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Abstract

The commercialization of knowledge has become increasingly important for univer-
sities worldwide. Today, the acquisition of third-party funds, the filing of patents and
the foundation of spin-offs are seen as similarly relevant to other academic activi-
ties such as conducting research and teaching. Research has examined how univer-
sities can be supported in their transformation into entrepreneurial institutions and
shown that the business experience of scientists might foster the commercialization
of knowledge. However, research into the role of academic leaders in this process
is scant. In this study, we examine how far the business and scientific experience of
the head of department impacts the entrepreneurial activities of an entire department
team. Our results demonstrate that heads with business experiences positively influ-
ence the acquisition of third-party funds and the patent output of the whole depart-
ment. However, we found that the foundation of spin-offs is negatively affected by
these experiences. Our findings have important policy implications and suggest that
business experiences should be considered in the assignment of new heads when
reorienting universities into entrepreneurial institutions and restructuring university
funding. Yet, the business experience of academic leaders is not a panacea and has
its limitations.
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1 Introduction

The commercialization of knowledge has become increasingly important for uni-
versities worldwide. Concepts and theories like the entrepreneurial university
(Etzkowitz 2003), the third mission of universities (Pinheiro et al. 2015; Zomer
and Benneworth 2011) and the Triple-Helix (Etzkowitz and Leydesdorff 2000)
have been proposed to progressively transform universities into entrepreneurial
institutions. These entrepreneurial universities are closely linked to the demands
of industry, society and governments (Etzkowitz 2016) and are strongly advised
to diversify their funding streams (Slaughter and Leslie 2001; Tijssen 2006).
A further reason for this development is the decreasing willingness to publicly
finance universities due to scarce governmental resources and a continuous
increase in student numbers. Universities responded to this challenge by imple-
menting management tools primarily used in the private sector (Peus et al. 2015)
to increase efficiency (e.g. new public management; Leisyté and Kizniene 2006)
and further attempted to unlock additional financial facilities by actively promot-
ing and commercializing their knowledge.

In fact, all those approaches and theories demand a tremendous change in the
mindset of the university members and policymakers. In addition to teaching
and research, entrepreneurial activities come to the fore. Truth-seeking academ-
ics need to evolve into entrepreneurial actors capable of considering the practi-
cal implications of their research and matching their knowledge with the needs
of external partners (Elia et al. 2017; Etzkowitz and Viale 2010). The questions
arise how universities can successfully master this paradigm shift from a mere
scientific institution to an entrepreneurial university and how they can motivate
research teams to adapt their behaviour in that new direction.

Regarding the research performance of scientists, numerous findings empha-
size the role of leaders at universities. Goodall, for example, proved in several
studies that the scientific experiences and competences of academic leaders
enhance the scientific performance of their teams and institutions in the future
(Goodall 2006, 2009; Goodall et al. 2014). However, today’s universities are no
longer just research institutions. They behave like ‘firms’ and need to provide
their research outcomes to a ‘market’” where ‘customers’ like funding agencies
or private firms can buy these outcomes in return for funding (Etzkowitz 2003;
Ziman 1995).

Hence, if the scientific experience of academic leaders constitutes the research
performance of their research teams, labs or departments, what characteristics
are the premise for the success of an entrepreneurial university? There is rea-
son to assume that modern academic leaders must have both scientific and busi-
ness experience to counter the new requirements of entrepreneurial universities.
However, research in this regard is scant as previous studies for the most part did
not focus on team-level performances but mainly investigated whether the busi-
ness experience of individual researchers themselves inhibits or facilitates their
own scientific or entrepreneurial activities. Therefore, we take a closer look at
the question of how far previous scientific and business experiences of academic
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leaders impact the entrepreneurial performance of their entire research team. To
be more precise, we seek to identify how these specific experiences influence the
department’s capability to raise third-party funds, generate patents and establish
spin-offs.

To examine this relationship, we captured data from 219 academic leaders in
the natural and technical sciences in Austria and matched this information with
the entrepreneurial activities of the research team. Austria is an interesting case
to study as many universities have adopted entrepreneurial strategies in the last
decade, which has also been stimulated by the national research and education
policy (BMBWEF 2018). We combined data from different sources. Data about
the academic leaders (i.e. the heads of departments) came from their CVs and the
commercial register. Data about the departments’ research team were taken from
the biannual survey by Statistics Austria as well as the universities’ internal pub-
lication and patent databases. Finally, we conducted logistic and negative bino-
mial regression analyses to test our hypotheses and to determine the importance
of our variables.

The results show a positive relationship between business experiences of heads
and third-party funds of the departments. Furthermore, we found that both scientific
experiences and business experiences positively influence the patent output. How-
ever, regarding the creation of spin-offs, only the scientific experiences had a posi-
tive impact, while business experience surprisingly had a negative one. Our findings
have important policy implications and suggest that business experiences should be
considered in the assignment of new professors when reorienting universities into
entrepreneurial institutions and restructuring university funding. Yet, the business
experience of academic leaders is not a panacea and has its limitations, particularly
when transferring scientific knowledge into an actual business idea.

We contribute to the literature by developing a theoretical model regarding
academic entrepreneurial activities and by thoroughly investigating the relation-
ship of different forms of experiences of academic leaders on those activities.
This enhances the understanding of mechanisms underlying entrepreneurial uni-
versities and helps policymakers to develop an adequate environment in which to
foster universities’ entrepreneurial activities.

In the next section, we review the relevant literature, develop our theoretical
model and propose testable hypotheses. In Sect. 3, we describe the methods and data
used, before we present our results in Sect. 4. In Sect. 5, we discuss the main results
in the context of the literature and highlight implications for academia and practice.

2 Theoretical background and hypotheses development

Our research question consists of two elements—the entrepreneurial activities of
the departments (see Sect. 2.1) and the experiences of the heads (see Sect. 2.2).
Subsequently, we discuss the relevant literature of those elements before we com-
bine them to derive our hypotheses in Sect. 2.3.
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2.1 Entrepreneurial activities of departments

In contrast to traditional universities, entrepreneurial universities do not only fos-
ter teaching and research but also cope with societal and economical needs—in
other words, they deliver on their third missions (Jones et al. 2013). For this pur-
pose, entrepreneurial universities have to promote an entrepreneurial culture, stimu-
late relationships with industry and integrate managerial and market-related tools
(Tijssen 2006). Consequently, their members often need to collaborate with partners
from industry and government to mutually develop new knowledge and commercial-
ize it (Elia et al. 2017).

However, what exactly do we understand when we speak about the collabora-
tion with external partners and the commercialization of knowledge? Perkmann
et al. (2013) differ in their systematic literature review on university —industry rela-
tions between academic engagement and commercialization. They define academic
engagement as knowledge-related collaboration of academic researchers with non-
academic institutions, including contract research, consulting, and more informal
activities like simple ad hoc advice and networking. Commercialization, in turn, is
predominantly about exploiting academic inventions and reaping financial rewards
through patenting, licensing or founding academic spin-offs (Perkmann et al. 2013).

Another distinction was developed by Etzkowitz (2016), who includes a chrono-
logical perspective and differs between three phases of academic entrepreneurship:
in an initial phase, universities start to set their own priorities and to raise their own
resources; in the second phase, they actively commercialize their knowledge and
intellectual property; and in the third phase, universities seek to take a proactive
and strategic role in developing the innovative potential in their region, for example,
through the spin-off of new firms.

If we combine the classifications of Perkmann et al. (2013) and Etzkowitz (2016)
we can distinguish between commercialization in a narrow sense, which is about
actually selling scientific results and generating additional income, and commercial-
ization in a broad sense, which also includes actively promoting scientific results
and making them available and applicable to a (non-scientific) market. We obtain a
continuum of entrepreneurial academic activities with different degrees of commer-
cialization. As depicted in Fig. 1, on the one side of this continuum, informal activi-
ties like networking or ad hoc advice for industry partners are located, while on the
other side the founding of actual companies to make money is located.

In this article, we focus on those entrepreneurial academic activities that are
encompassed by Etzkowitz’s (2016) three phases of academic entrepreneurship,
since these activities are relevant indicators for the entrepreneurial development of
a university. In fact, the acquisition of third-party funds, the filing of patents and the
foundation of spin-offs have become important criteria for the careers of researchers
and academic leaders. However, many researchers have raised profound concerns
about these developments and questioned the increasing dominance of entrepreneur-
ial approaches and goals at universities. For example, Subotzky (1999) discuss that
the focus on market demands influences research and teaching priorities to orient
more towards commercializable disciplines and issues (e.g. science and technology
versus social sciences and humanities, applied research and short-term orientation
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Fig. 1 Continuum of entrepreneurial academic activities. Classifications are based on Perkmann et al.
(2013) and Etzkowitz (2016)

versus basic research and long-term orientation). This bears the risk of tremendous
consequences on organizational culture, funding, faculty behaviour or scientific
practices (Subotzky 1999). There is also a rich debate on whether entrepreneurial
activities and industrial engagement have a negative impact on the research produc-
tivity of researchers. While some authors find that faculties with industrial support
publish at least as many scientific articles as their colleagues (e.g. Gulbrandsen and
Smeby 2005), others report that researchers publish less over their career as a whole
(Lin and Bozeman 2006). Furthermore, it is also argued that universities might lose
some of their autonomy due to increasing corporate influence and dependency on
additionally acquired resources (Armbruster 2008; Subotzky 1999). Another criti-
cal aspect is brought up by Goddard et al. (2012), who state that entrepreneurial
universities may focus too strongly on the regional issues, economies and innova-
tion systems, which, however, should not be the primary interest of an international
university. Concluding, the aim to become an entrepreneurial university has many
downsides and inherent risks and is not a generic strategy that can and should be
adopted by all universities.

2.2 Experiences of the heads of departments

Many universities have taken various actions among students (Packham et al. 2010;
Secundo et al. 2017) and staff members to raise awareness of the demands of entre-
preneurial universities. Today’s universities need scientists that live the entrepre-
neurial spirit and embrace change (van Vught 1999). However, how can universities
foster this spirit and who is capable of initiating this shift?

To answer this question, we have to bear in mind that universities are considered
as professional organizations (as defined by Mintzberg 1980). The formal and infor-
mal power in these organizations is mainly located in the operating units (in our
case the departments), where the professionals (in our case the scientists) work rela-
tively freely of the administrative hierarchy and autonomously of other colleagues
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(Mintzberg 1980). Consequently, ‘strategic’ demands of distant policymakers, poli-
ticians or administrative personnel are unlikely to be successfully realized if they
do not find the support of the professionals themselves. To find this support and to
initiate organizational change, a leader must be, in fact, an expert oneself (Mintzberg
1980).

In other words, if scientists are required to ‘act more entrepreneurially’, the lead-
ers who are best equipped to successfully manage this shift must be credible in both
scientific as well as entrepreneurial matters. Based on these considerations, we
assume that the heads of departments are those individuals who are close enough
to be accepted as experts and consequently are capable of initiating change by pro-
viding a good example. In particular, when implementing changes and merging the
individual scientific autonomy with new organizational needs, the heads of depart-
ments play a crucial role (Bergner 2015). Similarly to the private sector, they are
responsible for the actual transformation, have to develop plans accordingly, must
provide resources and should motivate staff (Peus et al. 2015). And, of course, today
they increasingly have to merge scientific capabilities with business-oriented and
market-driven forces (Tijssen 2006).

Therefore, to set a pattern for the scientific and business performance of their
research team, the heads of departments must yield two abilities: first, scientific
experiences as the essential basis to create new knowledge and inventions; and sec-
ond, business experiences to properly evaluate the commercial potential of new find-
ings. In the remainder of this section, we take a closer look at those competences
before deriving our hypotheses.

2.2.1 Scientific experiences of heads of departments

Generally, experience refers to an individual’s previous exposure to domain-spe-
cific roles and activities (Dragoni et al. 2011). Scientific experience, in particular,
denotes existing practical knowledge, skill or practice derived from direct partici-
pation in scientific activities. Such scientific activities are, for example, designing
and executing scientific studies or publishing research results. The latter, in particu-
lar, often serves as proxy for the capabilities and scientific experiences of research-
ers, for which reason it is considered as one of the most relevant key performance
indicators in the scientific community and included in many well-known university
rankings (Aguillo et al. 2010; Buela-Casal et al. 2007). The aggregated number of
publications is also often associated with research productivity (Gonzalez-Bram-
bila and Veloso 2007). Moreover, publications are known to be an important way
of communicating with industry partners as they allow companies to identify areas
of expertise within universities (Arundel and Geuna 2004; Gonzalez-Brambila and
Veloso 2007).

There exists multiple evidence that the scientific experiences of heads of depart-
ments impact the scientific performance of subordinate scientists and research
teams. Most notably, Goodall performed several investigations in that context,
which all demonstrated the important role of the scientific abilities and experiences
of academic leaders in the research performance of their institutions in later dec-
ades (Goodall 2006, 2009; Goodall et al. 2014). These results are in accordance with
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Mintzberg’s (1980) ‘professional organizations’, where leaders must themselves be
acknowledged experts in their field in order to have power and to maintain the sup-
port of the professionals.

However, the impact of the scientific experience of leaders on the entrepreneurial
performance of departments is less investigated as recent studies mainly focus on
scientists in general and not on leaders. Nevertheless, these studies allow impor-
tant conclusions for our research questions too, namely that there is a relationship
between scientific experience and entrepreneurial activities. There exists a consider-
able body of literature investigating which researchers are most likely to be involved
in entrepreneurial activities and in how far these activities positively or negatively
influence their research and teaching performance. Some authors, for example,
argue that scientists worry that the collaboration with industry might impact their
academic productivity and career. For example, Lee (1996) found that especially
scientists in top universities fear negative consequences resulting from too close an
industry — university collaboration as it might interfere with their core values educa-
tion, research and integrity. Consequently, this might result in a negative relation-
ship between scientific experience and entrepreneurial activities. Gulbrandsen and
Smeby (2005), in turn, found neither a positive nor a negative relationship and a
number of studies showed a mainly positive relationship between research perfor-
mance and entrepreneurial activities: in their literature analysis, Perkmann et al.
(2011) come to the conclusion that, generally speaking, scientists with a higher
publication output also excel at patenting and academic entrepreneurship. However,
they also assert that the relationship between research quality and different forms of
entrepreneurial activities—see our continuum of academic entrepreneurial activities
in Fig. 1—might vary and need more research.

Taken together, literature largely suggests a positive relationship between the
scientific experience of scientists and different kinds of entrepreneurial activities.
However, there is less evidence regarding to what extent the experience of the head
of department impacts on the entrepreneurial output. Therefore, in this study we
address this gap by examining the scientific experiences of heads in relation to a
broad spectrum of academic entrepreneurial activities, namely third-party funds,
patents and spin-offs.

2.2.2 Business experiences of heads of departments

In a similar vein to scientific experience, business experience is understood as exist-
ing practical knowledge, skill or practice derived from direct participation in busi-
ness activities. Such business activities include, for example, founding and own-
ing a firm, holding management positions, or working in industry in general (see,
for example, Lin and Bozeman 2006). In entrepreneurship research, previous work
experience has received much attention as it has been found to influence different
kinds of business-relevant activities, such as the recognition of opportunities (Shane
2000), the generation of new business ideas (Gabrielsson and Politis 2012) or the
intention to start a business (Kim et al. 2006; Zapkau et al. 2015).

Generally, business experiences should help to properly evaluate the commer-
cial potential of new findings, support trust-building measures in collaboration with
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non-academic partners and help to establish a cooperative culture and mutual lan-
guage. Therefore, it is not surprising that scholars found evidence suggesting a posi-
tive relationship between the business experience of researchers and different kinds
of entrepreneurial activities. In their study of Norwegian professors, Gulbrandsen
and Smeby (2005), for instance, revealed that academics with strong relationships
with industry report more frequent entrepreneurial results (e.g. patents, spin-off
companies and involvement in consulting work). In another study by Dietz and
Bozeman (2005) it was shown that business experiences in industry had a strong
positive impact on the patent productivity of scientists. They argue that the inter-
sectoral changes in jobs provide access to new social networks, therefore suggesting
an indirect effect. Consequently, Siegel et al. (2003) recommend that universities
that wish to foster commercialization need to encourage informal relationships and
social networks. In this context, it is assumed that more diversity in work experi-
ence facilitates the building of new competencies and skills, fosters networks and
relationships, enables access to knowledge gatekeepers and increases productivity
as a result thereof (see the ‘diversity hypothesis’ as discussed in Dietz and Bozeman
2005).

Summing up, there is reasonable evidence that the business experience of sci-
entists directly and indirectly impacts their entrepreneurial activities. Unfortunately,
research is mostly silent on whether the business experience of heads of depart-
ments have similar effects. Harvey et al. (2002) emphasize that leaders of successful
research groups, in general, are central to generating funding, providing access to
their social network and establishing an entrepreneurial environment. Moreover, the
authors assert that today’s leaders face a more business-oriented environment and
therefore the skills needed to be an effective leader have changed.

Based on the existing literature, we claim that business experience positively
relates to different kinds of entrepreneurial activities. Similarly to the previous sub-
section, we assume that the heads of departments play a crucial role in this matter.
However, again, relevant evidence is missing, which is why we address this issue
and examine the relationship between the business experience of heads of depart-
ments and the entrepreneurial performance of their departments (i.e. third-party
funds, patents and spin-offs).

2.3 This study

In the previous two subsections, we reviewed the literature on entrepreneurial activi-
ties of universities and the impact of scientific and business experiences on these
activities. We first developed the continuum of entrepreneurial academic activities
(see Fig. 1, Sect. 2.1), depicting different degrees of commercialization of these
activities. We then decided to focus our study on third-party funds, patents and spin-
offs, as they are, according to Etzkowitz (2016), particularly relevant indicators for
the entrepreneurial development of a university. Subsequently, we saw that scientific
and business experiences of scientists can increase their entrepreneurial activities.
However, what is not yet clear is the role of heads of departments and the ques-
tion of to what extent these heads can influence the development of their team’s
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entrepreneurial activities and whether their scientific or business experiences influ-
ence the performance in that regard.

Based on the assumptions of Mintzberg (1980), we suggest that heads of depart-
ments must be experts in those areas they demand from their subordinates. Hence, if
heads require individual team members or their entire team to enhance entrepreneur-
ial activities, we claim that business-related experiences of the leaders come to the
fore and therefore assume that third-party funding, patent output and spin-offs are
positively influenced by said experiences. To complete our research setting, we also
test how important the scientific experience of heads is in this context, as we assume
that their scientific abilities are essential to creating new knowledge and inventions.
Combining these considerations, we suggest the following hypotheses:

e Third-party funding

o Hypothesis la: Business experience of heads of departments has a positive
impact on the level of private third-party funding.

o Hypothesis 1b: Scientific experience of heads of departments has a positive
impact on the level of private third-party funding.

e Patent output
o Hypothesis 2a: Business experience of heads of departments has a positive
impact on the patent output.
o Hypothesis 2b: Scientific experience of heads of departments has a positive
impact on the patent output.
e Spin-offs
o Hypothesis 3a: Business experience of heads of departments has a positive
impact on the creation of spin-offs.
o Hypothesis 3b: Scientific experience of heads of departments has a positive
impact on the creation of spin-offs.

Our conceptual model, which comprises the continuum of academic entrepre-
neurial activities and relates them to the hypotheses discussed above, is depicted in
Fig. 2.

3 Methods and data
3.1 Sample

This study is part of a larger research project investigating different drivers of
entrepreneurial activities at universities and is based on a sample of 219 university
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Fig.2 Conceptual model

departments in natural and technical sciences from 10 public Austrian universities'.
We decided to focus on these disciplines as in both fields external funding has grown
considerably in the last two decades and nowadays plays a crucial role (BMBWF
2018), suggesting reciprocal interest in the collaboration between industry and
university departments. In terms of the organizational and governance structure of
Austrian universities, departments can be considered as relevant units of observa-
tion. These departments have a large autonomy, are requested to strategically steer
development and typically have 2040 employees. The faculties or schools of the
universities are usually too big and heterogeneous to compare them and to analyse
the impact of various input variables on the output.

We considered the development of the departments over a period of three years
between 2013 and 2015 and selected those departments that had the same head of
department over this period of time, which was the case for 77% of a total of 270
natural and technical sciences departments from the 10 universities. As the turnover
is rather small, we did not take into account those departments that changed their
heads. In Austria, the recruitment of the heads of departments is the responsibil-
ity of the universities. There exist no laws or governmental rules about the required

! University of Vienna, University of Graz, University of Innsbruck, University of Salzburg, Vienna
University of Technology, Graz University of Technology, Montanuniversitit Leoben, University of Nat-
ural Resources and Life Sciences of Vienna, University of Linz, University of Klagenfurt.
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qualifications of heads, so the universities can determine their own rules. However,
today many universities consider leadership or business experience in the appoint-
ment of professors (e.g. Vienna University of Technology, University of Graz), fol-
lowing the trend that already integrates these qualifications and experiences in the
job specifications of a professorship (Rybnicek et al. 2016).

3.2 Data collection and measurement

We collected data from various sources to determine our dependent and independent
variables. A complete list of these variables, including their source, can be found in
Appendix A.

Regarding the heads of departments, the measurement business experience cov-
ered different qualifications from the CVs and the commercial register. We analysed
CVs on the department webpages but also on additional Internet sites in order to
ensure up-to-date CVs. For the analyses, we developed a coding system to collect
data regarding business experience (excluding positions at universities, non-govern-
mental organizations and public institutions). Additionally, we included data from
the Austrian commercial register to check whether heads of departments have served
as managing directors, owners, supervisory board members or authorized represent-
atives of a company. In this context, we analysed the type and duration of position.
For the subgroup, for which we were able to collect the exact number of years, we
additionally ran all relevant statistical tests. These tests delivered no evidence of dif-
ferent results or a specific effect of the length of business experience and hence we
finally used a dummy variable for measuring business experience. In addition, we
identified the age of the heads of departments, which served as control variable. The
scientific experience was assessed by the scientific publication output of the heads
of departments. We used the reporting system for Austrian universities, which is
defined by law, and collected data from the public research portals of the universi-
ties. We developed a measure encompassing articles in journals, monographs, edited
books and proceedings and used full counting. We collected the number of total
publications for the heads of departments for the years 2013-2015 and calculated
the mean. We then calculated a dichotomous variable with those heads that belong
to the top 25% in terms of the publication output, investigating the impact of the
top performers. We normalized the number of publications taking into account the
discipline.

Regarding the entrepreneurial activities of the departments, the measurement
private third-party funding was derived from R&D expenditures survey conducted
biannually by Statistics Austria. We used the data of the 2013 and 2015 surveys
and calculated the mean for the 3-year period. This survey is obligatory for all uni-
versity departments and collects data about the departments, their heads, scientific
disciplines, research foci, the number of scientific team members of the department
(measured as full-time equivalent) and additional characteristics such as length of
employment and education, R&D expenditures and origin of financial resources (for
more information about the survey see Statistics Austria 2017). We used the amount
of private third-party funding as a percentage of the total funding and generated
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three groups: group 1: no private third-party funding (25% of all departments);
group 2: between 0 and 15% third-party funding (50% of all departments); group
3: above 15% private third-party funding (25% of all departments). Third-party pri-
vate funds cover funds from private organizations, with enterprises being the most
important source. The number of patents is disclosed by the internal reporting sys-
tem for Austrian universities (see the previous paragraph) and we used the total
number of patents granted to team members of the department between 2013 and
2015. To collect data about the created spin-offs we contacted the departments by
mail and phone. We counted all spin-offs where at least one scientist of the depart-
ment was involved as a founder.

3.3 Data analysis

Considering the different types of variables, we conducted logistic and negative
binomial regression analyses. As the private third-party funds did not meet the
assumption of normality to conduct an OLS regression, we hence used a binary var-
iable, distinguishing the top 25% from the remaining rest and employing a logistic
regression. In addition, the number of patents, which served as dependent variable
in one hypothesis test, had a highly skewed count data and revealed overdispersion.
We thus ran a negative binomial regression model for studying the patent output.
The variables location (Vienna), discipline (technical sciences), type of univer-
sity (technical university), publication performance of the head of department (top
group) and business experience were binary variables coded with O (without the
defining characteristic) and 1 (with the characteristic). For the dependent variable
spin-off we used a dichotomous variable indicating whether the department gen-
erated no or at least one spin-off between 2013 and 2015. When integrating these
dichotomous independent variables in the logistic regression and negative binomial
regression models, the first category coded as O served as reference group. The list
of all variables and their description can be found in Appendix A. We controlled for
size, discipline and age, which should have an impact on the output, according to
the literature (e.g. Carayol and Matt 2006; Fabel et al. 2008). For the variable age,
we also calculated the squared value in order to control for any possible non-linear
effects (Bolli and Somogyi 2011). In addition, we used the location of the university
(=Vienna) as control, took into account the discipline (natural science versus tech-
nical sciences) and checked whether the departments belong to a technical univer-
sity. In order to differentiate between the disciplines, we used the ‘Austrian System-
atics of the Sciences’ (Statistics Austria 2013). Natural sciences cover six subfields
(e.g. mathematics, physics, biology) and technical sciences cover eleven subfields
(e.g. construction, mechanical engineering, electrical engineering).
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Table 1 Dependent variable:

private third-party funds of the Independent B Exp(®) P

b 008 S0 o
Scientific experience of the head 0.503 1.654 0.314
Business experience of the head 1.039 0.354 0.018
Size 0.023 1.024 0.103
Technical sciences 2.192 0.112 0.000
Technical university 0.171 0.843 0.730
Vienna —1.424 4.154 0.007
Age —-0.307 0.736 0.350
Age squared 0.003 1.003 0.376
N 219
Chi-square 54.023 0.000
Log-likelihood 165.707

4 Results

Descriptive statistics for the variables used in the study, including means, standard
deviation and correlation, are provided in the Appendix. With regard to our main
variables of interest, the business experience, the data revealed that among the 219
heads of departments, 103 had prior business experience. Fifty-six heads of depart-
ments belonged to the top 25% group in relation to their publication output. Fifty-
seven departments had published at least one patent and 28 departments had cre-
ated at least one spin-off between 2013 and 2015. Overall, 105 departments were
engaged in natural sciences and 114 departments belonged to technical sciences and
engineering. A total of 135 departments belonged to 1 of the 3 technical universities
and 79 departments were part of the three universities in Vienna.

4.1 Private third-party funding

To test hypotheses la and 1b dealing with the effect of business experience and
scientific experience on private third-party funding, we conducted a regression
model with the share of private third-party funds (Table 1). As the private third-
party funding variable was skewed and did not meet the requirements to run an OLS
regression, we conducted a logistic regression, splitting the departments into two
groups. We compared the departments that had private third-party funding belong-
ing to the top 25% group, which had more than 15% of the total research funding
financed by third-party funds, with the reference group. We were particularly inter-
ested in explaining the determinant for the success of the top performing depart-
ments and thus cut at 25%. Table 1 depicts the results of this analysis. We found a
positive coefficient for the effect of business experience on private third-party fund-
ing (b=1.039). The scientific experience of the department head had no significant
impact on the extent of acquiring private funds. The discipline explains the level
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Table 2 Dependent variable:

patents 2013—2015, negative Independent B Exp(®) P

binomial regression model Constant 15754 0.016
Scientific experience of the head 1.193 0.303 0.000
Business experience of the head 0.599 0.549 0.014
Size 0.049 1.050 0.000
Technical sciences 0.248 0.780 0.346
Technical university —0.959 2.609 0.000
Vienna —0.428 1.534 0.116
Age —0.635 1.888 0.009
Age squared —0.006 0.994 0.005
N 211
Likelihood-Ratio Chi-square 153.372 0.000

of private third-party funding (b=2.192), showing that technical sciences and engi-
neering departments have higher levels thereof. In contrast, size, age of the head of
department and type of university had no significant effect. Universities in Vienna
have lower levels of third-party funds (b=—1.424), which is partly explained by a
lower share of industrial companies located in Vienna. Thus, we found support for
hypothesis 1a, but had to reject hypothesis 1b.

We further analysed the data by conducting a nominal regression model with
three categories of the independent variable private third-party funding: group 1: no
private third-party funding (25% of all departments); group 2: between 0 and 15%
third-party funding (50% of all departments); group 3: above 15% private third-party
funding (25% of all departments). This model revealed that business experience has
a positive significant effect on the extent of private third-party funding when com-
paring those departments that have no private funds at all with the medium and top
private-funding group (not shown here). The coefficient was stronger for the top
performing group. Thus, among the group of departments that have not acquired
any private external funds, heads of departments are more likely to not have any
business experience either. The scientific experience of the department chair had no
impact in any comparison of groups tested.

4.2 Patent output

Due to the nature of the dependent variable number of patents, which was skewed,
we ran a negative binomial regression model to investigate potential predictors of
a department’s patent output (Hypotheses 2a and 2b). Table 2 depicts the results
with the main effect variables and control factors. The regression analysis shows
that business experience had positive coefficients (b=0.599). Thus, departments
with more experienced heads are more likely to publish patents, which provides
support for our hypothesis 2a. The scientific experience was positively correlated
with the patent output of departments, revealing that the top-experienced heads of
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Table 3 Dependent variable:

spin-offs of the department Independent B Exp(®) P

2013 —2015, logistic regression Constant ~10.695
Scientific experience of the head 0.785 0.456 0.086
Business experience of the head —1.035 2.815 0.035
Size 0.026 1.027 0.031
Technical sciences 0.313 0.731 0.550
Technical university 0.730 0.482 0.195
Vienna —0.347 1.415 0.470
Age 0.307 1.360 0.439
Age squared —0.003 0.997 0.441
N 219
Chi-square 16.576 0.035
Log-likelihood 150.866

departments are able to convert ideas that can be commercialized. We thus also
found support for hypothesis 2b.

The discipline and location of the university had no effect on the patent output
either. However, we found that the age of the head of department had a negative sig-
nificant effect and the size of the department a weak positive impact on the patent
output. Technical universities were less likely to file patents. To check the robustness
of the results we also conducted a logistic regression with a binary dependent variable
(having patents or not), which delivered similar findings and confirmed our results. We
assume that this result is mainly influenced by the case that many patentable inven-
tions of technical universities do not emerge in pure university research but are gen-
erated in the context of collaborations with external industry partners as particularly
technical universities are highly involved in applied research projects with companies
(BMBWF 2018). However, for such collaborative research, Schibany et al. (2013)
found that university researchers often perceive intellectual property right (IPR)
regulations to be realized to the advantage of companies, since they are more experi-
enced and have better negotiation power. Unsurprisingly, in the very same study some
interviewed representatives of the technical universities raised fundamental concerns
regarding IPRs and their importance. They concluded that IPRs for universities are
overrated as only a few universities obtain substantial patent income, while most uni-
versities do not have the capacities, resources and infrastructure to commercialize pat-
ents successfully. Therefore, and contrary to past efforts, technical universities might
have adapted their IPR strategies in the past and now allocate the filing of patents (and
associated costs and risks) to their more experienced and apparently more demanding
industrial partners while opting for other ways of compensation instead. For example,
researchers very often only insist on their roles as inventors to promote their scientific
career, while universities might settle for some kind of adjustment payment from their
industrial partners to subrogate IPRs (Schibany et al. 2013).
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4.3 Spin-offs

To test hypotheses 3a and 3b regarding the impact of business experience and scientific
experience on the creation of spin-offs, we ran a logistic regression model measuring
whether a department created one or more spin-offs or not. The statistics represented
in Table 3 reveal that business experience of the heads of departments had—contrary
to our proposition—a negative effect on the generation of spin-offs (b=-—1.035).
The scientific experience of the departments’ heads in contrast had a positive impact
(b=0.785) although only significant on the 10% significance level. The size of the
department showed a very weak effect and all other control variables indicated no
results. Thus, we had to reject hypothesis 3a but found some support for hypothesis 3b.

5 Discussion and conclusion

Entrepreneurial universities have to translate knowledge into economic activities
(Etzkowitz 2016), they have to deliver on their third missions (Jones et al. 2013),
foster relationships with industry and they have to integrate managerial and market-
related practices and tools (Tijssen 2006). Similar to other areas in the public sector
(see, for example, Poutanen and Kovalainen 2016), the adoption of business logic
will impact the universities’ habits of working, their structure, strategy and orienta-
tion. We assumed that leaders play a very crucial role in this transition. They are
responsible for the implementation of changes (Peus et al. 2015) and serve as impor-
tant role models in university —industry collaboration for their subordinate scientists
(Rybnicek and Konigsgruber 2019).

Our findings clearly show that academic leaders do not only influence the perfor-
mance of individual researchers but also of entire research teams. This result contrib-
utes to the scant literature on the influence of leaders on objective team performance
and is in line with Ceri-Booms et al.’s (2017) recent meta-analysis, which concludes
that a single leader can directly enhance team output. At this point we argue that a
leader’s impact on team performance might be stronger in research teams like those
investigated, compared to teams in other contexts. In general, leaders more strongly
enhance others’ performance when their tasks are rather complex, unstructured and
offer room for individual task designment (Elkins and Keller 2003). As complexity,
autonomy and reduced structure are common characteristics for describing the work-
ing conditions of research teams, the influence of academic leaders on their research
team’s output will be stronger than, for instance, the influence of production leaders
on the output of their production team. Keller (2006) provides initial support for this
assumption and shows that a leader’s behaviour more strongly enhances the output
quality of research teams compared to product development teams.

In the current study, we further demonstrate that the head of departments’ experi-
ences are important drivers for the entrepreneurial activities of an entire department.
Figure 3 summarizes our results: while business experience of heads positively
impacts the acquisition of third-party funds and the patent output of their depart-
ments, surprisingly it actually negatively influences the creation of spin-offs. The
scientific experience of heads, in turn, does not impact the departments’ acquisition
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Fig.3 Conceptual model and results

of third-party funds but positively influences the departments’ patent output and,
furthermore, the creation of spin-offs (although only by trend).

We suggest that leaders with such experiences are better equipped to join the
interests of industrial partners with those of academic members to bridge the cul-
tural gap between these very distinct areas. It is most likely that they earn more trust
from their team members as they are believed to have an in-depth understanding
of the needs of both industrial partners and academics. As shown by Braun et al.
(2013) academic leaders are able to influence team and individual work outcome
because they are trusted and are consequently accepted as role models. In conclu-
sion, more experienced leaders are trusted more, which is why they are more influ-
ential than their less experienced colleagues.

When reviewing the summary of our results in Fig. 3, our study largely supported
our assumptions and hypotheses with one relevant exception: we did not find evi-
dence that business experience of heads positively impacts the creation of spin-offs.
On the contrary, the effect was actually negative and thus somewhat surprising. We
had assumed that the entry threshold to set foot in the business world by founding
new ventures might be lower for departments with business-experienced heads. We
offer two explanations for this unexpected finding:

The first explanation refers to the so-called Dunning—Kruger effect. Kruger and
Dunning (1999) revealed a cognitive bias showing that people with lower abilities in
a certain task have overly favourable views of their own abilities and are, as a conse-
quence, more self-confident regarding their task performance. The very same deficits
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that lead them to make mistakes also nurture their inability to recognize those mis-
takes and acknowledge that their performance is poor (Dunning 2011). Many dif-
ferent studies on the Dunning—Kruger effect in diverse settings and environments
have proven this effect and come to the same conclusion: that strong performers are
more accurate in their judgement about success versus failure compared to their less
competent peers (Dunning 2011). With regard to our result that the business experi-
ence of heads in fact negatively influences the creation of spin-offs, this could mean
that, in accordance with our hypothesis, heads with prior business experience are
indeed more competent regarding the establishment of spin-offs, yet they are also
more accurate in judging their own or their teams’ abilities as well as estimating
the prospect of the commercial success of spin-offs than less experienced heads of
departments. As a consequence, the more experienced heads might rather refrain
from campaigning for the creation of spin-offs, which eventually results in the lower
numbers of spin-offs registered in our data. In fact, this assumption receives sup-
port from entrepreneurship research. Although most literature favours the idea that
entrepreneurial knowledge (e.g. through previous experiences or entrepreneurship
training) positively impacts the attitude for founding a company (see, for example,
the overview of factors influencing entrepreneurial intentions in Fayolle and Gailly
2015), there also exists contradictory evidence, namely that this knowledge can have
negative consequences on entrepreneurial intentions too. In a highly cited study by
Oosterbeek et al. (2010) it was shown that in leading entrepreneurship education
programmes the effect on the intention to become an entrepreneur was in fact nega-
tive. The authors argue that those programmes may have helped students to develop
a more realistic perspective on both what it takes to become an entrepreneur and on
their own skills. In a similar vein, Fayolle and Gailly (2015) found that entrepre-
neurship programmes at universities increased the intention of those who initially
had not planned an entrepreneurial career, but decreased that of participants who
had initially planned one. They assume that the former rather perceived the positive
dimensions, whereas the latter may have focused more on the limitations or chal-
lenges they had not seen till now. Summing up, it is not unlikely that department
heads with previous business experiences also have a more realistic perspective on
the existing competencies within the team, on the commercial potential of an inven-
tion and on the effort related to entrepreneurial activities. They might also better
identify inherent limitations, problems and risks, which eventually reduces their
optimism and their intention to establish a spin-off within the department.

The second explanation refers to experience-driven changes in motivation for
career decisions (Chan and Drasgow 2001). Heads with previous business experi-
ences most likely deliberately decided against a mere non-academic career. Their
experience in business actually might have triggered their wish to leave business and
transformed their primary work motivation—for instance, from wanting to achieve
high income (calculative leadership motivation; Felfe and Schyns 2014) to wanting
to find solutions for societal challenges (affective leadership motivation; Felfe and
Schyns 2014). Once they take up their leading role at the university, they do not want
to reverse or undermine their decision by founding or campaigning for a spin-off and
thus going back to business again. However, we have not collected information on
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the motivation of the department heads, which is why further investigations are nec-
essary to test this assumption in the future.

What implications can be drawn from our results? Taken together, in order to
commercialize knowledge, scientists must have both the knowledge and the capa-
bility to commercialize it. While the former is presumably influenced by scientific
experience, the latter is influenced by business experience. Therefore, if universi-
ties seek to foster their entrepreneurial ambitions and want to commercialize their
knowledge more intensively, they might focus on their staff’s business experiences.
Subsequently, we introduce some recommendations that we derived from our
results. These recommendations concern the universities’ leader recruitment, their
human resource development and their policies.

First, with regard to leader recruitment, our results overall suggest that research-
ers with previous business experiences from the private sector are very well equipped
not only in creating new knowledge but also in commercializing it. Therefore, uni-
versities should consider actively asking for business experiences in the appointment
of researchers and heads, respectively. Although, some universities already take this
approach (Rybnicek et al. 2016), this request might be seen to be very controver-
sial within the scientific community (please see the manifold critics regarding recent
developments in the context of entrepreneurial universities in our theory section).
Therefore, a very sensitive approach to balance scientific and business qualifications
is necessary. Ultimately, universities are still research institutions. Furthermore, in
recruitment processes, universities might also check how candidates’ career moti-
vation is influenced by their former business experiences. As already discussed, in
the case where their former business experience has actually triggered their wish
to leave industry and instead fostered their interest in academia, then their business
experience will most likely not translate into the expected benefits.

Second, with regard to human resource development in general and leadership
development in particular, universities might offer specific courses or programmes for
their researchers to help them acquire additional business experiences and to under-
stand the multiple roles of academic leaders as scientists, supervisors, network facili-
tators and entrepreneurs. As our results have shown, heads of departments do signifi-
cantly influence the scientific and entrepreneurial performance of entire research teams.
Therefore, to eventually fully exploit the teams’ performance, sufficient awareness
needs to be raised for the heads’ diverse scientific and non-scientific tasks and roles.
Even though this suggestion sounds fairly simple, the universities’ ambitions in that
regard might be undermined by the common thinking that academic leaders mainly
need to be respected researchers in order to become good leaders. Moreover, leadership
development programmes should also include networking activities. In particular, the
conjoint programme participation of academic leaders and business leaders from out-
side the university might be advantageous. This setting allows academic leaders to learn
from their business counterparts and might also help them to compensate for the lack of
former business experience by enhancing their social networks, which are considered as
vital to the commercialization of research (Dietz and Bozeman 2005).

Finally, with regard to the universities’ policies, our findings might be used to pro-
mote changes in relevant rules, regulations and procedures. Universities might adjust
their incentive schemes to enhance the researchers’ motivation to obtain additional
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business experience. This could be done, for instance, by revising current university
metrics (Etzkowitz 2016) and possibly allowing a reduction in publication output to be
compensated with other metrics or by incentivizing sabbaticals for short-term working
projects in the private industry. Such sabbaticals can help researchers to gain insights
from industry about specific problems and stimulate research as well as entrepre-
neurial ideas (Bloedon and Stokes 1994). In this context, universities are also required
to rethink their rules and guidelines regarding researchers having second jobs. Rigid
limitations seem counterproductive to the idea of supporting staff in the acquisition
of business experiences, while a too extensive industrial engagement might interfere
with staff performance in research and teaching. Therefore, it might be necessary to
more strongly consider the part-time employment of researchers to better enable the
combination of scientific and non-scientific jobs, not only in the early stages of an
academic career but also with professorships or other leading positions. Furthermore,
it is advisable to strengthen those academic career paths that not only stipulate job
changes within the university sector but also between sectors. Concretely, it must be
avoided that work experience in non-scientific jobs has severe consequences on aca-
demic careers. On the contrary, it seems worthwhile stipulating intersectoral mobility
through actively implementing those activities in academic career paths.

6 Limitations

When interpreting the results of this study one has to bear in mind its limitations. We
focused our research on natural sciences, technical sciences and engineering as those dis-
ciplines are known to be a primary focus of academic commercialization and entrepre-
neurial efforts at universities (Subotzky 1999), and further report sufficient third-party
income to allow statistical analyses (BMBWF 2018). Thus, our results might not be
generalizable for other disciplines and further research is needed. With this paper we
also have not studied possible moderating effects of university-specific factors, such as
university policies, entrepreneurship education programmes, university services or spe-
cific university strategies, which may explain in more detail the discovered effects on
the commercialization of research. However, all the universities studied have comparable
prerequisites and conditions as they are all public universities and rely on very similar
structures, strategies, services and policies. They were all driven by the Austrian educa-
tion and research policy to develop and implement entrepreneurial strategies and corre-
sponding services in the past decade. Thus, they have all established technology transfer
offices and further services to promote the commercialization of research results accord-
ing to these political requirements (see, for example, BMWFW and BMVIT 2016).
However, we have not collected data on these activities and therefore cannot make a
robust conclusion as to whether—despite similar basic conditions—university-specific
activities or services influence the investigated variables or not. We also refrained from
distinguishing the publications, either regarding the type of publication or regarding
some quality-related criteria. This decision was based on methodological considerations
proposed by Lin and Bozeman (2006), who conclude that eventually any kind of weigh-
ing is subjective and seems more appropriate for single-discipline studies. Moreover, we
have excluded heads of departments who did not consistently carry out their position
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from 2013 to 2015, though this could have had an influence on our results. Furthermore,
it was not possible to deal with dynamic effects. Such effects could occur, for instance, as
more efficient researchers might more successfully acquire external funds, which further
strengthen their capacity to publish and attract additional third-party funds. We have not
considered experiences either in the public sector or in non-profit organizations, as we
assume that entrepreneurial universities increasingly align with requirements, tools and
skills more commonly associated with the private sector. However, future studies might
investigate whether there are also significant effects for other sectors. We examined the
assumed relationships over a 3-year period. As many departments are of a considerable
size, with a number of researchers publishing and acquiring research funds simultane-
ously, we assume that the results are robust over time. In this context, we also ran some
models with a time lag between the explanatory and dependent variable, which revealed
no diverging results. However, time-lagged models might be used in future research to
better deal with the reverse causality problem. Furthermore, studying different catego-
ries of funding streams in more detail might be worthwhile in a future study.
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Appendices

Appendix A — List of variables

Independent Mean s.d min max source Description
Scientific experience 025 044 0 1 research portal publications, mono-
of the head graphs, edited books

and proceedings from
2013 -2015 (top

25%=1)
Patents 132 391 0 34 research portal number of patents from
2013 to 2015
Spin-offs 0.13 031 0 1 interviews at least one spin-off cre-

ated at the department
between 2013 and
2015
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Independent

Mean s.d

min max

source

Description

Business experience of

the head

Age

Private third-party
funding

Size

Technical sciences

Vienna

Technical university

0.47

55.05

0.25

16.33

0.52

0.36

0.62

0.49

7.20

0.43

15.40

0.50

0.47

0.48

0 1

38 75

0.00 1.00

1.01 101.35

CV, com-mercial
register

CV, commercial
register

Statistics Austria

Statistics Austria

Statistics Austria

Statistics Austria

Statistics Austria

including private sector
experience on the CVs
(after master/diploma
degree) and functions
according to the
commercial register
(supervisory board,
owner, manager or
authorized representa-
tives of companies)
(excluding university
jobs, non-governmen-
tal organizations or
other public positions)

category personal data
or data from the com-
mercial register

data from 2013 to 2015
(top 25%=1)

Number of research-
ers, data from 2013
to 2015

52% (114) of the
departments belong to
technical sciences and
engineering

3 out of the 10 universi-
ties are located in
Vienna, 79 depart-
ments (36%) are part
of the 3 universities in
Vienna

3 universities among
the 10 universities are
technical universi-
ties; 135 departments
(62%) belong to
one of the technical
universities
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