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Abstract

Entrepreneurial universities have gained increasing prominence across the globe and
are now engines for regional economic development. While a few, elite universities are
successful at developing and exploiting entrepreneurial capital, most universities have
achieved only modest results, even after changing organizational structures, incentive
systems and strategic priorities. Given this dichotomy, it is time for universities to exam-
ine how entrepreneurial education can play a greater role in shaping the entrepreneurial
university model to exploit its benefits. We argue that the two institutionalized metrics—
number of new firms formed and the amount of licensing revenue—used to evaluate per-
formance of entrepreneurial universities are not easily applicable to science and technol-
ogy entrepreneurship education. We integrate logic from stakeholder theory to provide
a framework for explaining the relationship between entrepreneurship education and the
formal and informal processes of technology commercialization within the entrepreneurial
university. In addition, we advance a set of questions and performance metrics to evalu-
ate entrepreneurial education initiatives inside of the entrepreneurial university. Thus, our
paper includes educational assessment metrics reflecting the needs of a wider variety of
stakeholders, including administrators, students, and technology commercialization offices.
We conclude with a discussion on the implications for this framework including future
research directions.
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1 Introduction

Many universities have adopted the emerging entrepreneurial university model,
whereby universities focus on economic development in addition to their teaching and
research missions. This model has fundamentally changed the structure, processes, and
for a select few, culture and mission of the university (e.g. Shane 2004). In fact, the
belief among many stakeholders is that by adopting a variant of the entrepreneurial
model, universities can be the fulcrum for the modern economy, which integrates dis-
parate innovation capabilities within the broader regional entrepreneurial ecosystem
(cf. Miller et al. 2014).

Declining funds from traditional sources have compelled many universities to seek
alternative revenue streams; these universities have placed a disproportional emphasis
on generating profits through entrepreneurship activities such as exploiting university-
invented technologies (Stuart and Ding 2006). Yet, this pivot towards including inno-
vation and economic development as equal priorities alongside research and teaching
has not been a seamless transition for many universities. The emphasis on rent gen-
eration has created tensions; a larger number of university stakeholders, often with
competing goals and interests, are now marginalized as they fight for limited university
resources (Bischoff et al. 2018). In addition, evidence suggests that many universities
seeking to generate higher levels of entrepreneurial activity have realized mixed results
(cf. Hayter et al. 2018; Perkmann et al. 2013). For example, some universities have
invested in new facilities and programs, while leveraging existing infrastructure—cent-
ers, incubators, science and technology parks, accelerators, etc.—to drive entrepre-
neurial activity and increase revenues (Chapple et al. 2005; Grimaldi et al. 2011; Mian
et al. 2012; Siegel et al. 2007).

In this critical review, we integrate logic from stakeholder theory to address the
challenges of migrating to and leveraging the entrepreneurial university model. Spe-
cifically, we provide a framework for explaining the relationship between entrepreneur-
ship education and the formal and informal processes of technology commercialization
within the entrepreneurial university. This is important given the growing incidence
of student-led entrepreneurship initiatives and the need to embrace greater variety in
academic entrepreneurship (Hayter et al. 2017; Siegel and Wright 2015; Wright et al.
2017). Thus, our guiding framework offers potential pathways for universities to weave
a greater number and more robust entrepreneurial education initiatives into their for-
mal academic entrepreneurship programs. Our framework refocuses on entrepreneurial
education to consider how process and metric-centric models shape university-based
entrepreneurial activities (cf. Rothaermel et al. 2007). This hybrid approach takes into
account formal and informal links between entrepreneurship pedagogy and entrepre-
neurial activities that we argue are necessary to improve commercial outcomes (cf.
Guerrero and Urbano 2012). One important advantage of a hybrid framework is that it
explicitly acknowledges the inherent differences across contexts (cf. Bae et al. 2014);
the entrepreneurial university is not as myopic as treated in the literature, and thus
needs a more flexible framework to achieve desired outcomes for its myriad of stake-
holders (cf. Gibb and Hannon 2006). Thus, the primary contribution of this study is
to advance a framework that provides potential performance metrics for universities
to evaluate the effectiveness of their entrepreneurship education activities, which will
berthe foundation-forrasstakeholdertheoryof entrepreneurial education and technology
commercialization.
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2 Stakeholders, entrepreneurship education and the entrepreneurial
university model

The shift in emphasis on rent-seeking behaviors and the demands of generating entrepre-
neurship-based revenues fundamentally change university-stakeholder relations, espe-
cially for those groups that receive little benefit from these activities. Research is only now
acknowledging the challenges universities confront related to expanded entrepreneurial
activities (e.g. Meek and Wood 2016). The primary challenge relates to the alarming intra
and inter-university disparities. The returns from entrepreneurial education and activities
such as technology transfer and commercialization are unevenly spread with much of the
gains concentrated in high profile academic units, and select universities located in fer-
tile local entrepreneurial ecosystems (i.e. Stanford University-Silicon Valley, Cambridge
University-Silicon Fen, MIT & Harvard-Route 128, just to name a few). Not surprisingly,
many universities struggle to identify and fully integrate their entrepreneurship “value
chain”. This is especially true of the universities that were late adopters of entrepreneur-
ial activities, and where the need for entrepreneurial education and activities alignment is
greatest. While disproportionate gains may not be surprising given elite universities’ inher-
ent resource and location advantages, they do call into question the long-term viability of
the entrepreneurial model at universities facing resource constraints (cf. Markman et al.
2008; Wright et al. 2004).

Despite the importance of entrepreneurial activities, there is still much to be learned
about the link between entrepreneurial education and technology commercialization activi-
ties. In fact, this research has generally examined entrepreneurship education and univer-
sity entrepreneurial ecosystems in relative isolation; entrepreneurship education typically
focuses on students, whereas technology commercialization describes the professor’s expe-
rience (for exceptions see; Bischoff et al. 2018; Guerrero et al. 2016; Hayter et al. 2018;
Siegel and Wright 2015). Following recent research, we argue that there is a symbiotic
relationship between entrepreneurship education, technology development, and entrepre-
neurial activities on university campuses (Bischoff et al. 2018; Nelson and Monsen 2014;
Phan 2014; Wright et al. 2017). If this is the case, then aligning entrepreneurial education
to entrepreneurial activities should be a university’s priority. It may be the critical piece to
reverse the negative returns from technology commercialization activities (e.g. Siegel and
Wright 2015). Achieving alignment starts with stakeholder engagement, with identifying
all pertinent internal and external stakeholders as the first step. Engaging stakeholders is
critical because of their competing interests and asymmetric influence. Hence the need for
robust metrics that satisfy each stakeholder groups’ objectives because appeasing stake-
holders retroactively is likely to intensify, not mute, the tensions among groups (Bischoff
et al. 2018; Matlay 2009).

Stakeholder interests diverge most acutely around ownership/control and time horizon,
which can make paths to commercialization highly contentious (e.g. Siegel and Wright 2015).
We argue that this context is ripe for the application of stakeholder theory as the theory seeks
to explain and predict how particular stakeholders or broad stakeholder groups can affect
and/or be affected by business activities in which they are involved (Freeman 2010; O’kane
et al. 2015). Scholars have only recently applied stakeholder theory to the technology transfer
domain (e.g. Bischoff et al. 2018; Fitzgerald and Cunningham 2016). This limited research
emphasizes the importance of collaboration within the broader entrepreneurial ecosystem in
whichr the university isrembedded (cfrBischoff et al. 2018; Kuratko 2005). Universities col-
laborate through various mechanisms, with the emphasis on engaging stakeholders early,
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articulating the goals and likely outcomes, and continuously building commitment through-
out the process. An important piece of this engagement relates to entrepreneurial education;
research suggests that gaining commitment from internal stakeholders, and collaborating with
external stakeholders enhances the efficacy of educational programs (O’kane et al. 2015). For
example, Bischoff et al. (2018, p. 31)) identified ten support categories for external stake-
holder involvement in entrepreneurial education ranging from design to supervision and feed-
back. Importantly, some stakeholders will opt to participate as students/faculty translate their
ideas from entrepreneurial labs (i.e. in the program) to new ventures (i.e. upon graduation).
Thus, the link between entrepreneurial education and stakeholder engagement is clear—entre-
preneurial activities are enhanced when universities leverage their stakeholders and build last-
ing relations.

Yet, research has not fully accounted for internal university stakeholders and potential intra-
organizational conflicts that make entrepreneurial education and commercialization integra-
tion more difficult. This paper acknowledges this gap by including an expanded set of internal
university stakeholders, and addressing associated issues that may affect entrepreneurial edu-
cation integration. For example, as many universities have transitioned to the entrepreneurial
university model they have changed their rent doctrines, defined as the incentive systems, poli-
cies, structures, and strategies that impact a research scientists desire to engage in university
controlled technology commercialization activities (Gianiodis and Brown 2012). The result of
this change sublimates value creation through technology transfer for rent appropriation from
the commercialization of university-owned technologies (Gianiodis et al. 2016). However,
university rent doctrines have often changed more rapidly than those of faculty researchers.
Thus, we argue that identity adaptations need to occur to align university and individual fac-
ulty rent doctrine (Meek and Wood 2016). This is especially true given that certain scientific
fields (i.e. medical sciences, mechanical engineering, chemical sciences, etc.) have developed
their own rent doctrines. These scientific fields and their academic units within the university
are enthusiastic about the change, but face resistance from other academic units that hold to
the long-held Mertonian norms of open science.

In the next section, we advance a framework that considers a scientist’s rent orientation and
the rent doctrine of her university and scientific field, which extends recent research related
to how role models and reward systems influence entrepreneurial attitudes in a given entre-
preneurial university (Guerrero and Urbano 2013). By examining these factors, we can also
understand how faculty mentors influence students’ attitudes towards entrepreneurship edu-
cation and participation in entrepreneurship and technology commercialization (Turner and
Gianiodis 2018). Research suggests that the way in which graduate students are socialized in
their educational program by faculty has a big impact on their own preferences towards the
acceptability and desirability of formal technology commercialization activities in their own
careers (Bercovitz and Feldman 2008). Thus, examining how certain stakeholders gain or lose
influence as part of the transition and establishment of an entrepreneurial university model
adds nuances to existing research on academic entrepreneurship within universities.

3 Frameworks for linking organizational resources and processes
to performance
Depending upon mission and values, organizations have adopted various frameworks to

link resources; processes and activities torrelevant outcome metrics for evaluating per-
formance (Scott 2003). These frameworks generally consider both economic (e.g. rents)
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and social (e.g. health) outcomes on an economic-social continuum that range from a pure
profit-oriented economic framework to one that has a societal focus, social framework.
Organizations choose the processes to acquire resources that align to their chosen perfor-
mance framework. While the alignment of organizational resources and outcome measures
can change over time, organizations generally retain core elements of the system to evalu-
ate performance (Siggelkow 2002). For example, non-profit hospitals have used strategic
alliances to create for-profit units to compete in a more dynamic industry environment;
however, they retain a social framework to serve their core mission (Brown et al. 2015).
Likewise, when family-owned firms go public via an IPO, they have to adapt to greater
financial scrutiny, but continue to value metrics related to family ownership such as control
and succession (Lietterstorf and Rau 2014). Below we compare operational frameworks
based upon several attributes including: strategic intent, operational focus, key stakehold-
ers, relevant performance measures, and governance challenges. Table 1 provides a sum-
mary of differences between the frameworks.

A university’s most important organizational resource is its human capital—faculty and
their students who conduct and disseminate research to their scholarly community. The
potential of scientists’ human capital is derived from training and experience—scientists’
educational background in terms of content, mentorship, etc.—shape their ability to create,
and importantly for universities, to monetize their inventions. Enhancing scientists’ human
capital through education is a dynamic capability that many universities possess. Histori-
cally, academic education and training has been science-centric—knowledge to enhance
scholarly pursuits and advance the scientist’s field of study (e.g. Shah and Pahnke 2014).
The gap in this program of study is clear—skills needed to commercialize inventions or
advance entrepreneurial opportunities are often not part of the educational experience.
Not surprisingly, universities that have adopted the entrepreneurial university model have
faced challenges bridging this “skills” gap, especially universities that were late adopters
or not embedded in robust entrepreneurial ecosystems (e.g. Wright et al. 2012). As univer-
sities expand beyond their founding mission, which emphasized knowledge creation and
its dissemination within an open science regime, addressing this skills gap is critical to
embracing the entrepreneurial model. However, many still rely on old modes of perfor-
mance management, which do not adequately link knowledge creating inputs to commer-
cial and non-commercial outputs.

3.1 Problems with current entrepreneurial university performance metrics

Prior research has emphasized the importance of two performance metrics: revenues from
licensing and other activities and new ventures or startups. While Audretsch and Keil-
bach’s (2004) definition of entrepreneurial capital consists of looking at the latter, the past
decades of research suggest that many universities have a preference and a propensity to
focus on licensing revenues to a greater extent than new venture formation (e.g. Markman
et al. 2005). These two metrics have become institutionalized; they represent the status
quo, or profit-orientation framework (POF) model, for assessing the entrepreneurial uni-
versity. This places most universities at a disadvantage because these metrics are aspira-
tional, especially for resource-constrained universities. Only elite universities perform well
on these two metrics; the lesson, the rich stay rich while the aspirational universities rarely
see breakthroughs (Grimaldi et al. 2011).

At its core, the POF model undervalues the university’s traditional societal mission.
Revenue maximization may clash with a university’s potential societal impact; rather than
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solving global wicked problems (Camillus 2008), universities view technology transfer pri-
marily as the mechanism to find the next Gatorade (i.e. discovered in 1965 by University
of Florida scientists to support the university’s football players). This emphasis may spur
commercial thinking, but yields a disproportionate number of low impactful discoveries
(e.g. apps). More troubling, research has found that universities’ singular focus leads to
tacit approval of bypassing where scientists appropriate much of the gains from commer-
cialization (e.g. Dalton 2008; Gianiodis et al. 2016; Markman et al. 2008; Valdivia 2013).
The risk is that the reliance on the POF model perpetuates sub-optimal outcomes for all
but the most elite global entrepreneurial universities. In sum, the two primary metrics are
neither appropriate nor comprehensive enough to properly assess the progress of most
entrepreneurial universities wishing to increase the level of entrepreneurial activity via
entrepreneurship education programs.

Given the weakness of the POF model, a hybrid-oriented framework (HOF) reconciles
competing demands and better evaluates the university’s overall societal impact related to
entrepreneurial education linked to technology transfer activities. The HOF acknowledges
the central role entrepreneurial universities play in regional economic development, as well
as a potentially greater role in advancing social causes. For example, recent research high-
lighted critical environmental and internal factors that affect entrepreneurial universities; in
particular, how these factors affect entrepreneurial outcomes (Guerrero and Urbano 2012).
These authors distinguish between formal factors—organizational and governance struc-
tures, support measures for entrepreneurship, and entrepreneurship education—with more
informal factors (e.g. word-of-mouth). This allows researchers and university administra-
tors to specify and measure outcomes more accurately.

In the following section, we take up the challenge of specifying one of these formal
factors—entrepreneurship education—in examining the effectiveness of the entrepre-
neurial university. We develop a set of potential entrepreneurship education performance
metrics that better reflects, and thus evaluates, the role entrepreneurial education programs
play in spurring entrepreneurial activity and technology transfer. In doing so, we extend
recent research that was among the first to suggest that each university is unique and atti-
tudes towards entrepreneurship among faculty and students were key in understanding this
uniqueness (Guerrero and Urbano 2013). Further, this research suggested that factors such
as entrepreneurial education, teaching methodologies, role models and reward system
(P.55) are the biggest influencers of stakeholder alignment. Below we add to this conversa-
tion by looking at these factors and adding a new framework and a broader set of metrics
to explain the role of entrepreneurial education in developing entrepreneurship capital in a
U.S. context.

4 Entrepreneurship education metrics for the entrepreneurial
university

4.1 Metrics for formal entrepreneurship education options

Much of the recent research has extolled the rise, growth and effectiveness of entrepre-
neurship education at universities across the globe (Fayolle et al. 2006; Kuratko 2005;
Morris-2015)--In particular; teaching students how to think critically and be creative in
their assessment and evaluation of ideas has been influential in increasing the quality of
student entrepreneurial ideas (e.g. Bae et al. 2014; Walter and Block 2016). In general,
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universities have balanced local market needs (i.e. educational outcomes related to regional
development) with national and global aspirations of its student populations (e.g. Shah and
Pahnke 2014). This balance is a plausible starting point for designing metrics to evaluate
a university’s entrepreneurial capital, its processes for transforming this capital, and thus,
its performance. Further, the range of entrepreneurship classes in terms of variety, scope,
and the reach, especially entrepreneurship education outside of the schools of business or
engineering (such as entrepreneurship in the arts or humanities), seems to be an emerging
trend and a relevant metric to examine (e.g. Princeton Review undergraduate and graduate
entrepreneurship rankings survey question in the U.S.).

In Table 2, we outline a framework and questions that inform metrics related to formal
entrepreneurship education options. Fundamental to this framework is data and research
drawn from the Global University Entrepreneurial Spirit Students’ Survey (GUESSS).
GUESS is a data collection effort and tool assessing the globalization of entrepreneurial
education. Research using GUESSS data represents an excellent starting point for assess-
ing questions related to formal entrepreneurship education metrics. Questions presented in
Tables 2, 3 and 4 utilize and integrate logic and findings from the GUESS. For example,
Item 2.1 in Table 2 assesses the absolute number of entrepreneurship courses offered by a
university; several researchers have used this metric in published studies using GUESSS
data (cf. Bergman, et al. 2018; Minola et al. 2016). To enhance the utility of this metric, we
ask; according to the university’s strategic plan, what is the expected increase in the abso-
lute number of entrepreneurship courses taken by students at the university. This enhanced
question indirectly gauges the extent to which universities are progressing towards the
entrepreneurial university model. This aspirational question can be applied to all course
content domains outlined in the tables; it allows university stakeholders to clearly state
their aspirations and to determine if intentions match up to the current realities inside the
university (Wright et al. 2017).

4.2 Student and alumni participation in new ventures and experiential learning

The number of new ventures formed by exploiting university discoveries remains the
benchmark for measuring entrepreneurial capital in universities (Markman et al. 2009).
However, this measure rarely captures the growing number of formal and informal ven-
tures started by students (Siegel and Wright 2015). In fact, entrepreneurial activity often
have their origin in student-led startups, aided by formal classes and programs, and infor-
mal communities on campus. Universities could follow the work of Guerrero and her col-
leagues by capturing data on the number of students who develop their own start-ups. Fur-
ther, universities can enhance this data by tracking how student teams perform at local,
regional or national new venture contests (cf. Kuratko 2005). Business plan and new ven-
ture pitch competitions are one of the milestones for measuring an entrepreneurial univer-
sity’s progress (e.g. Princeton Review Graduate and undergraduate entrepreneurship rank-
ings in the U.S.).

Several recent studies (e.g. Bergman et al. 2018; Guerrero et al. 2016; Guerrero et al.
2018) have found evidence that the type of entrepreneurship education influences stu-
dent entrepreneurship outcomes. To that end, using the percentage of student startup
metrics as an alternative to the institutionalized performance metrics of new venture
formations, (university,spinoffs),and licensing revenue is an important extension of the
literature. Capturing these metrics, routinely done by elite universities who manage
a cadre of incubators, accelerators, and other space that student-led teams occupy, is
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critical for other aspiring universities seeking to publicize their entrepreneurial creden-
tials (Wright et al. 2017). In fact, universities have adopted few other performance met-
rics to document the existence, depth, or breadth of other types of student experiences
similar to experiential entrepreneurial education (cf. Sanchez 2013). Capturing these
metrics enhance the university’s relationship with a broader set of stakeholders.

Additionally, capturing metrics related to student participation in a new venture in
any form—as an employee, intern, or as a founder—serves as a socialization point for
future preferences towards entrepreneurial activities (Bercovitz and Feldman 2008).
While monitoring and supporting enrolled students are essential for making entrepre-
neurship education work, equally important is gathering longitudinal data as students
graduate and become alumni. A useful measure for aspiring universities is how enroll-
ment in entrepreneurial courses/programs predicted later entrepreneurial action, cap-
turing the long-term benefits of entrepreneurial education and experiences (cf. Turner
and Gianiodis 2018). Most entrepreneurship educators acknowledge that many of their
students, especially undergraduates, will never start their own venture. In lieu of this,
educators are charged with imparting an entrepreneurial mindset that is the critical
deliverable for the course (Kuratko 2005), as early exposure to entrepreneurial experi-
ences results in a long term entrepreneurial outlook (Roberts and Eesley 2011). Thus,
engaging alumni, an external stakeholder group more likely to engage with the univer-
sity’s entrepreneurship education program, enhances the university’s relationship with
its local entrepreneurial ecosystem (Bischoff et al. 2018).

Given this acknowledgement, these metrics show the potential impact entrepreneur-
ial education has on universities’ entrepreneurial capital, and provides a mechanism for
providing experiences that align current and former students’ shared experiences and
interests. Lastly, these metrics provide a baseline to compare and evaluate the impact
of entrepreneurial education over time, which is notable given that recent research has
found start-up rates for new ventures have risen in concentrated areas, but have fallen
overall in recent years. Table 3 outlines some potential questions, rooted in theory and
empirical research (e.g. Hayter et al. 2018; Wright et al. 2017), to serve as the basis for
metrics to address these areas.

In addition to formal entrepreneurship education, a growing body of research sug-
gests that better learning outcomes occur during experiential learning processes, and
that enduring positive attitudes towards entrepreneurship are engendered when there is
early exposure to entrepreneurial ideas and processes (Roberts and Eesley 2009, 2011).
A similar stream of research has examined the importance of student-led entrepre-
neurship as compared to faculty-led ventures because (1) students start more ventures
than faculty members (z&stebro et al. 2012) and, (2) students are likely to stay involved
longer, throughout the life cycle of the venture (Boh et al. 2016). Further, research sug-
gests that graduate students, in particular, play crucial roles in convincing faculty to
start new ventures and often lead this process (Hayter 2016). While the field is begin-
ning to learn more about the individual determinants and support mechanisms that
impact graduate student startups (cf. Guerrero et al. 2018), the field would benefit from
collecting more data and building robust models delineating the factors that drive grad-
uate versus undergraduate student engagement in new ventures. Thus, the focus needs
to include not only direct venture participation, but also participation in activities that
equate similarly to some aspect of entrepreneurship, such as incubators, research parks,
andymaker,spacesyTable,3.captures,;some,of; these ideas and provides a means to assess
a starting point and an aspirant point for universities to gauge their efforts.
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4.3 Role of technology transfer offices in developing entrepreneurship education

To this point, our focus as solely been on traditional entrepreneurial education course/pro-
gram content and delivery. Recently, university’s technology transfer office (TTO), the face of
a university’s technology commercialization infrastructure, have shown an interest in “skill-
ing-up” the scientists with whom it works (Baglieri et al. 2018; Hayter et al. 2018). Primar-
ily charged with integrating each stakeholder group to drive performance, TTOs are subject
to simultaneous praise and criticism, as placating the myriad of stakeholder involved is quite
challenging. TTOs have autonomy, which lets them effectively marshal discoveries through
the many bureaucratic hurdles, but this may cause them to be too detached from the scientist’s
lab to fully understand, and support scientists’ ambitions (cf. Chapple et al. 2005; Siegel et al.
2007). How university’s build their organization and governance structures directly affect per-
formance and will have an impact on the effectiveness of entrepreneurial education; research
shows that the structure of the TTO, the university’s primary mechanism for technology trans-
fer and commercialization, is critical (Rothaermel et al. 2007). For example, Markman et al.
(2008, 2009) found that TTO autonomy was associated with better information flows, higher
scientist and stakeholder commitment, and performance. Likewise, greater autonomy gives
TTOs the flexibility to leverage existing infrastructure and stakeholders such as business incu-
bators, science parks, and angel investor networks, just to name a few (e.g. Mian et al. 2012;
Link et al. 2015). Once the TTO structure is institutionalized, universities are positioned to
integrate regional ecosystem components to build entrepreneurship capital.

Recent studies have posited that TTOs may have a key role in delivering a robust entrepre-
neurship program to enhance the skills among both faculty and student groups (Baglieri et al.
2018; Hayter et al. 2018; Siegel and Wright 2015). Further, TTOs overtime have acquired
human capital to support new venture creation, rather than just act as a protector of university
intellectual property and appropriator of rents for university innovation. Table 4 provides a
framework and list of questions for examining the expanded role of TTOs in participating in
entrepreneurship education, which can then yield meaningful metrics.

We argue that analyzing TTOs’ influence in developing skills and providing entrepreneur-
ial experiences is an important extension of academic entrepreneurship research. In particular,
examining the frequency, depth, and competence level of TTO’s in administering informal
workshops and bootcamps for both faculty and students is a relevant metric. Further, research
has documented the increase in surrogate (external) entrepreneurs on campus (e.g. Baglieri
et al. 2018), but this is not uniformly documented at all universities. Thus, examining the
mechanisms in which TTO’s attract and create interest for their innovations among surrogate
entrepreneurs is also important, given that research suggests some surrogate entrepreneurs
might think of the TTO as a catalog of early stage ideas that can provide entrepreneurial inspi-
ration (Wood and McKinley 2010). With the involvement of more surrogate entrepreneurs
universities build entrepreneurial capital, which will likely increase the rate of new venture
creation, and with support from faculty inventor and/or students, long-term success. The
spillover effects—growing the size of the entrepreneurial ecosystem in which the university
anchor—can be considerable.

4.4 University reward systems and the entrepreneurial climate
There is a significant body of research that examines different rewards systems entre-

preneurial universities use (cf. Link et al. 2015; Siegel and Wright 2015). Much of this
research focuses on incentives, but equally important are possible disincentives and/or
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occasions for disenfranchisement. For example, a recent essay by Shepherd (2019) high-
lights how entrepreneurship manifests three distinct entrepreneurial losses or damages:
(1) dark side outcomes, negative psychological and emotional reactions related to entre-
preneurial action, (2) downside outcomes, organizational negative effects related to loss
of capital and/or time, and (3) destructive outcomes, negative impacts to society related
to entrepreneurial action. For this context, how the entrepreneurial university model
disenfranchises certain stakeholders and how entrepreneurship education can alleviate
this disenfranchisement are important considerations. Getting to the root of any possible
university-faculty-stakeholder rent doctrine (mis)alignment is critical in understanding
and preventing the 3-level losses and damages. For example, recent research on stu-
dent perceptions of the university entrepreneurial climate (cf. Bergman et al. 2018) are
important to build on to get a sense of what each different stakeholder groups think
about the current trajectory and direction of their entrepreneurial university. Table 5
highlights some of these issues and offers a framework for examining important consid-
erations of university reward systems, taking a much broader view than existing com-
pensation-based incentives.

5 Discussion

This critical essay seeks to refocus research attention on the important link between
entrepreneurial education and the formal and informal entrepreneurial processes within
the entrepreneurial university model. After critically reviewing recent theoretical and
empirical research, it proposes a framework for explaining this relationship, including
how universities build entrepreneurial capital to impact their regional economy. While
knowledge creation and technology transfer are core to what universities do, we agree
with Mian et al. (2012) that a successful entrepreneurial university’s impact should go
beyond its organizational boundaries. We argue that a stakeholder view, asking broader
questions and implementing a more diverse set of metrics, helps universities balance
organizational and supra-organizational needs. Further, in universities’ haste to imple-
ment formal entrepreneurship activities centered around appropriating rents from uni-
versity-invented technologies, they have sublimated other important technology transfer
activities, such as entrepreneurial education, which better reflect their mission. Thus,
gaining an understanding of how entrepreneurial education can, in turn, impact the
overall competency and level of academic entrepreneurship initiatives within the univer-
sity is both noble and notable (cf. Pietrykowski 2001).

While the assessment metrics developed in this critical essay are not exhaustive, we
believe that the framework and questions developed represent a useful extension of previ-
ous empirical work (e.g. GUESS). This framework redirects the focus on efficiency meas-
ures that support the interests of a narrow set of stakeholders, to effectiveness measures,
that take into consideration entrepreneurial educational goals of a broader set of stake-
holders and have lasting effects. We argue that this framework is a three-pillared catalyst:
first, it is a catalyst for inquiry on the relationship between entrepreneurial education and
technology commercialization; second, it helps universities align their entrepreneurial ini-
tiatives with their organizational mission, and third, it assists policy makers in supporting
entrepreneurial education systems; as well as evaluating the university role within a local
entrepreneurial ecosystem. We elaborate on each of the three pillars below.
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5.1 Pillarl: research

A critical essay, rooted in theory and empirical evidence, is intended to provoke thought
and inspire further and divergent inquiry. The framework and questions, derived through
critical inquiry, can form the basis of an extensive research program. Akin to the GUESS
efforts, this framework easily translates into survey items using Likert type scales (see
Table 6 for illustration), which can then be pilot tested across a wide variety of universi-
ties. In fact, this is already in process; researchers have modified the scales/items to fit the
unique elements of a given university—size, location, programs, etc., and the desired goals
for adopting an entrepreneurial model. We expect that over time researchers will assess
the validity and reliability of these items, and with further theoretical refinement (i.e. sup-
ported by theories at multiple levels—system, e.g. institutional theory, organization, e.g.
stakeholder theory, and individual/team, e.g. expectancy theory), can complement existing
assessment measures.

While the primary focus of this critical essay is to inform scholars on how to investigate
the linkages between entrepreneurship education and technology commercialization (Ees-
ley et al. 2016; Guerrero et al. 2016; Nelson and Monsen 2014; Siegel and Wright 2015;
Wright et al. 2007), we suggest that findings garnered from these studies have additional
applications. For example, a critical element of technology transfer and commercializa-
tion is intra and inter-organizational knowledge transfer; results from empirical inquiry can
inform the literature on knowledge spillovers and agglomeration. Likewise, a metrics-
focused empirical examination can inform individual and team-level research related to
motivation and performance, especially in the context of knowledge-based work (cf. Hay-
ter 2016). Lastly, university-based entrepreneurial activity provides an excellent context for
evaluating the negative externalities (i.e. Shepherd’s “Dark Sides”) of entrepreneurship at
the individual, organizational and societal levels of analysis.

5.2 Pillar II: university administration

Beyond research, the framework presented can inform university administration at all lev-
els within its hierarchy. At the university level, the framework can augment knowledge
concerning resource allocation and structural effectiveness. At the college/school level, it
can inform hiring and incentivizing decisions that may lead to better organizational citizen-
ship behavior from faculty. Practice has followed scholarship in not applying a systems
view, which results in underspecifying the stakeholders involved and the pertinent relation-
ships that determine success from failure (cf. Gianiodis and Brown 2012; Kuratko 2005).
This framework provides tools to implement needed changes at the organizational level
(e.g. TLO autonomy), unit level (e.g. college and department entrepreneurial programs),
and for the individual scientist.

Universities’ financial conditions dictate the continued reliance on economic frame-
works and metrics; however, as other researchers have argued (e.g. Link et al. 2015), uni-
versities need to balance their role of rent seeker with the needs of less salient stakeholders.
In this way our framework, with its broader set of performance metrics for entrepreneurial
education, is complementary to performance-oriented frameworks; we are challenging uni-
versity administrators to not only enhance performance, but also be more experiential and
integrate commercialization efforts with teaching and service activities. Providing leader-
ship in this area while carrying out innovative activities can help promote a more balanced
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Table 6 Potential survey items for questions posed in Tables 2, 3, 4 and 5

Table S5: Potential Survey Items for Questions Posed in Tables 2-5
Formal Entrepreneurship Classes (all)
1. How many formal entrepreneurship (ENT) classes (of all types) are offered (absolute number)?:
2. How many formal entrepreneurship (ENT) classes (of all types) are offered on the topics of:

—_

. General Entrepreneurship
. Family Firms?
. Early-stage financing?

. Technology entrepreneurship?
. Social entrepreneurship?

. Entrepreneurial marketing?

. Innovation and ideation?

. Business planning?

. Other.

O 0 3N kW

3. Is there a plan or strategy to increase the absolute number of entrepreneurship courses taken at the
university in the future?

Formal Entrepreneurship Course Participation Rates
1. What is the share (percentage) of all students who have attended at least one entrepreneurship
course as a regular part of their undergraduate studies?

2. What is the share (percentage) of all students who have attended at least one entrepreneurship course
as an elective course as part of their undergraduate studies?
3. What is the share (percentage) of all students who have attended at least one entrepreneurship
course as a regular part of their graduate studies?

4. What is the share (percentage) of all students who have attended at least one entrepreneurship course
as an elective course as part of their graduate studies?
5. Is there a plan or strategy to increase the number of students who have attended at least one
entrepreneurship course as an elective?

6. Is there a plan or strategy to increase the number of students who have attended at least one
entrepreneurship course as a regular part of their studies?

Percentage of Students Participating in Maker spaces, Incubators, and Research Parks?
1. What Percentage of students participate in maker spaces?

2. What Percentage of alumni participate in maker spaces?
3. What percentage of students participate in incubators?

4. What Percentage of alumni participate in incubators?
5. What percentage of students participate in research parks?
6. What Percentage of alumni participate in research parks?

General Entrepreneurship Education Courses/Sections Growth Over Time
To No Extent To a large
Extent
1. To what extent have the number of entrepreneurship 123 4567

Classes (all types) offered on campus increased over time?

(in 1,3,5,10 years)

(i.e. -Total courses, number of course sections)
General Entrepreneurship Student Enrollment Change Over Time

To No Extent To a large
Extent
1. To what extent has the number of students enrolled in 1 23 45 67
All entrepreneurship courses increased over time?
General Entrepreneurship Course Offering Changes Over Time
To No Extent To a large
Extent
1. To what extent have all (General) 1 2 3 4 5 67

entrepreneurship Course Offerings Changed over time?
(i.e. what offered, governance of classes/programs)
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Table 6 (continued)

University Plans for Increasing Entrepreneurship Education (all types)
To No Extent To a large
Extent
1. To what extent does the university have future plans 1 2 3 45 67
To increase student participation and the number of
Entrepreneurship Classes offered?

Entrepreneurship Course Offerings Outside of Schools of Business and Engineering Changes Over Time

To No Extent To a large
Extent
1. To what extent have 1 23 45 67
entrepreneurship Course Offerings outside of the schools of business and engineering changed
over time?
(i.e. what offered, governance of classes/programs)
Growth of Student Participation in Maker Spaces
To No Extent To a large
Extent
1. To what extent has student participation in 1 23 45 67

Maker Spaces grown? (in 1,3,5,10 years)
University Plans for Increasing Student Participation in Maker Spaces

To No Extent To a large
Extent
2. To what extent does the university have plans 1 23 45 67
To increase student participation in Maker Spaces?
Growth in Student Participation in Incubators
To No Extent To a large
Extent
1. To what extent has student participation in 1 23 45 67

Incubators grown? (in 1,3,5,10 years)
University Plans for Increasing Student Participation in Incubators

To No Extent To a large
Extent
1. To what extent does the university have plans 1 23 4 5 67
To increase student participation in Incubators?
Growth in Student Participation in Research Parks
To No Extent To a large
Extent
1. To what extent has student participation in 1 23 45 67

Research Park Activity Grown? (in 1,3,5,10 years)

University Plans for Increasing Student Participation in Research Parks
To No Extent To a large

Extent
1. To what extent does the university have plans 123 4567

To increase student participation in Research Parks?

Current Student Founders

How many students have founded or are in the process of founding a new venture:
1. In the School of Business?
2. In Science and Technology Units?
3. In Non-Science and Technology (S&T) Units?

Growth in Student Founders Over Time

To No Extent To a large
Extent
1. To what extent have the number of student founders 123 4567

(From all Units) increased over time? (in 1,3,5,10 years)
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Table 6 (continued)

University Plans for Increasing Number of Founders Over Time
To No Extent To a large
Extent
1. To what extent does the university have a strategy 123 4567
to increase the number of currently enrolled students
that are founders or a founding team member of a
new venture (From all Units) over time? (in 1,3,5,10 years)

Current Student Employee/Interns in Science and Technology Based Venture
How many students have been employees or interns in a new venture:
1. In the School of Business?
2. In Science and Technology Units?
3. In Non-Science and Technology (S&T) Units?

Growth in Student Employee/Interns in New Ventures Over Time
To No Extent To a large
Extent
1. To what extent have the number of student employee/ 123 4567

Interns in science and technology based ventures

increased over time? (in 1,3,5,10 years)
University Plans for Increasing Number of Student Employee/Interns in Science and Technology Based
Ventures Over Time

To No Extent To a large
Extent
1. To what extent does the university have a strategy 12 3 4567

to increase the number of currently enrolled students
that are employees or interns in
new ventures over time? (in 1,3,5,10 years)

Alumni Founders of Science & Technology Based Ventures
How many alumni are founding team members of a Science & Technology based new venture?

Growth in Alumni Founders of Science and Technology Based Ventures Over Time
To No Extent To a large
Extent
1. To what extent have the number of Alumni 123 4567

founders of new ventures
increased over time? (in 1,3,5,10 years)
University Plans for Increasing Number of Alumni Founders of Science and Technology Based Ventures

Over Time
To No Extent To a large
Extent
1. To what extent does the university have a strategy 123 4567

to increase the number of alumni
that are founders in new ventures over time? (in 1,3,5,10 years)

Alumni Employees in Science and Technology Based Ventures
How many alumni are employees in a science and technology entrepreneurship based new venture?

Growth in Alumni Employees in new Ventures
To No Extent To a large
Extent
1. To what extent have the number of Alumni 1234567

employees of new ventures increased over time? (in 1,3,5,10 years)

<l _;ll.-.f.\...u)ﬂ Zy I—* I £) Springer
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Table 6 (continued)

University Plans for Increasing Number of Alumni Employees in new Ventures Over Time
To No Extent To a large
Extent
1. To what extent does the university have a strategy 123 4567

to increase the number of alumni

that are employees in Science and Technology

based new ventures over time? (in 1,3,5,10 years)
Informal Technology Transfer Office (TTO) Workshops and Bootcamps
How many informal Science and Technology based entrepreneurship workshops and bootcamps are
offered to students and faculty by the TTO at the university?

Growth in Informal TTO Workshops and Bootcamps Offered Over Time
To No Extent To a large
Extent
1. To what extent have the number of informal TTO 123 4567
workshops and bootcamps offered to students and
faculty increased over time? (in 1,3,5,10 years)
University Plans for Increasing Informal TTO workshops/bootcamps for students and faculty
To No Extent To a large

Extent
1. To what extent does the university have a strategy 12 3 4567

to increase the number of informal Science

and Technology entrepreneurship workshops/

bootcamps offered to students and faculty over time?
TTO Formal Mentorship/Internship Programs
Does the TTO offer formal mentorship and internship opportunities to undergraduate and graduate
students interested in entrepreneurial initiatives (in the TTO itself or in university affiliated
spinoffs/licensing companies)?

Growth in TTO Formal Mentorship/Internship Programs Over Time
To No Extent To a large
Extent
1. To what extent have the number of informal TTO 12 3 4567
workshops and bootcamps offered to students and
faculty increased over time? (in 1,3,5,10 years)
University Plans for increasing TTO Formal Mentorship/Internship Programs
To No Extent To a large

Extent
1. To what extent does the university have a strategy 123 4567
to increase the number of formal mentorship/internship
programs offered to students and faculty over time?

TTO Surrogate Entrepreneur Formal Process
Does the TTO have a formal process to attract and recruit surrogate entrepreneurs to consider their
university’s innovations as the basis for a new business?

Change in TTO Surrogate Entrepreneur Formal Process over Time
To No Extent To a large
Extent
1. To what extent has the process to attract 123 4567
and recruit surrogate entrepreneurs to consider
their university’s innovations as the basis for a
new business changed over time? (in 1,3,5,10 years)
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Table 6 (continued)

University Plans to Change TTO Surrogate Entrepreneur List Size over Time
To No Extent To a large Extent
1. To what extent does the university have a strategy 123 4567
to attract a greater number of surrogate
entrepreneurs to work with the TTO and consider
their university’s innovations as the basis for a new
business?
Autonomy of TTO

To No Extent To a large Extent
1. To what extent has the TTO been given high levels 123 4567
of autonomy by university administration to choose
the best business practices in commercializing university
innovations?

TTO Autonomy Changes Over Time

To No Extent To a large Extent
1. To what extent has the university given the TTO 123 4567
The autonomy to choose the best business practices
in commercializing university innovations?
University Plans to Change TTO Autonomy Over Time
To No Extent To a large Extent
1. To what extent does the university have future 1234567

Plans to increase the level of autonomy given to
TTO by university administration to choose the
best business practices in commercializing
university innovations?
University's entrepreneurial budget as share of total university budget

What is the Share of the total budget that the university spent for the support of entrepreneurship in the
financial year?

Chair of Entrepreneurship at University

Is there a Chair of Entrepreneurship at the University? (Binary 1= yes)
Is there a plan or strategy to have a chair of entrepreneurship at the University in the future if not one
currently?

Number of Entrepreneurship Competitions

What is the Absolute number of entrepreneurship, business plan and idea competitions at the university in
this academic year?

Student Perceptions of the entrepreneurial climate

Please indicate to what extent you agree with the following statements about your university
To No Extent To a large Extent
123 4567
«At my university, students are encouraged to engage in entrepreneurial activities.
*The atmosphere at my university inspires me to develop ideas for new businesses.
*There is a favorable climate for becoming an entrepreneur at my university.”

(1) workshops/networking with experienced entrepreneurs;
(2) contact platforms with potential investors;

(3) business plan contests/workshops;

(4) mentoring and coaching programs for entrepreneurs;
(5) a contact point for entrepreneurial issues

view of how the university and the local community benefit from the entrepreneurial uni-
versity model.

Lastly, these new entrepreneurial education metrics may be more salient for aspiring
universities, where revenue generation and technology-based spinout activity metrics
yviding explicit an adoption timeframe, our

@ Springer



1190 P.T. Gianiodis, W. R. Meek

Table 6 (continued)

University co-curricular/experiential activities

What is the absolute number of different offerings in the university?

Examples include:

(1) workshops/networking with experienced entrepreneurs;
(2) contact platforms with potential investors;

(3) business plan contests/workshops;

(4) mentoring and coaching programs for entrepreneurs;
(5) a contact point for entrepreneurial issues

Current University Level Rent Doctrine

To what extent has the university’s rent doctrine changed in recent years to focus more on appropriation
of technological ideas?

To No Extent To a large Extent
12 3 4567

Individual research scientist rent doctrine

To what extent have the rent doctrines and work identities of individual research scientists adapted to the
changed/changing university rent doctrine?
To No Extent To a large Extent
12 3 4567

Rent Doctrine of each academic department/scientific field in the university

To what extent is each individual academic department/scientific field in the university in line with the
rent doctrine of the university?

To No Extent To a large Extent
123 4567

framework does include several questions that assess the changes in different university
factors over time. Some universities and regions have looked to emulate the processes and
structures employed by elite universities in a relatively short time-frame with the hope of
replicating their results. However, we argue that it is important to have a reasonable per-
spective on how long systemic change is likely to take, if ever (i.e. replicate successful
university-led regional economies such as Silicon valley, California, the Research Triangle
in North Carolina, etc.). While some regions may be able to compress time, most require
protracted periods of large-scale formal investment, informal network development, and
innovative partnerships with powerful regional stakeholders to achieve success. To that
end, this framework incorporates some levels of flexibility because each region should not
always try to adopt all of the success measures of other regions.

5.3 Pillar Il public policy
Many government officials have embraced the promise of entrepreneurship education and

technology commercialization as a means to achieve local, regional and/or national eco-
nomic development goals. Their actions to support these initiatives, however, are generally
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done in isolation or in fits and starts; current policy lacks the fundamental understanding
of how educational inputs can inform the rate of participation, and thus the effectiveness
of technology transfer operations. Government officials are guided by a mandate driven by
powerful stakeholders and constrained by fluctuating financial resources, which can under-
mine comprehensive policy-making. Understanding the depth and breadth of regional uni-
versity systems efforts committed to expanding entrepreneurial education and support pro-
grams can give public officials greater ammunition in steering needed resources to these
efforts. Likewise, rich outcome data can help officials better assess the progress regional
institutions are making in improving regional economic development. Data collection and
comparison among different universities and different regions can also provide a sense
of the amount of time systemic change efforts will take, and accordingly, the amount of
patience and continued investments that local and regional governments will need to invest
to further their economic development and entrepreneurial ecosystem goals.

6 Conclusions

Figure 1 shows how the three pillars share some common ground but also have distinct
contributions for the field moving forward. Future research can focus on an individual pil-
lar, but more impactful research will integrate each pillar as part of the larger educational-
technology commercialization system. In particular, future research on the effectiveness
of entrepreneurial education efforts within universities may need to consider an even
broader set of metrics that represent the needs of additional stakeholders in the entrepre-
neurial university. For instance, politicians, governments, and university trustees, as well
as local communities, alumni foundations, and university donors need to be committed to
partnering with and embedding entrepreneurial initiatives into the regional ecosystem with
a long-term time frame in mind. The authors have already started down this pathway, com-
plementing efforts by Siegel and his colleagues, who are at the forefront of multi-level,
multi-stakeholder academic entrepreneurship research (cf. Balven et al. 2018; Siegel and
Leih 2018) Ensuring this long-term perspective, stakeholders will provide sufficient time
and resource for changes in university structure, incentives, and entrepreneurial education
to take effect. Further, this long-term orientation can ensure that economic development
becomes a defining characteristic of both the university and the region, rather than a short-
term reactionary response to revenue problems or other societal and political pressures.

In universities’ haste to leverage technology commercialization to appropriate rents,
they have sublimated other important technology transfer activity stakeholders, such as
entrepreneurial education, that better reflects their mission. By offering this framework and
attendant performance metrics, we are building momentum for a stakeholder model of the
entrepreneurial university that follows recent scholarly work (cf. Bischoff et al. 2018). This
framework is useful for proactively managing and evaluating universities’ entrepreneur-
ship education efforts within the broader regional ecosystem. While recent studies have
grounded our thinking, we include additional measures to address the needs of different
stakeholders in geographic areas outside of the U.S., UK, and EU. The next step is to test
the validity and reliability of these metrics across different university and regional con-
texts, which the authors have begun. We look forward to thorough constructive discussion
from academics, administrators, and practitioners in the field.
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Pillar I: Research
- Develop/Validate ENT
Education & Tech
Commercialization Scales|
- Multi-level theory
building

Virtuous Cycle:
Research informs administration &
policy; policy supports
administration & research

Pillar llI: Public Policy

- Employ framework to
shape economic
development policy

- Use metrics to help
allocate governmen
resources

dministration enacts
policy goals; policy
supports istration

Fig. 1 Three-pronged pillars of entrepreneurship education and technology transfer

Pillar 1I: University Admin

- Employ framework to
allocate resources &
metrics to evaluate

- Construct structures &

incentive systems
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