year (Christiansen, 2010). While we purposefully focus
young researchers, future research could study enterp
aspirationswith tenured faculty, as such extending our fin
on the development of such aspirations in academia.

Finally, our study finds that scientific productivity m
ates the effect of human capital on aspirations. Howeve
organizational environment can also act as a barrier or faci
in this relationship. In other words, a positive indiv
perception about the organizational enterprising norms
moderate the relationship between an individual's specific
experience and the different types of aspirations. Add
analyses that we conducted, however, did not provide i
tions of such moderating effects. Nonetheless, future s
should continue to investigate organizational and indi
moderating effects on enterprising aspirations. Speci
future research could look into how other organiza
characteristics, such as climate and culture at the level
university departments and the overall university, in com
tion with individual characteristics, impact enterp
aspirations.

6. Conclusions

Our findings suggest that prior domain-specific expe
and enterprising norms in combination with scientific pr
tivity are highly related to scientists' enterprising aspiratio
this paper, we have shown when, why and how enterp
norms contribute to shaping scientists' enterprising a
tions. Contrary to our expectations, enterprising norms d
facilitate start-up aspirations, but facilitate both ind
science interaction aspirations and patenting and lice
aspirations. Second, building on self-efficacy and human c
theories, we have also shown when, why, and how do
specific experience contributes to shaping scie

1 Note that, when considering multi-level methodologies, discussio
on the number of observations needed per level. One rule of thumb



enterprising aspirations. Specifically prior domain-specific
experience influences the likelihood of favoring an enterprising
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future, and the level of industry-science interaction aspira
highest among those who are scientifically productive. B
these insights, we also found that the novelty of resea
associated with patenting and licensing aspirations onl
that prior domain-specific experience contributes t
forming domain-specific enterprising aspirations. Finall
have addressed the conditions under which scientists di
their enterprising aspirations. Building on insights
self-efficacy and human capital theories, we have also s
when and why such aspirations are shaped.
Acknowledgments

or hi
er lik
earc
sity o
ers fo

neers in

tion of
n. 108,

omes in

essorial
mputer

ital and
chVCs?
The authors would like to thank Godfrey Sendege f
assistance in the data collection. The authors would furth
to thank AnnikM.Myhre for helping us accessing PhD res
fellows, and postdoctoral research fellows at the Univer
Oslo. We are also grateful to the two anonymous review
their suggestions on earlier drafts of this paper.
References

uilfor

iversit
institu

tentin
Educ. 3

hroug
Action

mpan

efficac

ills an
7–598
.
zationa

ization

ividua
2.
efficac
316.
Hidde

ence o

patent

rs an
matter

orativ
ewor

capita
–22.
ffects o

of th

transfe
.

ionship
on and
Enterp.

pany?:
licy 38,

atistical

archers
anadian

ransfer:
ces and

science:

ns: the
tur. 26,

on of a
Theory

s of the
ies. Res.

ademe:
10–131.
thentic
efficacy.

odel of
nag. 33,

odeling.

patent:
iversity

ting at

rmance.

ns and
99–114.
tenting
connec-
Aguinis, H., 2003. Regression analysis for categorical moderators. The G
Press, New York, NY.

Ambos, T.C., Mäkelä, K., Birkinshaw, J., D’Este, P., 2008. When does un
research get commercialized? Creating ambidexterity in research
tions. J. Manag. Stud. 45, 1424–1447.

Azoulay, P., Ding, W., Stuart, T., 2007. The determinants of faculty pa
behaviour: demographics or opportunities? Acad. Manag. Learn.
289–292.

Bandura, A., 1992. In: Schwartzer, R. (Ed.), Exercise of personal agency t
the self-efficacy mechanismSelf-efficacy: Thought Control of
Hemisphere, Washington, DC, pp. 3–38.

Bandura, A., 1997. Self-efficacy: The Exercise of Control. Freeman andCo
NY.

Bandura, A., 2012. On the functional properties of perceived self-
revisited. J. Manag. 38, 9–44.

Baum, J., Locke, J., 2004. The relationship of entrepreneurial traits, sk
motivations to subsequent venture growth. J. Appl. Psychol. 89, 58

Becker, G.S., 1975. Human capital. Chicago University Press, Chicago, IL
Bercovitz, J., Feldman, M., 2008. Academic entrepreneurs: organi

change at the individual level. Organ. Sci. 19, 69–89.
Birkinshaw, J., Gibson, C., 2004. Building ambidexterity into an organ

Sloan Manag. Rev. 45, 47–55.
Buenstorf, G., 2009. Is commercialization good or bad for science? Ind

level evidence from the Max Planck Society. Res. Policy 38, 281–29
Chen, C.C., Greene, P.G., Crick, A., 1998. Does entrepreneurial self-

distinguish entrepreneurs frommanagers? J. Bus. Ventur. 13, 295–
Christiansen, S., 2010. Successful Onboarding: Strategies to Unlock

Value Within Your Organization. McGraw-Hill.
Cohen,W.M., Nelson, R.R., Walsh, J.P., 2002. Links and impacts: the influ

public research on industrial R&D. Manag. Sci. 48, 1–23.
Coupe, T., 2003. Science is golden: academic R&D and university

J. Technol. Transfer. 28, 31–46.
D’Este, P., Mahdi, S., Neely, A., Rentocchini, F., 2012. Invento

entrepreneurs in academia: what types of skills and experience
Technovation 32, 293–303.

Defazio, D., Lockett, A., Wright, M., 2009. Funding incentives, collab
dynamics and scientific productivity: evidence from the EU fram
program. Res. Policy 38, 293–305.

Dimov, P.D., Shepherd, D.A., 2005. Human capital theory and venture
firms: exploring “home runs” and “strike outs”. J. Bus. Ventur. 20, 1

Etzkowitz, H., 1998. The norms of entrepreneurial science: cognitive e
the new university–industry linkages. Res. Policy 27, 823–833.

Etzkowitz, H., 2003. Research groups as “quasi-firms”: the invention
entrepreneurial university. Res. Policy 32, 109–122.

Feldman,M., Feller, I., Bercovitz, J., Burton, R., 2002. Equity and technology
strategies of American research universities. Manag. Sci. 48, 105–121
s
d
s
d
d
e
n

n

s
e
h
f
r

d

y
-

g
,

h
.

y,

y

d
.

l

.

l-

y

n

f

s.

d
?

e
k

l

f

e

r

Regional Economic Development. Edward Elgar.
Gist, M.E., Mitchell, T.R., 1992. Self-efficacy. A theoretical analysi

determinants and malleability. Acad. Manag. Rev. 17, 183–211.
Greenwood, R., Oliver, C., Sahlin, K., Suddaby, R., 2008. Organi

Institutionalism: The Sage Handbook. Sage Publications, London. U
Guerrero, M., Urbano, D., 2014. Academics' start-up intentions and kno

filters: an individual perspective of the knowledge spillover th
entrepreneurship. Small Bus. Econ. 43, 57–74.

Gulbrandsen, M., Smeby, J.C., 2005. Industry funding and university pro
research performance. Res. Policy 34, 932–950.

Hackett, E., 2001. Organizational perspectives on university–industry r
relations. In: Croissant, J., Restivo, S. (Eds.), Degrees of Compromis
University of New York Press, Albany, NY, pp. 1–21.

Hair, J.F., Black,W.C., Babin, B.J., Anderson, R.E., 2010.Multivariate Data A
A Global Perspective. 7th ed. Pearson Prentice Hall, NJ.

Hayek, F.A., 1945. The use of knowledge in society. Am. Econ. Rev. 35, 5
Huang, W.-L., Feeney, M., Welch, E., 2011. Organizational and ind

determinants of patent production of academic scientists and engi
the United States. Sci. Public Policy 38, 463–479.

Jaffe, A., Trajtenberg, M., Henderson, R., 1993. Geographic localiza
knowledge spillovers as evidenced by patent citations. Q. J. Eco
577–598.

Jen-te, Y., 2009. Facilitating or inhibiting newcomer socialisation outc
international hotels. Tour. Hosp. Res. 9, 325–339.

Kenney, M., Goe, W., 2004. The role of social embeddedness in prof
entrepreneurship: a comparison of electrical engineering and co
science at UC Berkeley and Stanford. Res. Policy 33, 691–707.

Knockaert, M., Lockett, A., Clarysse, B., Wright, M., 2006. Do human cap
fund characteristics drive follow-up behaviour of early stage high te
Int. J. Technol. Manag. 34, 7–27.

Knockaert, M., Ucbasaran, D., Wright, M., Clarysse, B., 2011. The relat
between knowledge transfer, top management team compositi
performance. The case of science-based entrepreneurial firms.
Theory Pract. 35, 777–803.

Krabel, S., Muller, P., 2009. What drives scientists to start their own com
an empirical investigation of Max Planck Society scientists. Res. Po
947–956.

Kutner, M.H., Nachtsheim, C.J., Neter, J., Li, W., 2005. Applied Linear St
Models. McGraw-Hill International Edition (5th). .

Landry, R., Nabil, A., Rherrad, I., 2006. Why are some university rese
more likely to create spin-offs than others. Evidence from C
universities. Res. Policy 35, 1599–1615.

Landry, R., Nabil, A., Ouimet, M., 2007. Determinants of knowledge t
evidence from Canadian university researchers in natural scien
engineering. J. Technol. Transfer. 32, 561–592.

Larsen, M.T., 2011. The implications of academic enterprise for public
an overview of the empirical evidence. Res. Policy 40, 6–19.

Lee, L., Wong, P.K., Foo, M.D., Leung, A., 2011. Entrepreneurial intentio
influence of organizational and individual factors. J. Bus. Ven
124–136.

Linan, F., Chen, Y., 2009. Development and cross-cultural applicati
specific instrument to measure entrepreneurial intentions. Enterp.
Pract. 33, 593–617.

Link, A.N., Scott, J.T., 2005. Opening the ivory tower's door: an analysi
determinants of the formation of U.S. university spin-off compan
Policy 34, 1106–1112.

Louis, K., Blumenthal, D., Gluck, M., Stoto, M., 1989. Entrepreneurs in ac
an exploration of behaviors among life scientists. Adm. Sci. Q. 34, 1

Lucas, W., Cooper, S., Ward, T., Cave, F., 2009. Industry placement, au
experience and the development of venturing and technology self-
Technovation 29, 738–752.

Lüthje, C., Franke, N., 2003. The ‘making’ of an entrepreneur: testing a m
entrepreneurial intent among engineering students atMIT. R&DMa
135–148.

Maas, C.J., Hox, J.J., 2005. Sufficient sample sizes for multilevel m
Methodology 1, 86–92.

Mowery, D.C., Sampat, B.N., Ziedonis, A.A., 2002. Learning to
institutional experience learning and the characteristics of US un
patents after the Bayh–Dole Act, 1981–92. Manag. Sci. 48, 73–89.

Nelson, R., 2001. Observations on the Post-Bayh–Dole rise of paten
American universities. J. Technol. Transfer. 26, 13–19.

North, D., 1990. Institutions, Institutional Change, and Economic Perfo
Harvard University Press, Cambridge, MA.

Owen-Smith, J., Powell, W.W., 2001. To patent or not: faculty decisio
institutional success at technology transfer. J. Technol. Transfer. 26,

Owen-Smith, J., Powell,W.W., 2003. The expanding role of university pa
in the life sciences: assessing the importance of experience and
tivity. Res. Policy 32, 1695–1711.

http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0005
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0005
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0015
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0015
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0015
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0020
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0020
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0020
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0440
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0440
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0440
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0025
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0025
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0035
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0035
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0040
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0040
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0045
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0050
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0050
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0055
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0055
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0060
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0060
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0065
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0065
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0070
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0070
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0075
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0075
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0080
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0080
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0095
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0095
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0095
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0085
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0085
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0085
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0100
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0100
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0110
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0110
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0115
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0115
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0120
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0120
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0445
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0445
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0445
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0125
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0125
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0450
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0450
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0135
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0135
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0135
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0140
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0140
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0455
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0455
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0455
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0460
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0460
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0150
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0155
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0155
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0155
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0160
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0160
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0160
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0165
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0165
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0170
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0170
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0170
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0175
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0175
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0175
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0180
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0180
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0180
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0180
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0185
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0185
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0185
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0465
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0465
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0190
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0190
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0190
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0195
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0195
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0195
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0200
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0200
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0205
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0205
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0205
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0210
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0210
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0210
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0215
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0215
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0215
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0220
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0220
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0225
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0225
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0225
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0230
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0230
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0230
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0235
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0235
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0240
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0240
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0240
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0245
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0245
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0250
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0250
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0255
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0255
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0260
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0260
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0260


Phan, P.H., Siegel, D., 2006. The effectiveness of university technology transfer.
Found. Trends Entrep. 2, 77–144.

nolog
ademi

anagin
.
ssiona
izatio

neuria

edent

romot
833.

rship:

al shi
Manag

mation

y-base
.
453.
CA.
rtunit

zationa
ices: a

es an
ce an

amme
ts? Th
–592.
e socia
cience

ficatio
Theor

ors an
.
iversit
–1614
uction

anagin
.

Ucbasaran, D., Lockett, A., Wright, M., Westhead, P., 2003. Entrepreneurial
founder teams: factors associated with member entry and exit. Enterp.

alis, E.,
niversi-
licy 40,

zational

s as the
1532.
p, New

anage-

reneur-

ersities'
diaries.

y in the
–1272.
ledge:
iotech-

at the
tre for
n from
essor at

adjunct
ational
, Small
nterests
fer and

gapore
He has
Journal,
gement
eory &
ing the

221T. Erikson et al. / Technological Forecasting & Social Change 99 (2015) 211–221
Powers, J., McDougall, P., 2005. University start-up formation and tech
licensing with firms that go public: a resource-based view of ac
entrepreneurship. J. Bus. Ventur. 20, 291–311.

Pratt, M.G., 2000. The good, the bad, and the ambivalent: m
identification among Amway distributors. Adm. Sci. Q. 45, 456–493

Pratt, M.G., Rockmann, K.W., Kaufmann, J.B., 2006. Constructing profe
identity: the role of work and identity learning cycles in the custom
of identity among medical residents. Acad. Manag. J. 49, 235–262.

Prodan, I., Drnovsek, M., 2010. Conceptualizing academic–entrepre
intentions: an empirical test. Technovation 30, 332–347.

Raisch, C., Birkinshaw, J., 2008. Organizational ambidexterity: antec
outcomes, and moderators. J. Manag. 34 (3), 375–409.

Rasmussen, E., Moen, O., Gulbrandsen, M., 2006. Initiatives to p
commercialization of university knowledge. Technovation 26, 518–

Rothaermel, F.T., Agung, S.D., Jiang, L., 2007. University entrepreneu
taxonomy of the literature. Ind. Corp. Chang. 16, 691–791.

Sarasvathy, S.D., 2001. Causation and effectuation: toward a theoretic
from economic inevitability to entrepreneurial contingency. Acad.
Rev. 26, 243–263.

Sarasvathy, S.D., Dew, N., 2005. New market creation through transfor
J. Evol. Econ. 15, 533–565.

Sarasvathy, S.D., Dew, N., 2013. Without judgment: an empiricall
entrepreneurial theory of the firm. Rev. Austrian Econ. 26, 277–296

Schneider, B., 1987. The people make the place. Pers. Psychol. 40, 437–
Scott, W.R., 1995. Institutions and Organizations. Sage, Thousand Oaks,
Shane, S., 2003. A general theory of entrepreneurship: the individual–oppo

nexus. New Horizons in Entrepreneurship SeriesEdward Eldar, UK.
Siegel, D., Waldman, D., Link, A., 2003. Assessing the impact of organi

practices on the productivity of university technology transfer off
exploratory study. Res. Policy 32, 27–48.

Siegel, D., Veugelers, R., Wright, M., 2007. Technology transfer offic
commercialization of university intellectual property: performan
policy implications. Oxf. Rev. Econ. Policy 23, 640–660.

Souitaris, V., Zerbinati, S., Al-Laham, A., 2007. Do entrepreneurship progr
raise entrepreneurial intention of science and engineering studen
effect of learning, inspiration and resources. J. Bus. Ventur. 22, 566

Stuart, T., Ding,W., 2006.When do scientists become entrepreneurs? Th
structural antecedents of commercial activity in the academic life s
Am. J. Sociol. 112, 97–144.

Thompson, E., 2009. Individual entrepreneurial intent: construct clari
and development of an internationally reliable metric. Enterp.
Pract. 33, 669–694.

Thornton, P.H., Ribeiro-Soriano, D., Urbano, D., 2011. Socio-cultural fact
entrepreneurial activity: an overview. Int. Small Bus. J. 29, 105–118

Toole, A., Czarnitzki, D., 2010. Commercializing science: is there a un
“brain drain” fromacademic entrepreneurship?Manag. Sci. 56, 1599

Tsoukas, H., 1996. The firm as a distributed knowledge system. A constr
ist approach. Strateg. Manag. J. 17, 11–25.

Tushman, M., O’Reilly, C.A., 1996. Ambidextrous organizations: m
evolutionary and revolutionary change. Calif. Manag. Rev. 38, 8–30
y
c

g

l
n

l

s,

e

a

ft
.

.

d

y

l
n

d
d

s
e

l
s.

n
y

d

y
.
-

g

Theory Pract. 28, 107–121.
Van Looy, B., Landoni, P., Callaert, J., van Pottelsberghe, B., Saps

Debackere, K., 2011. Entrepreneurial effectiveness of European u
ties: an empirical assessment of antecedents and trade-offs. Res. Po
553–564.

Van Maanen, J., Schein, E.H., 1979. Toward a theory of organi
socialization. Research in Organizational Behavior 1, pp. 1–89.

West, J., 2008. Commercializing open science: deep space communication
lead market for Shannon Theory, 1960–73. J. Manag. Stud. 45, 1506–

Williams, R., 2003. Mellon learning curve research study. Mellon Cor
York.

Wood, R., Bandura, A., 1989. Social cognitive theory of organisational m
ment. Acad. Manag. Rev. 14, 361–384.

Wright, M., Clarysse, B., Mustar, P., Lockett, A., 2007. Academic Entrep
ship in Europe. Edward Elgar Publishing, Cheltenham.

Wright, M., Clarysse, B., Lockett, A., Knockaert, M., 2008.Mid-range univ
linkages with industry: knowledge types and the role of interme
Res. Policy 37, 1205–1223.

Zhao, H., Seibert, S.E., Hills, G.E., 2005. The mediating role of self-efficac
development of entrepreneurial intentions. J. Appl. Psychol. 90, 1265

Zucker, L.G., Darby, M.R., Armstrong, J.S., 2002. Commercializing know
university science, knowledge capture, and firm performance in b
nology. Manag. Sci. 48, 138–153.

Truls Erikson is a professor of innovation and entrepreneurship
University of Oslo where he serves as the Director of the Cen
Entrepreneurship. He received his doctorate in business administratio
the University of Manchester, and served thereafter as an associate prof
the Norwegian University of Science and Technology (NTNU).

Mirjam Knockaert is an associate professor at Ghent University and
associate professor at Oslo University. She has published in intern
journals including Research Policy, Industrial and Corporate Change
Business Economics, Technovation, and Regional Studies. Her research i
are with high tech entrepreneurship and finance, technology trans
innovation.

Maw-Der Foo is an associate professor at the National University of Sin
and visiting professor at Ghent University and Nankai University.
published in leading journals including the Academy of Management
Journal of Applied Psychology, Management Science, and Strategic Mana
Journal. Maw-Der serves as an associate editor of Entrepreneurship Th
Practice and on the editorial review boards of several journals includ
Academy of Management Journal and Journal of Business Venturing.

http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0265
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0265
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0270
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0270
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0270
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0275
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0275
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0280
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0280
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0280
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0285
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0285
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0290
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0290
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0295
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0295
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0300
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0300
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0305
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0305
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0305
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0105
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0105
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0315
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0315
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0320
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0325
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0470
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0470
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0345
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0345
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0345
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0350
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0350
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0350
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0355
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0355
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0355
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0360
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0360
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0360
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0365
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0365
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0365
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0370
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0370
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0375
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0375
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0380
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0380
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0385
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0385
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0390
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0390
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0390
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0395
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0395
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0395
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0475
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0475
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0405
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0405
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0410
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0410
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0415
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0415
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0420
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0420
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0425
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0425
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0425
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0430
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0430
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0435
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0435
http://refhub.elsevier.com/S0040-1625(15)00189-4/rf0435

	Enterprising scientists: The shaping role of norms, experience and scientific productivity
	1. Introduction
	2. Conceptual framework
	2.1. The organizational perspective—the role of enterprising norms
	2.2. The individual perspective—the role of domain specific experience
	2.3. Scientific productivity as a moderator in the experience-enterprising aspiration relationship

	3. Research methodology
	3.1. Dependent variables
	3.2. Independent and moderator variables
	3.2.1. Organizational level
	3.2.2. Individual level
	3.2.2.1. Prior start-up experience
	3.2.2.2. Prior industry working experience
	3.2.2.3. Prior patenting experience
	3.2.2.4. Scientific productivity

	3.2.3. Control variables


	4. Results
	4.1. Results on hypothesized main effects
	4.2. Results on hypothesized interaction effects

	5. Discussion, implications and limitations
	6. Conclusions
	Acknowledgments
	References


