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Abstract

This study uses the stakeholder perspective to knowledge spillover theory at univer-
sity to explain how various characteristics of internal and external university stakehold-
ers will affect its entrepreneurial outcomes. Acknowledging the heterogeneity between
entrepreneurial universities, we theoretically developed and empirically tested a model
for four types of stakeholders (knowledge enablers, knowledge creators, knowledge codi-
fiers, knowledge facilitators) across three university types (Russel group, teaching-based
and polytechnic universities). To test our hypotheses related to the role of stakeholders in
entrepreneurial outcomes of a university we used panel data on 139 UK universities that
achieved entrepreneurial outcomes during 2010 and 2016. The results demonstrate signifi-
cant differences in the role that stakeholders play in knowledge spillover entrepreneurship
at universities with the effects vary across three distinct university types.

Keywords Entrepreneurial university - Knowledge spillover entrepreneurship - Intellectual
property revenues - Start-up - Spin-off

1 Introduction

Universities have been known to facilitate innovation and support entrepreneurship (Cun-
ningham & Menter, 2021; Graf & Menter, 2021; Wagner et al., 2021), however how it
can be achieved (Acs & Audretsch, 2010; Audretsch, 2014; Audretsch & Belitski, 2021)
still remains unknown? (Audretsch, 2014; Link, 2022). In addition, the concept of
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’entrepreneurial university’’ remains understudied (Bradley et al., 2013; Hayter et al.
2016; Civera et al., 2020; Audretsch & Belitski, 2021).

In this study, we draw on Guerrero et al. (2015) and Etzkowitz (2003) in defining the
entrepreneurial university as any university that has the ability to innovate, recognise
and create opportunities (Kirby, 2002) and which can produce and spillover knowledge
(Etzkowitz, 2003). It can develop a comprehensive internal system for knowledge com-
mercialisation including patenting and licensing, new companies creation, custom-made
further-education courses, consultancy services, contract research (Chrisman et al.,
1995) by providing a support structure, as a ’'natural incubator’’ (Etzkowitz, 2003),
through different stakeholders.

Despite the variety of entrepreneurial outcomes at university the factors that deter-
mine them and the role of stakeholders across different university types remains an
important research gap (Bartell, 2003; O’Kane et al., 2015; McCann, 2021). There is
a call in research to study the stakeholder complexity and how the relationship between
stakeholders and commercialization outcomes differ between different university types
(Foss & Gibson, 2015; Abreu et al., 2016; McCann, 2021).

We draw on the knowledge spillover theory of entrepreneurship (KSTE) (Audretsch,
1995; Acs et al., 2004, 2013; Audretsch & Lehmann, 2005; Audretsch et al, 2006;
Audretsch & Keilbach, 2007) to explain how knowledge created at university spills
over into entrepreneurial outcomes such as starting a business (e.g., spinoffs and start-
ups) and acquiring intellectual property income. Knowledge commercialization is the
third mission of the university (Audretsch, 2014). Within the entrepreneurial university
model (Audretsch, 1995), academics, and students are the focal point or entrepreneurs
who spillover the knowledge into the ecosystem. Although the KSTE explore the new
knowledge created by universities (which is reach in knowledge itself) and individuals
(e.g., faculty and students within the university context) (Link & Siegel, 2005), it does
not explain how the support provided by heterogeneous internal and external university
stakeholders may a) affect the type of outcome of the entrepreneurial university and b)
how these outcomes may change if different combinations of stakeholders are taken into
account and across different knowledge-intensive contexts—university types. As those
engaged with the development of new knowledge combine their skills and expertise
with other relevant specialists to deliver new knowledge (Link & Scott, 2019). Using
longitudinal data on 139 UK universities (2009-2016) collected by the Higher Educa-
tion Statistics Agency (HESA), the purpose of this study is to extend the theory and
explain the phenomenon by empirically testing the concept of the entrepreneurial uni-
versity. It demonstrates how collaboration between a variety of stakeholders on knowl-
edge spillovers can change university entrepreneurial outcomes across universities of
different types.

This study contributes to technology transfer and knowledge spillover of entrepreneur-
ship literature as follows.

First, we examine how knowledge spillover between universities of different types occur
and how by choosing a specific combination of knowledge a university may result in the
realization of entrepreneurial opportunity via specific entrepreneurial outcomes (Cunning-
ham, 2019).

Secondly, we analyse the role that external stakeholders play at entrepreneurial universi-
ties at different levels and how stakeholders are interconnected (Cunningham et al., 2021).
Finally, by merging the stakeholder perspective with the KSTE this study demonstrated
the role of support provided within the multilevel context and how it changes with the type
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of university (teaching, research, polytechnic) and commercialization outcomes (e.g., spin-
offs, start-ups, licences income, etc.).

We do so by identifying the role stakeholders play within the entrepreneurial university
and the type of support they provide to facilitate knowledge spillover (Ambos et al., 2008;
Romero et al., 2021; Siegel, 2018; Wright et al., 2019a, b).

This study furthers the recent research of Cunningham et al. (2021) on the organiza-
tional architecture of entrepreneurial universities and how multi-level stakeholders may be
important in explaining the variety of entrepreneurial outcomes and at different stages of
entrepreneurship.

Our key findings are as follows. First, we reveal that independently of a university type
(teaching or research-oriented) within the UK higher education sector, universities with
teaching only oriented mission are still successful in achieving entrepreneurial outcomes
having the appropriate infrastructure to promote knowledge spillover, further expanding
what we know from Cunningham et al. (2021).

Second, expanding the work of Civera et al. (2020) this study shows that policy
approach to stimulate entrepreneurial universities should be adjustable accordingly based
on the university type even within one country (e.g., not all universities might benefit from
extensive support of TTOs, while they might need a better support of business incubators
based on their orientation).

The next section describes the conceptual framework and provides stakeholder
classification Sect. 3 discusses the data and methodology. The results are presented
in Sect. 4. Section 5 discusses the main findings and the contribution to the literature.
Section 6 concludes.

2 Conceptual framework
2.1 Entrepreneurial university and knowledge spillover entrepreneurship

Knowledge creation at universities lead to knowledge spillover and create technological
opportunities what have been described under the knowledge spillover theory of entrepre-
neurship (Acs et al., 2009).

Knowledge spillover is a flow of knowledge from one party where this knowl-
edge is generated to another party where this knowledge is commercialized (Acs et al.,
2013; Audretsch & Lehmann, 2006), and is considered as a source for entrepreneurship
(Audretsch & Keilbach, 2007) which helps commercially explore university research
(Agarwal et al., 2007). University spin-offs and start-ups are considered as a mechanism
for knowledge spillover as they are based on university-produced knowledge (Acs et al.,
2009).

Thus, the role of universities as main institutions in spilling over new knowledge and
innovations has increased the attention. Universities act as connective anchors working
with different stakeholders within the local environments facilitating knowledge spillover
(Davies et al., 2021) and becoming one of the key actors within the knowledge spillover
theory of entrepreneurship. This contributes to the creation of a university-based entrepre-
neurial ecosystem facilitating innovations and entrepreneurial opportunities thanks to the
knowledge-sharing process among several stakeholders and their assistance of this process
(Wurth et al., 2015). Within the university-based ecosystem, actors are connected by the
constant flow of knowledge via different channels which enable entrepreneurial knowledge
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spillover (Siegel et al., 2003). The exchange of knowledge among several stakeholders con-
tributes to knowledge spillover (Etzkowitz & Leydesdorft, 2000; Belitski et al., 2019). That
is why universities need to consider and work accordingly with actors who impact or pro-
vide support across different stages of entrepreneurship (Miller et al., 2021).

Knowledge spillover mechanisms are used by students and researchers to start business
and commercialize knowledge in the market, as not all knowledge created at university will
be eventually commercialized.

The stakeholder perspective is particularly useful to understand how knowledge spills
over (Miller & Acs, 2017) and what type of support is provided within the process. Based
on the entrepreneurial viewpoint, the factors used to determine the relevance of stakehold-
ers are vital in a practical sense since entrepreneurs have to decide what group they need
to deal with at any given stage of the new knowledge development and spillover (Bartell,
2003). It is thus vital to analyse and conceptualise a framework for applications to this task.
In particular, the classification makes conceptualisation possible (Bailey, 1994).

Expanding upon the stakeholder taxonomy proposed by Yusef (2008) and aligning it
with the entrepreneurial university model (Audretsch, 2014), we identified four types of
entrepreneurial university stakeholders involved in the knowledge spillover:

(1) Knowledge enablers: organisations and individuals that facilitate knowledge manipula-
tion (Klingbeil et al., 2019) (industry and government);

(2) Knowledge providers: organisations and individuals that produce and spillover knowl-
edge within the entrepreneurial university (university students and faculty) (Boardman
& Gray, 2010);

(3) Knowledge codifiers: organisations and individuals that actively seek new channels and
forms of knowledge transfer, and facilitate knowledge spillovers outside the university
level (technology transfer and IP offices);

(4) Knowledge facilitators: organisations that facilitate entrepreneurial incentives (Fayolle
& Linan, 2014) and encourage knowledge spillovers within the university and into the
ecosystem (research and science parks, business incubators, accelerators) (Amoroso
et al., 2019; Wright et al., 2019a, 2019b). These stakeholders may also raise finance
(e.g., venture capitalists).

Authors have explored existing case studies on entrepreneurial universities (Appen-
dix A, Table 7) and identified that there was no research conducted to identify the role of
stakeholders and effect of the support they provide on achieving university entrepreneur-
ial outcomes at different stages of knowledge development (Cunningham & Miller, 2021;
Romero et al., 2021). This research adopts a static perspective on entrepreneurial university
with dynamic interactions between different stakeholders (Hayter, 2016) through various
activities, including patenting and licensing, research contracts or new ventures creation
(Link & Siegel, 2005).

2.2 Stakeholder classification and conceptualisation within the entrepreneurial
university ecosystem

Types of university stakeholders include knowledge enablers, knowledge producers,
knowledge codifiers and knowledge facilitators.
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2.2.1 Knowledge enablers

2.2.1.1 Government As an external stakeholder, government facilitates the knowledge
spillover process from the university. Initially, the government develop appropriate policy
and political incentives for knowledge and technologies transfer. One of the most prominent
examples of political instruments is the Bayh-Dole Act in the US, the Higher Education
Fund in the UK (Siegel et al., 2003) or the Programme for Research in Third Level Insti-
tutions (Cunningham & Golden, 2015), Excellence Initiative in Germany (Civera et. al.,
2020).

Governments’ incentives also devoted to creating a flourishing entrepreneurial environ-
ment and the infrastructure needed to promote knowledge spillover and the transfer of new
technologies (Cunningham et al., 2021). The government is the most common source of
funding (Lee, 2021). Its explicit policy is directed at devolving responsibility to academia
for ensuing research funding and its subsequent commercialisation (Guerrero et al., 2016).
The government is considered as an enabling factor providing both conditions (policy,
entrepreneurial incentives, infrastructure) and initial financial support to start research for
both research and teaching-oriented universities. Collaborative research officially forms the
relationship between two stakeholders and, unsurprisingly, is a knowledge transfer channel.

2.2.1.2 Industry Besides the government, universities engage with the industry as an initial
external stakeholder. Industry market gaps and funding for research projects represent a sig-
nificant input into ideas generation and development (Miller et al., 2021). The relationships
between the two parties are formed through contract research, which is an effective tool and
channel to spillover knowledge (Cohen et al., 2002). The existence of contracts with indus-
try positively affects the propensity for direct commercialization of university research, but
also researchers’ involvement in entrepreneurial activities, and helps to create an entrepre-
neurial culture at the university (Powers & McDougall, 2005). Once the knowledge has
been created at the universities, academia provides various services to the industry in return.
Such services are also knowledge transfer channels and can be provided in the form of
consultancy (Perkmann et al., 2021) or additional training. Thus, the industry is also an
enabling factor for new knowledge generation via having gaps that need to be closed as well
as providing financial support via research contracts and facilitating entrepreneurial culture
at the university for both research- and teaching-oriented universities (Romero et al., 2021).

Summing up, both government and industry are enabling factors for new knowledge
development and the following transfer. The government is a principal provider of research
funding and political incentives for knowledge development and spillover in both research
and teaching-led universities (e.g., Innovate UK programme). Collaboration with industry
provides a base for new knowledge generation and financial support to university scientists,
therefore boosting the development of R&D in research-led universities as well as facilitat-
ing knowledge spillover via its direct transfer in teaching led universities. We thus hypoth-
esise that:

Hla: Knowledge enablers have a positive effect on university start-up activity and
the licencing of technologies in research-oriented universities

H1b: Knowledge enablers have a positive effect on university start-up activity and
the licencing of technologies in teaching-oriented universities
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2.3 Knowledge providers
2.3.1 Researchers

Once opportunities are created and institutional conditions are established, knowledge
creation for the following spillover occurs internally at the university. Within the knowl-
edge transfer process itself, scholars represent an important group of internal stakeholders
(Clauss et al., 2018) and generate new knowledge which later spillovers in both teaching-
and research-oriented universities. Scientists transfer knowledge via selling IP rights as
well as creating spin-offs and start-ups (Belitski & Heron, 2017) and are principal investi-
gators and scientific entrepreneurs (Casati & Genet, 2014). Academics are the main inter-
nal nucleus that generates new knowledge, allowing both university types to operate prop-
erly (Klingbeil et al., 2019).

2.3.2 Students

Students are another group of internal stakeholders within the knowledge transfer process.
Acosta et al. (2011) demonstrated that the total number of university graduates is one of
the vital spillover mechanisms explaining the creation of new ventures in both teaching-
and research-led universities. Within the education process, there is an interaction not only
between students and professors but also between students themselves. When it comes to
research activities, graduates and PhD or postdoctoral students are important participants
of new knowledge creation in research projects and IP rights generation. This new knowl-
edge can be used for academic spin-offs formation based on new knowledge in research-
oriented institutions (Hayter et al., 2018) or based on identified market opportunities for
teaching-led universities (Belitski & Heron, 2017).

Human capital identifies opportunities and experiments with new ideas while generating
new knowledge in order to proceed to commercialisation (mostly faculty and postgradu-
ate students within the research-oriented universities) and the creation of new ventures to
address market demand (both university faculty and students within teaching- and research-
led universities). This led us to hypothesise that:

H2a: Knowledge providers have a positive effect on university start-up activity and
the licencing of technologies in research-oriented universities

H2b Knowledge providers have a positive effect on university start-up activity and no
effect on licencing of technologies in teaching-oriented universities

Before entering the public domain and being transferred into the economy, the knowl-
edge produced by faculty and students might follow either a traditional or formal (licens-
ing) or alternative (non-linear) (new ventures creation, direct contracts with industry, etc.)
routes to commercialisation (Bradley et al., 2013). The former process requires the inven-
tion to be codified and protected via technology transfer offices (hereafter TTOs) (or any
relevant department). The latter involves knowledge facilitators stakeholder groups or sci-
ence parks (hereafter SPs) and business incubators (hereafter Bls). Both stakeholder sub-
groups might be either internal or external to the university.
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2.4 Knowledge codifiers
2.4.1 TTOs and IP offices

To ensure appropriate protection for a given invention, academia usually works with tech-
nology and intellectual property offices (Lockett et al., 2015) who are responsible for pro-
tecting intellectual property (IP) rights via codifying new knowledge and technologies,
including patents, copyright, trademarks and designs (Gubitta et al., 2016). Additionally,
TTOs are considered pivotal cross-level brokers within the entrepreneurial ecosystem
(O’Kane et al., 2021) to seek the potential application of such codified knowledge. Patents
and licences are a visible method and channel to spillover codified knowledge via the tra-
ditional route (Aksoy & Beaudry, 2021; Fisch et al., 2016), especially for research-focused
universities which have more codifiable research outcomes compared to teaching-oriented
universities. They facilitate the commercialisation of inventions and the creation of new
ventures contributing to the university’s third mission (Sengupta & Ray, 2017). They also
enable start-ups (which was set up not necessarily based on research outcomes but e.g.,
market gaps) to raise external funding (Farre-Mensa et al., 2015), especially in teaching-led
universities. Patenting is a strong, robust (not necessarily a research-based) predictor for
the decision by a financial agent to invest in a firm (Stuart & Ding, 2006). Patents thus can
be seen as a promising starting point for knowledge spillover and technology commerciali-
sation (van Holm et al., 2021).

The licencing of patents is one of the channels through which new knowledge can be
transferred from universities to industry. It occurs through TTO, who facilitate communi-
cation with other actors, promoting codified knowledge to industry (O’Kane et al., 2021;
Perkmann et al., 2013) and formalising the knowledge transfer process (Siegel, 2018). The
sale of licenses to companies is one way by which university patents can be exploited, pro-
viding an additional and often substantial income more profoundly for research-led univer-
sities (Siegel & Leih, 2018).

Summing up, TTO and IP offices are an important conduit to transfer a newly developed
codified knowledge from university to industry following the traditional way of commer-
cialisation and is a robust predictor for new ventures creation in teaching-led universities.
This discussion thus led us to hypothesise that:

H3a: Knowledge codifiers have a positive effect on the licencing of technology and no
effect on university start-up activities in research-oriented universities.

H3b: Knowledge codifiers have no effect on the licencing of technology while having a
positive effect on university start-up activities in teaching-oriented universities.

2.5 Knowledge facilitators

2.5.1 Science parks and business incubators

In the seminal work of Link and Scott (2017) analysed the diffusion of innovations and
their effects on universities, they specifically argue that Science Parks played a huge role

in the spread of new knowledge. However, they also point on the following challenges of
knowledge commercialization in science parks such as interaction of university faculty
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with science parks divert faculty from students and curriculum towards commercial activi-
ties influencing the character of university research.

When the new knowledge created by universities is not commercialised formally through
a TTO (e.g., patents, licences), it might alternatively be used for the creation of new compa-
nies. The creation of new ventures requires a supportive infrastructure and stakeholders who
facilitate knowledge spillover outside the university domain, contributing to local economic
development (Markman et al., 2008). Within the entrepreneurial university context, science
parks and business incubators play this role of knowledge facilitation (Audretsch & Belitski,
2019; Wright et al., 2019a, 2019b).

The primary goal of SPs and BIs is to facilitate knowledge transfers from academia and
research institutions and create new firms (Hayter, 2016; Ng et al., 2021). The main idea
behind the establishment of SPs is to generate knowledge spillovers and develop the neces-
sary infrastructure, provide networking opportunities (Lamperti et al., 2017; Theeranattapong
et al., 2021) as well as administrative, logistic and technical help to new firms, including those
which are driven by university research (e.g., creating spin-offs utilising IP right) (Lecluyse
et al., 2019; Ng et al., 2021). This objective is more effective for the research-led universi-
ties (Hayter et al., 2018) as new start-ups can participate in joint R&D projects and develop
innovation clusters for knowledge commercialization. Science parks facilitate the acquisition
of external research funding of universities (Link & Link, 2003) as well as change university
research focus to more commercial (Link & Scott, 2017).

According to Murphy and Dyrenfurth (2019), the support provided by incubators help
people to conceptualise their ideas (which do not necessary based on research outputs and
thus might be more effective within teaching-led universities) and launch businesses success-
fully facilitating knowledge spillover. Such support to new firms may include workshops,
mentorship, access to investors (Abduh et al., 2007), and access to networks of entrepreneurs
(Soetanto & Jack, 2013). In addition, business incubators offer support services in the form of
equipment such as fax machinery, photocopiers, computers (Hatten, 2006), facilities (office
space), knowledge and management support. Even though the effect of BI on new venture
viability is contingent on the type of support provided (Bergek & Norrman, 2008), they do
facilitate the companies’ creation by providing incubation service (Lasrado et al., 2016).

2.5.2 Venture capitalists (VCs)

The availability of VCs is vital to the success of a company (Samilla & Sorenson, 2010;
Powers & McDougall, 2005). Universities which can commercialize knowledge by starting
new firms and acquiring property rights on the invention will be more successful in securing
venture capital (Croce et al., 2014). Access to venture capital is the second-most important
channel in the UK (after government support through University Challenge Funding) (Wright
et al., 2006) to facilitate knowledge spillover. Additionally, to financial capital, VCs provide
academic entrepreneurs with managerial and technical advice on running a business and allow
access to their business networks (Hayter, 2016) as well as markets and industry (Vohora
et al., 2004; Gubitta et al., 2016).

To summarise, science parks, business incubators, and VCs are mechanisms that facilitate
the creation of knowledge-based spin-offs including via utilisation of IP rights (for research-
oriented institutions) and university-based start-ups (for teaching-oriented institutions). We
thus hypothesise that:

H4a: Knowledge facilitators have a positive effect on the licencing of technologies
and university start-up activities in research-oriented universities
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H4b: Knowledge facilitators have no effect on the licencing of technologies while
having a positive effect on university start-up activities in teaching-oriented universi-
ties

In Fig. 1, we conceptualised how the process of collaboration between stakeholders and
entrepreneurial universities occurs and to which outcomes such collaboration could poten-
tially lead. The process accounts for both traditional and alternative routes of knowledge
transfer. For both approaches, the process begins with the knowledge-enabling stakehold-
ers, who create the opportunities to facilitate discovery (e.g., by providing funding for the
research or having market gaps). These stakeholders also contribute to idea generation
and exchange. Knowledge providers then use these opportunities to work on developing
new knowledge via research projects and teaching (Jongbloed et al., 2008; Link & Siegel,
2005). In the next stage, newly developed ideas follow traditional or alternative routes of
commercialisation and might take different paths. It might engage knowledge codifiers
when the invention is disclosed to TTOs for evaluation and following promotion of the
invention to the market (Siegel, 2018). Alternatively, the process can involve knowledge
facilitators who enable knowledge transfer and the creation of new firms. These stakehold-
ers provide support to ensure the successful launch of ideas on the market (Albahari et al.,
2019).

In addition, newly developed knowledge might turn into services which are provided
back to the industry in the form of consultancies and/or professional development courses
(Perkmann et al., 2013). All stakeholders provide different support to facilitate knowledge
and technology commercialisation, contributing to the third-stream income generation by
the university.
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| transfer property i ownership)
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Partners searching
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 Govenment |y Industry
Networl . 1 (Enterprise !
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Conceptualisation of the university and stakeholder collaboration process to facilitate knowledge spillover (general conceptualisation)

Fig. 1 Conceptualisation of the university and stakeholder collaboration process to facilitate knowledge
spillover (general conceptualisation)
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2.6 The context of the UK higher education system.

There is a general binary divide in the UK Higher Education sector (Guerrero et al., 2015;
McCormack et al., 2014) between the older (founded before 1992), more research-oriented
universities, and those which gained university status after 1992 following the introduction
of the Further and Higher Education Act, and university colleges that became universities
later on. These new universities are more teaching-oriented, providing vocational educa-
tion and training.

Further, there is a difference between the 24 research-oriented universities (or Russell
Group) and the other old research universities (the Top-5 research universities: Oxford
University, Cambridge University, Manchester University, Imperial College London, Uni-
versity College London). In addition, there is a difference between the newer universities
(or former polytechnics which offered degrees in more technical subjects) and those that
previously were further education colleges (McCormack et al, 2014). Due to the heteroge-
neity among the Russel Group universities (Boliver, 2015) and the dominance of the top-5
universities, a fine-grained distinction exists between the two groups.

Thus, we categorise the UK universities into three main groups based on their research
intensity and historical development while all of them do have a diverse infrastructure for
knowledge transfer (Table 8, Appendix A). Our research-intensive universities are Russel
Group universities, and we controlled for the top-five research group. The teaching domain
included former polytechnics and teaching-led universities (not included in any of the
groups described before). Our categorization is consistent with other research which has
emphasised the institutional differences in the sector (Abreu et al., 2016).

3 Data and method
3.1 Sample

We have explored entrepreneurial outcomes of 139 UK universities for 7-year period
(between 2010 and 2016) taking into consideration the contribution of different stakehold-
ers into achieving those outcomes. The data was collected by the Higher Education Sta-
tistics Agency (HESA), specifically the university-business collaboration survey (Higher
Education Business and Community Interaction Survey (HE-BCIS)). This is open-access
data available at the university level. We supplemented the HE-BCIS statistics using other
data from HESA (e.g., university establishment year, number of faculty and students).

We understand the entrepreneurial university outcomes drawing on Guerrero et al.
(2015) who associate entrepreneurial university with the mechanism of how univer-
sity activities transformed into production factors contributing to social and economic
development.

Following Guerrero et al. (2015) entrepreneurial university is an institution that had
entrepreneurial outcomes from teaching (staff and student start-ups), and/or research
missions (contract and collaborative research, consultancy, university spin-offs, IP rev-
enues, patents), or both. We also considered institutions that have established support
structures to facilitate knowledge commercialisation and spillovers (Link & Siegel,
2005). From the teaching perspective, we considered entrepreneurial outcomes of a uni-
versity such as a start-up creation (both staff and graduate) (Marzocchi et al., 2019).
From the research perspective, we considered entrepreneurial outcomes as IP revenues

@ Springer



Conceptualising the entrepreneurial university: the stakeholder... 965

generation and spin-offs creation (Guerrero et al., 2015). We also considered consul-
tancy and training activities as the main factor in the dissemination of new knowledge
(entrepreneurial mission) from both teaching and research activities (Guerrero et al.,
2015).

Additionally, these results should be supported by the established internal system,
either for the research dimension (mostly TTOs or licensing offices) or the teach-
ing dimension (mostly business incubators or science parks), or both (see Table 1 and
Table 8, Appendix A).

From the total sample of UK higher education establishments, we excluded 29 uni-
versities that did not meet our requirements for the period covered (see Table 8, Appen-
dix A for the sample details covered by this research).

We use a relative measure as the percentage of universities that participate in each
specific activity type to visualise the differences between the three subgroups of univer-
sities (Table 8). Relative measures are applied because of the difference in university
numbers in each group.

3.2 Variables
3.2.1 Dependent variable

In terms of measuring entrepreneurial capital at universities, researchers have paid more
attention to two particular performance metrics, which are revenues from utilising pat-
ents (or licensing), as well as the creation of new ventures (Siegel, 2018; Siegel & Leih,
2018; Siegel & Wright, 2015). Audretsch and Keilbach’s (2004) definition of university

Table 1 General features of the sample by university subgroup (% of universities in a group which perform
certain commercialisation activities and have supportive infrastructures)

Indicator University Type
Russel Group Uni- Polytechnic Univer- Rest Teach-
versities sities ing Universi-
ties
Consultancy and CPD 100.00 100.00 100.00
Contract research 100.00 100.00 91.00
IP revenues 100.00 93.00 65.00
University staff start-ups 25.00 30.00 17.00
University graduates’ start-ups 75.00 80.00 68.00
University spin-offs 87.00 43.00 36.00
Venture capitalists support 91.00 70.00 58.00
University Science park 37.00 16.00 14.00
External Science park 29.00 23.00 23.00
TTO exists at the University 79.00 46.00 45.00
TTO and other organisations 16.00 43.00 25.00
University Business incubator 79.00 66.00 63.00
External Business incubator 8.00 - 3.50
Number of universities in the sample 24 30 85
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entrepreneurial capital consists of looking at the latter, while research conducted over
the past decade has placed its emphasis on licensing revenues (Markman et al., 2005).
These two metrics (IP revenues and new ventures creation) represent a certain status
quo for accessing the entrepreneurial university within the framework of the profit-ori-
entation model.

The benchmark of entrepreneurial capital is the number of new companies created by
exploring university inventions (Markman et al., 2009). However, according to Siegel and
Wright (2015), this measure does not capture the number of new ventures created by stu-
dents, while entrepreneurial activity usually originates from student-led start-ups supple-
mented by programmes and classes. According to Astebro et al. (2012), there is a lack of
studies within the area examining new ventures created by students. We address this gap by
including the measure of students’ enterprise in the research.

Thus, our dependent variables represent IP revenues generation as well as the creation
of three types of entrepreneurial university ventures, which are academic spin-offs, staff
and graduate start-ups. We have provided definitions of all three types of companies as
well as some other variables included in the modelling in Table 9. We used natural loga-
rithms for all the dependent variables (Siegel et al., 2003).

3.3 Independent variables

We grouped independent variables based on the outcomes of activities with four different
stakeholder types (see Table 9 in Appendix A).

3.3.1 Knowledge enablers

The government is represented by the value of collaborative research contracts per staff
member, or by the total funding that government (both the UK and EU) provides to univer-
sities to conduct research (Guerrero et al., 2015). Industry as a stakeholder is represented
by the total value of consultancy per staff member and the training courses that universities
provide for businesses (Hewitt-Dundas, 2012) (e.g., bespoke courses at business premises
and courses for professional development), as well as the value of contract research.

3.3.2 Knowledge providers

Knowledge providers, as stakeholders, are represented by the total number of research
staff, teaching staff and research and teaching staff together (Belitski & Heron, 2017). We
have also included the number of doctoral students and those studying other higher degrees
(Hayter et al., 2018). Additionally, we have considered the share of undergraduates and
postgraduates taking STEM, biology, medicine and physics, business and administrative
courses, as well as university employment indicators per 1,000 students (Pavone, 2019).

3.3.3 Knowledge codifiers

TTO services might be both internal and/or external to the university (Siegel et al., 2003).
Along with the IPOs, as a stakeholder, which is represented by the number of patents
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granted per staff member (Hewitt-Dundas, 2012) we consider IPOs and TTOs as repre-
sentatives of the knowledge codifier stakeholder group.

3.3.4 Knowledge facilitators

Venture capitalists, as stakeholders, are represented by the total value of investment univer-
sity spin-offs and staff and graduate start-ups receive. We measure collaboration between
universities and science parks and business incubators by identifying whether universities
provide such services, whether internally and/or through outsourcing.

In the final modelling, some of the variables described above have been excluded due to
the multicollinearity issues. Descriptive statistics of the sample are presented in Table 10
while the correlation matrix is presented in Table 11.

To check, whether the variables chosen actually represent the stakeholder subgroup, we
applied the Cronbach alpha approach. Cronbach’s alpha is a measure of scale reliability
and might be written as a function of tested items number, the average inter-correlation
among them and the cut-off point (Wooldridge, 2010).

All new constructs have Cronbach alpha greater than 0.70, which is the reliability
threshold for this analysis (Cronbach, 1951). The variables used to create Cronbach alphas
are described in Table 9 (Appendix A). Control variables and their effect are presented in
Appendix B.

3.4 Method

We test our hypotheses using the pooled ordinary least squares (POLS) with university and
time fixed effects.
The following model was estimated:

= f(Px;y 0z Appty) i=1,... Nit=1,...,T (1

where y;, is a set of dependent variables (represented by IP revenues as well as new ventures
creation (including university spin-offs and staff and graduate start-ups)) of a university i at
time 7. /2 and /Y are parameters to be estimated, x; is a vector of independent explanatory
variables lagged 1 year (four groups of stakeholders), z; is a vector of exogenous control
variables lagged 1 year; a; presents time fixed effects to capture potential changes over time
for all universities (e.g. research assessment exercises for UK universities in 2014); and 4,
presents university fixed effects to measure the potential changes within each university
over time (e.g. university-specific characteristics such as culture, traditions, informal insti-
tutions etc.);u;, is a common intercept in the Model 1 (Wooldridge, 2010).

As a robustness check, in addition to the Pooled OLS basic estimation we estimate
Eq. (2) adding interactions between stakeholders (¢;,) :

Yi =f(Bxy w0z an Appy)i = 1,..., Nyt = 1,...,T )

where y;, is a set of dependent variables (represented by IP revenues as well as new ven-
tures creation (1nclud1ng unlversuy spin-offs and staff and graduate start-ups)) of a univer-
sity i at time ¢. 12,y and EY are parameters to be estimated, x;, is a vector of independent
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explanatory variables lagged 1 year (four groups of stakeholders), z;, is a vector of exog-
enous control variables lagged 1 year; ¢, is a vector of interactions between stakeholders
lagged 1 year; a; presents time fixed effects to capture potential changes over time for all
universities (e.g. research assessment exercises for UK universities in 2014); and A, pre-
sents university fixed effects to measure the potential changes within each university over
time (e.g. university-specific characteristics such as culture, traditions, informal institutions
etc.); u; is a common intercept in the Model 2 (Bell & Jones, 2014).

Interaction effects were applied to check if the effect of one variable depends on the
value of another variable (Bell & Jones, 2014).

To incorporate the potential non-linear relationship between the dependent and inde-
pendent variables, we use logarithmic transformations of some variables. To address the
concern of multicollinearity, we used a variance inflation factor (VIF) which was always
less than 5 for each variable (Wooldridge, 2010).

4 Results

We start by reporting the results of Tables A 6—9, which illustrate the effect of stakehold-
ers and their support on generation of the entrepreneurial outcomes including IP revenues
and new ventures creation (university spin-offs, staff and graduate start-ups). The results
are grouped by university type and include four different models of university collaboration
with stakeholders. We report the main findings in this section and discuss them in the next
section for all the university types.

We analysed pooled data for all three university types — Russel group, polytechnics,
teaching-led university.

4.1 Russel group universities

Results for the conceptual model of the Russel group universities are reported in Table 2
(spec. 1-4).

As for the knowledge enablers, the financial support from the government contributes
to both IP revenues and new companies’ creation at university while the one from indus-
try is only significant for new companies’ creation. Table 2 (spec. 1-4) demonstrates that
increase in other funding by 1% increases IP revenues generation by 0.06% (f=0.060,
p <0.050) and spin-offs creation by 0.04% (p=0,045, p <0.050). In addition, an increase
of 1% in the financial support from other government departments boosts university spin-
offs creation by 0.06% (p=0.060, p<0.010).

Support of knowledge providers was found to be important to increase IP revenues
generation and start-ups creation. However, Russel group universities with a large num-
ber of other high qualification students are less likely to increase their IP revenues com-
pared to other Russel group universities with fewer "other students". An increase of 1%
of such students reduces IP revenues by 1.24% (p=-1,244, p<0.001). An increase in
teaching capital by 1% rises IP revenues by 0.25% (p=0,253, p <0.010). When it comes
to the university research capital, its growth by 1% increases IP revenues by 0.84%
(B=0,836, p<0.001), university spin-offs by 0.42% (f=0,415, p<0.010) and graduate
start-ups by 0.81% (p=0,809, p <0.05). Turning to the undergraduate and postgraduate
students, their effect varies between the type of study and the outcome variables (see
Table 2, spec. 1-4).
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As for the knowledge codifiers, TTO set up at the university increases IP revenues gen-
eration by 0.54% ($=0,538, p<0.050) and staff start-ups creation by 0.29% (p=0,290,
p <0.050) (Table 2, spec. 1-4).

When it comes to knowledge facilitators, university collaboration with the external sci-
ence parks increases the creation of staff start-ups by 0.30% ($=0,301, p<0.010) while
on-campus science parks boost IP revenues generation by 0.5% (f=0,496, p<0.010) and
staff start-ups creation by 0.22% (p=0,228, p<0.010). Business incubators have positive
effect on IP revenues (f=0,889, p<0.050) and graduate start-ups (f=1,388, p<0.001).
An increase in investment into the university spin-offs by 1% reduces graduate start-ups
creation by 0.11% (p=-0,110, p <0.001), which may point to the competition for resources
between start-ups and spinouts at university. An increase in investment into the staff start-
ups by 1% increases staff start-ups creation by 0.09% (p=0,090, p<0.001). We also
noticed that an increase in the investment into graduate start-ups by 1% increases the crea-
tion of this type of new ventures by 0.11% (8=0,113, p<0.001) while reducing IP rev-
enues generation by almost 0.07% (p=— 0,067, p <0.050) (Table 2, spec. 1-4).

Interaction analysis for the Russel group universities model is illustrated in Table 3
(spec. 1-4). The following combinations of stakeholders are positive and significant for
the entrepreneurial outcomes of this university type: industry with TTOs for spin-offs
creation (f=1,779, p<0.010); government with TTOs for university spin-offs (f=0,696,
p <0.050) and staff start-ups creation (§=0,317, p<0.010); VC investments and students
for staff start-ups creation (f=0,427, p < 0.050).

We also found that the following combinations of stakeholders will negatively affect
the entrepreneurial outcomes of the university (Table 3, spec.1-4). First, science parks and
incubators with VC investments (§=-0,670, p<0.001) and second—government with the
faculty (B=-0,602, p <0.010) reduce IP revenues; third—government with VC investments
reduce staff start-ups creation activity (p=-0,187, p<0.010); fourth—industry with VC
investments reduces IP revenues generation (f=-1,326, p <0.010) and staff start-ups crea-
tion (f=-1,162, p <0.050); sixth—TTOs with faculty (B=- 0,412, p<0.010) and faculty
with VC investments reduce staff start-ups creation (f=— 0,541, p<0.001). While we
find several significant negative interactions between stakeholders, this does not diminish
our findings and support for our hypotheses. One can also notice that most of the negative
interactions were with the VC. In the interaction analysis, we consider the joint effects of
stakeholders on entrepreneurial outcomes of the university, while negative values demon-
strate that these two types of stakeholders are complements. Universities as any organiza-
tion pursue cost minimization strategies given time, managerial and financial constraints,
and once the VC support is secured, universities may want to cut down on other forms of
collaborations with external stakeholders and prioritise VCs. This led to a negative coeffi-
cient in the regression. While each stakeholder has a positive direct effect on entrepreneur-
ial outcomes (H1a-H4a), their joint effect may be conditional on resources and decision-
making on each of stakeholder for university managers and may lead to a substitution of
one stakeholder with another.

4.2 Former polytechnic universities

As for the knowledge enablers stakeholder group (Table 4, spec. 1-4), an increase in
funding from other government departments by 1% increases IP revenues by almost
0.30% (p=0,297, p<0.001), as well as graduate start-ups creation by 0.14% (p=0,138,
p <0.050) whereas reduces spin-offs creation by 0.06% (p=-0,062, p <0.010). Increase
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in other government funding by 1% boosts the creation of graduate start-ups by 0.14%
(B=0,143, p<0.001) while reduces staff start-ups by almost 0.03% (p=-0,028,
p<0.001). Growth of revenues from bespoke courses does not affect university new
ventures creation. Growth in revenues from consultancy and CPD courses by 1%
increases IP revenues by 0.55% (p=0,546, p <0.050) and spin-offs creation by 0.21%
(B=0,210, p<0.001), while reduces graduate start-up’s creation by 0.69% (=-0,689,
p<0.001).

With respect to knowledge providers, an increase in students within the other high
degree by 1% boosts graduate start-ups creation by 0.54% (p=0,541, p <0.050), while
reducing staff start-ups creation by 0.31% (f=-0,314, p <0.001). An increase in univer-
sity teaching only capital by 1% reduces IP revenues generation by 0.18% (p=-0,178,
p<0.050). Surprisingly, university research only capital have no effect on outcome
variables for this university type. As for the mix of teaching and research capital, an
increase in this human capital by 1% reduce graduate start-ups creation by 0.13%
(Bp=-0,128, p<0.050). As for the undergraduate and postgraduate students, they have
different effects on outcome variables (see Table 4, spec. 1-4), however, the standard
error is high enough making the influence not significant.

When it comes to knowledge codifiers, for this type of the university, the support
provided by TTO set up at the university reduces university spin-offs creation by 0.37%
(B=- 0,367, p<0.010) and graduate start-ups creation by 0.96% (p=-0,960, p < 0.050).
When it comes to patenting offices, they have an effect on outcomes variables while it is
not significant due to the high standard error.

With respect to the knowledge facilitators (Table 4, spec. 1-4), the support of exter-
nal science park causes a 0.31% rise in the creation of university spin-offs (f=0,311,
p<0.001). If science park set up within the university, this might increase the crea-
tion of spin-offs by 0.43% (p=0,434, p<0.001), while the creation of graduate start-
ups would decrease by 0.59% (f=-0,594, p<0.010). Support from business incuba-
tors which set up at the university could lead to the decrease in IP revenues generation
by 0.60% (B=— 0,605, p<0.010), while increasing staff and graduate start-ups crea-
tion by 0.17% and 1.4% respectively (=0,170, p<0.010; p=1,397, p<0.001). Uni-
versity collaboration with external business incubators boosts staff start-ups creation
by 0.74% (B=0,744, p<0.050). When it comes to the funding, growth of investment
from VCs into university spin-offs by 1% increases the creation of this type of new ven-
ture by almost 0.05% (p=0,048, p <0.050). Consequently, growth of investment into
the staff start-ups by 1%, cause a rise in the creation of this type of new ventures by
0.17% (p=0,170, p<0.001), while reduce graduate start-up’s creation by almost 0.19%
(B=- 0,185, p<0.050). Finally, an increase of the investment into graduate start-ups
by 1% provides a chance of 0.06 more graduate start-ups would be created (f=— 0,064,
p<0.010), while 0.04% less of university spin-offs (f=— 0,036, p <0.010) and 0.05%
fewer of staff start-ups (p=— 0,046, p <0.001) might be created.

Interaction analysis for the Polytechnics is illustrated in Table 5 (spec. 1-4). We
found that a combination of science parks and business incubators with TTOs as well
as government with TTOs increase IP revenues generation (f=0,686, p <0.050 and
B$=0,385, p<0.010 respectively). The combination of government with VC investment
increases graduate start-ups creation (f=0,491, p <0.010).

We were also able to identify negative interactions between stakeholders in their effect
on entrepreneurial outcomes. For example, we found negative interaction coefficients of
Science Parks and Business Incubators with university students when it comes to the grad-
uate start-ups creation (f=— 1,028, p <0.050); and VC investments with students when it

@ Springer
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comes to the creation of spin-offs (f=— 0,904, p <0.001). The number of negative effects
is less associated with teaching type of universities than with research-led universities as
they have lower opportunity costs of collaboration and are more likely to collaborate with
multiple stakeholders, while research-led universities are more selective in the choice of
stakeholders (Table 6).

4.3 Other teaching-led universities

When it comes to knowledge enablers (Table 4, spec. 5-8), an increase in financial sup-
port from other government departments by 1% enlarge IP revenues generation by 0.13%
(p=0,130, p<0.001) as well as spin-offs creation by 0.02% (=0,020, p<0.010). An
increase in other funding by 1% enlarge IP revenues generation by 0.15% (=0,149,
p<0.001), graduate and staff start-ups creation by almost 0.07% and 0.02% respectively
(B=0,068, p<0.001 and p=0,015, p<0.050). As for the bespoke courses university pro-
vide for industry, it has a positive effect on graduate start-ups creation while it is not sig-
nificant. In addition, an increase in the income from consultancy and CPD courses for busi-
ness by 1% enlarge IP revenues generation by 0.14% (p=0,136, p <0.050).

As for the knowledge providers (Table 4, spec. 5-8), growth in the number of other
high qualification students by 1% increase IP revenues generation by 0.13% (p=0,134,
p<0.010), creation of university spin-offs by 0.04% (p=0,043, p<0.010) and gradu-
ate start-ups by 0.17% (f=0,168, p<0.050). Increase in university teaching only cap-
ital by 1% increase IP revenues by 0.07% (B=0,073, p<0.010). An increase in univer-
sity research only capital by 1% boosts IP revenues by 0.21% (p=0,212, p<0.001) and
spin-offs creation by 0.25% ($=0,247, p <0.050). However, growth in the number of fac-
ulty who perform a mix of research and teaching activities by 1% reduces the creation of
graduate start-ups by 0.26% (p=-0,260, p<0.001). As for the university undergraduates
and postgraduates, they have different effects on outcome variables while only several of
them are significant. Thus, an increase in biology, medicine and physics undergraduates
by 1% decrease university spin-offs creation by 1.01% (B=1,015, p<0.001); increase in
the number of business studies postgraduates enlarge graduate start-ups creation by 3.79%
(B=3.,786, p<0.001); and increase in business undergraduates by 1% cause rise in staff
start-ups creation by almost 0.70% (p=0,691, p<0.010).

When it comes to knowledge codifiers (Table 4, spec. 5-8), TTO set up at the university
boosts graduate start-ups creation by 0.70% (=0,696, p<0.001). As for the collaboration
of the university with external TTO, it has a chance to increase IP revenues generation
by 0.62% (p=0,620, p<0.001), while reducing staff start-ups creation by almost 0.09%
(B=- 0,088, p<0.010).

As for the knowledge facilitators (Table 4, spec. 5-8), the support provided by sci-
ence parks set up around the university cause rise in the creation of spin-offs by 0.24%
(p=0,241, p<0.001) and staff start-ups creation by 0.25% (p=0,253, p<0.001), while it
impacts negatively graduate start-ups’ creation by 0.45% (p=-0,448, p <0.050). When it
comes to the support provided by business incubators set up at the university, they might
lead to an increase in graduate start-ups’ creation by 0.41% (p=0,409, p<0.001). For this
type of universities, business incubators support out of the university boundaries might
facilitate IP revenues generation by 1.39% (= 1,394, p <0.001). An increase of investment
into university spin-offs might cause a rise in IP revenues generation by 0.16% (p=0,157,
p<0.001), in university spin-offs creation by 0.02% (p=0,019, p <0.050). An increase of
investment into staff start-ups by 1% boosts IP revenues generation by 0.11% (f=0,113,
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p<0.050) and staff start-ups creation by almost 0.10% (8=0,095, p <0.001). An increase
of the investment into graduate start-ups by 1% causes a rise of 0.22% and 0.02% in the
creation of graduate (f=0,216, p<0.001) and staff (p=0,018, p<0.050) start-ups
respectively.

Interaction analysis for the other teaching universities is illustrated in Table 5 (spec.
5-8). The following combinations of stakeholders are positive and significant for the entre-
preneurial outcomes for this university type: government with faculty for IP revenues gen-
eration (p=0,320, p<0.010); government with VC investments for staff s-ups creation
(p=0,142, p<0.050).

There were negative associations between science parks and business incubators
with VC investments for spin-offs and graduate start-ups creation (f=-0,330, p <0.050
and f=— 0,550, p<0.001); industry vs VC investment for graduate start-ups creation
(B=-0,408, p<0.010); TTOs vs VC investments for IP revenues generation (§=-0,217,
p<0.010); Faculty vs VC investments and VC investments vs students for graduate start-
ups creation (f=-0,453, p <0.050 and p=-0,505, p <0.050 respectively).

To conclude the results section, below we provide a Table 6 with all the Hypotheses and
the outcomes of the calculations together with the explanation.

Table 6 Aggregated results of hypotheses testing

No Hypotheses Russel Group Universities Former Polytechnic ~ Other teaching universities
universities
1 Hla Supported N/A N/A
Hlb N/A Supported Supported
2 H2a Supported N/A N/A
H2b N/A Partly supported Partly supported
3 H3a Partly supported N/A N/A
H3b N/A Partly supported Partly supported
4 H4a Supported N/A N/A
H4b N/A Partly supported Partly supported

Russel group universities Our results support Hla that knowledge enablers (government
and industry) positively affect university start-up activity and the licensing of technologies
proxied by IP revenues in research-oriented universities. In addition, H2a has been sup-
ported showing that knowledge providers positively affect university start-up activity and
the licencing of technologies in research-oriented universities. The H3a is partly supported
as knowledge codifiers have positively affected both licencing of technology and university
start-up activities in research-oriented universities.

H4a has been supported showing that knowledge facilitators have a positive effect on
both the licencing of technologies and university start-up activities in research-oriented
universities.

Polytechnic universities Our finding partly supports Hlb as knowledge enablers increase
licencing of technologies, however, the effect on new business creation is mixed, mainly
supporting graduate start-ups in teaching-oriented universities. H2b have been partly sup-
ported as knowledge providers have both positive and negative effect on new ventures
creation and cause a negative effect on the licencing of technologies in teaching-oriented
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universities. H3b has also been partly supported as knowledge codifiers indeed do not
affect IP revenues generation for this university type (teaching-oriented) while is associated
negatively with new companies’ creation. H4b has been supported partly as well as knowl-
edge facilitators have mixed effect on new ventures creation and are negatively associated
with the licencing of technologies in teaching-oriented universities.

Other teaching universities H1b have been fully supported as knowledge enablers have a
positive effect on university start-up activity and the licencing of technologies in teaching-
oriented universities. H2b have been partly supported as knowledge providers have both
positive and negative effect on university start-up activity and positive effect on the licenc-
ing of technologies in teaching-oriented universities. H3b have been partly supported as
well as knowledge codifiers have both positive and negative effect on university start-up
activities and are positive for the licencing of technologies in teaching-oriented universi-
ties. In addition, H4b has been partly supported as knowledge facilitators have mostly a
positive effect on university start-up activity (except for the negative effect of science parks
on graduate start-ups) and have a positive effect on the licencing of technologies in teach-
ing-oriented universities.

5 Discussion

By analysing the impact of support provided by different actors to an entrepreneurial uni-
versity, we classify stakeholders and conceptualise the process of knowledge creation and
spillover from universities of different types. Our results demonstrate that while all the four
stakeholder subgroups presented (knowledge enablers, creators, codifiers and facilitators)
make a substantial contribution to the final outcome, their impact varies with the type of
entrepreneurial university. In this section, we describe the commonalities and differences
between universities, contribution to theory as well as discuss the outcomes with respect to
the literature.

5.1 Commonalities and differences in the results

Based on the results across three groups of the universities the following commonalities
and differences between university types were found.

Firstly, between the Russel group and Polytechnic Universities we found that when
it comes to IP revenues generation, both university types do benefit from collaborating
with government (via research funding) and Industry (via providing consultancy and
trainings). Interestingly, while for Russel group universities teaching only and research
only capital positively contribute to the final outcome, teaching only capital cause a
negative effect for Polytechnics. As for TTOs and science parks, only Russel group uni-
versities are benefiting from collaborating with this stakeholder when it comes to IP rev-
enues generation. Furthermore, business incubators positively contribute to IP income
in Russel group universities, Polytechnics get a reversed effect on collaborating with
this stakeholder.

When it comes to new ventures creation, while collaboration with government is posi-
tive for Russel group universities, the effect is twofold (both positive and negative) when it
comes to Polytechnics. The same effect has both university faculty and science parks (posi-
tive for Russel group and twofold for Polytechnics). Interestingly while university students
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are not significant for Russel group universities when it comes to new companies’ creation,
they have a twofold effect at Polytechnics. A similar effect has collaboration with industry
(consultancy and trainings for business). Collaboration with business incubators would be
positive for both university types. When it comes to TTOs, while Russel group universities
benefit from collaborating with this stakeholder, the effect is opposite at Polytechnics. As
for the collaboration with VC, the effect is both positive and negative at both university
types.

Collaboration with industry in terms of research funding seems to be not very signifi-
cant for new companies’ creation at Russel as well as other teaching universities, while is
both positive and negative for Polytechnics.

Secondly, between the Russel group and Teaching Universities we found that the follow-
ing stakeholders positively contribute to IP revenues in both university types: government
(research funding), university faculty (teaching only capital and research only capital),
TTOs, business incubators, industry (consultancy and trainings for business). Interestingly
that while VCs are negative for Russel group universities when it comes to IP income, this
stakeholder has a positive effect on rest teaching universities. Science parks are significant
for Russel group universities with no effect of this stakeholder at rest teaching universities.

However, compared to other two sub-groups of universities, teaching only oriented fac-
ulty at the Polytechnics have a negative effect on IP income generation. Thus, according to
Somers et al. (2018), one of the challenges facing the entrepreneurial path of teaching-led
universities is related to a lack of research resources when the majority of faculty focus on
teaching.

When it comes to new companies’ creation, while the collaboration with government
and business incubators are positive for both university types, the effect of other stake-
holders is different. Thus, while both university faculty and TTOs have a positive effect at
Russel group universities, the impact is opposite at rest teaching universities. Interestingly
while university students have a twofold effect on new companies’ creation at rest teaching
universities, they are not significant for Russel group universities. Finally, while science
parks have a positive effect on new ventures creation at Russel group universities, they are
twofold at rest teaching universities. The effect is reversed when it comes to VCs, being
twofold for the Russel group and positive for the rest teaching universities.

Thirdly, between the Polytechnic and rest teaching universities we found that while
both Government and Industry positively contribute to IP income generation, the effect
of other stakeholders is diverse. Thus, while teaching only capital have a negative effect
at Polytechnics, this type of stakeholder together with research only capital is positive at
rest teaching universities. While business incubators positively contribute to IP income at
rest teaching universities, the effect is opposite at Polytechnics. Finally, university students,
TTOs and VCs have a positive effect on IP revenues at rest teaching universities, they are
not significant for Polytechnics when it comes to IP income.

When it comes to new companies’ creation, both university students and science parks
have twofold effect in both university types. The effect of business incubators is positive
while science parks have a twofold effect at both university types. However, while the
effect of government and VCs are positive for the rest teaching universities, these stake-
holders have a twofold effect (both positive and negative) at Polytechnics. Collaboration
with TTOs is negative for both university types. University faculty represented by those
holding mix of teaching and research positions have a negative effect on new ventures crea-
tion at both university types.
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5.2 Theoretical implications

Our theoretical framework and empirical tests add to the knowledge transfer and entrepre-
neurship literature and provide implications for scholars, policymakers, and managers.

Theoretically, we expand the KSTE by arguing that in addition to the role of the context
rich in knowledge which matters for recognizing entrepreneurial opportunities at universi-
ties, it is external support provided at different stages of knowledge development and trans-
fer which boosts the decision of staff and students to start a new venture and for the uni-
versity to target entrepreneurship activity as the third mission of a university (Audretsch,
2014). In particular, by incorporating the stakeholders at different stages of knowledge
creation and transfer and describing the support they provide, this study sheds light on the
following important relationship between stakeholders and the entrepreneurial university.
This study has demonstrated that knowledge enablers (government and industry) contrib-
ute to IP revenues generation across all university types with the government’s provision
of financial resources as one of the key elements to facilitate entrepreneurship activity
highlighted by Fini et al. (2020) and adding to what we know from Belitski et al. (2019)
and Miller et al. (2014) how government and industry enable further knowledge exchange
between industry and university. We found that an important place in this process is played
by industry spills overs via trainings and CPD courses additionally to consultancy across
universities of all types (Kortum & Lerner, 2001). Surprisingly, research funding from
industry was not proved to have a significant effect on IP revenues generation across all
university types, which illustrates that universities often commercialize knowledge inde-
pendently of industry or use public funding to do so. One interesting point is that consul-
tancy and CPD courses have remained the most significant factors impacting the increase
of IP income in particular at Polytechnic universities. Knowledge providers have remained
an important conduit for IP income generation at both Russel and rest teaching universities.
Our findings advance the traditional human capital view of the university, where schol-
ars found that research capital positively influences university entrepreneurship (Pavone,
2019), and expanding Cunningham et al. (2021) who demonstrated that a professor at the
university with a focus on entrepreneurship constitutes is the first step towards university
entrepreneurial path, but it does not shape university organisational infrastructure.

Interestingly, internal stakeholders such as postgraduate students with other high quali-
fications are associated with an increase in IP income and in particular for the rest teaching
universities (Meoli & Vismara, 2016) while the effect of this stakeholder is opposite at the
Russel group universities. These findings are also followed the traditional human capital
view (Pavone, 2019) and might demonstrate that different internal stakeholders (including
postgraduate students) are more involved in research projects.

The presence of the TTO increases licencing income which was also pointed out by
Siegel and Waldman (2019) and Siegel (2018). In contrast to prior research of Aldridge
and Audretsch (2010) and Belitski et al. (2019), where the main stakeholder of knowl-
edge commercialization was industry, we argue that TTO may also play an important
role in knowledge commercialization and for research-led universities. This study has
demonstrated that in the UK a TTO mission has expanded beyond only the protection
of intellectual property rights (Cunningham et al., 2021) but to support ideas and inven-
tions of academics, transferring them to industry and society expanding the work of
Hulsbeck et al. (2013). Thus, this stakeholder is holistically involved in all stages of
entrepreneurship starting from providing support for market validation and shaping and
guiding patenting and licensing process (Cunningham et al., 2021).

@ Springer



Conceptualising the entrepreneurial university: the stakeholder... 991

Advancing the prior research on the role of incubators and science parks (Link &
Scott, 2017; Wright et al., 2019a, 2019b; Amoroso et al., 2019; Ng et al., 2021), we
demonstrated that science parks increase IP income mainly at the Russel group universi-
ties in the UK, while the effect was not significant for the rest. For business incubators,
the effect was positive for all university types. This finding also advances the knowledge
in the field about the role of location on- and off-campus for knowledge transfer. The
differences in location of entrepreneurial outcomes were related to the support science
parks provide for technology development and facilitating R&D links between univer-
sities and industry expanding Arroyo-Vazquez and van der Sijde (2008) and Link and
Link (2003).

We contend that access to venture capital has remained a significant force for licencing
income at rest teaching universities only (no Russel group neither Polytechnics). This is
because of the access to funding which could help reduce time-to-market and expand the
network to spillover the newly created knowledge (Cunningham et al., 2021).

Expanding the prior research on the role of university stakeholders in new venture crea-
tion (Cunningham et al., 2021) we found that the role of collaboration with the government
is important for all university types as it provides funds for research activities (Belitski
et al., 2019; Fini et al., 2020; Link & Scott, 2019). Interestingly the size of the effect dif-
fers between teaching and research universities, due to the extent they are active in grant
applications and scholarship. This study expands our understanding of the role of students
in STEM in university entrepreneurial outcomes by categorising students and doctoral stu-
dents in STEM and biology, physics and medicine and examining how much their numbers
raise new ventures creation at university (Meoli & Vismara, 2016; Pavone, 2019).

When it comes to knowledge codifiers, studies have found that within the organisa-
tional factors the role of TTOs is considered as a key for the success of university spin-offs
(Siegel et al., 2003). Thus, in the UK higher education system, TTOs can be viewed as
conduits for start-up activity and spinouts with the effect being highest in the Russel group
universities. Our study furthers Ferguson and Olofsson (2004) who found that companies
located on science parks have much higher survival rates comparing those off-park. Unlike
their study and in support of (Cunningham et al., 2021; Link & Scott, 2015) we found
that science parks provide support to new ventures across all stages of entrepreneurship
development.

This study has demonstrated that only the rest teaching universities within the UK
higher education sector do benefit a lot more from access to VC while the effect of this
stakeholder group at Russel Group universities as well as the rest teaching universities is
twofold or both positive and negative. We consider the negative impact of the interconnec-
tions between two stakeholders occur from the choice of commercialization route via VCs
or industry (Bradley et al., 2013) and will vary with the university type.

6 Conclusion

We build on the ideas of Guerrero et al. (2015), Link and Sarala (2019), Cunningham et al.
(2021) and showed the interplay of university knowledge and different stakeholders within
the university entrepreneurial ecosystem. This contributes to the knowledge of the univer-
sity entrepreneurial ecosystem and its organisational architecture across different stages of
entrepreneurship (Cunningham et al., 2021).
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From the theoretical perspective, this research advances the knowledge spillover theory
of entrepreneurship by considering support provided to entrepreneurs (academics and stu-
dents in the case of the university) at different stages of entrepreneurship (Cunningham
et al., 2021) by different stakeholders mattered to achieve better entrepreneurial outcomes
and contribute to university entrepreneurial mission. With the lack of support, the potential
entrepreneur is not able to translate their intention into the entrepreneurial act (e.g., new
venture creation or selling IP) (Henley, 2005). The definition for support for entrepreneurs
could be different while Hanlon and Saunders (2007, p. 620) define support for entrepre-
neurship as "the act of providing an entrepreneur with access to a valued resource”. Entre-
preneurial support showed in this study projected in the process way of new knowledge
development including stakeholders who enable the knowledge creation, then those who
create knowledge and finally it includes stakeholders who codify and facilitate knowledge
spillover outside of university boundaries. All these types of support provided by different
stakeholders are needed for entrepreneurs (academic or student) to act on opportunities and
manage the business effectively (Davies et al., 2021; Guindalini et al., 2021). The theoreti-
cal extension of KSTE provided in this study is supported by empirical evidence from the
UK higher education sector over 2010-2016 period.

Secondly, this study has theoretically expanded the concept of the entrepreneurial uni-
versity and provided an architectural design (Cunningham et al., 2021) of the variety of
organisational units supporting entrepreneurship at different stages. It has achieved this by
providing in-depth insights into the organisational structure of the entrepreneurial univer-
sity and its connections with different stakeholders (Foss & Gibson, 2015). Although the
literature on these universities has identified a number of their various features, there has
been little theorization and empirical investigation into the actual model of university col-
laboration with relevant stakeholders in the context of the UK entrepreneurial university
ecosystem.

Thirdly, we made a robust contribution to utilising the stakeholder perspective to
describe the value creation at the entrepreneurial university. This is by applying to the tech-
nology transfer domain and education by matching four groups of entrepreneurial univer-
sity stakeholders with three specific types of entrepreneurial university.

Our study is the first step in the field towards analysing the organisational structure of
the entrepreneurial university and its contribution to entrepreneurial outcomes of the uni-
versity. Such an approach contributes to the existing literature on entrepreneurial univer-
sity architecture, which has largely been atomistic in focussing on specific stakeholders
(Audretsch, 2014).

Our results demonstrated that collaboration with business incubators internally or exter-
nally increases university entrepreneurial outcomes across all university types. There-
fore, on a strategic level, the university top management needs to enable conditions that
will require a strategy for collaboration with business incubators and venture capitalists
on campus and within a region. In addition, access to venture capitalists is another vital
factor to develop entrepreneurial outcomes in teaching-based universities. An increase of
VC in research-oriented universities may reduce IP revenues as most of the resources are
redirected to start-ups and spinouts. The challenge for university top management involves
working out how to best manage and balance stakeholders’ interests in order to maximise
the entrepreneurial outputs.
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University managers should carefully consider the knowledge transfer mechanism and
associated contextual dynamics, including the interrelationship between various groups of
stakeholders in order to make the process of knowledge creation and transfer more effec-
tive and thus to facilitate entrepreneurial outcomes. In terms of enabling the process, deci-
sions regarding resource allocation should be undertaken appropriately to continue using
different knowledge transfer channels.

University top management may need to decide whether to choose IP revenue genera-
tion or the creation of new ventures or implement both strategies. The answer will depend
on the university and stakeholder type.

This research is subject to certain limitations which also allow drawing directions for
future research. A better analysis is needed to understand and compare disciplinary profiles
between universities as academic entrepreneurship varies between disciplines.

In addition, individual-level data on the entrepreneurial outcomes of the university
would complement the concept presented in this study. It also would provide a better
understanding of the micro-processes of entrepreneurship at the university, as well as of
how individual actors (university faculties and students) are supported (or, indeed, other-
wise) in the knowledge creation and spillover processes.

However, the conceptualisation and results presented in this study are not only reliable
for universities in the UK, but the methodology applied could further be duplicated in other
countries as well (i.e. the USA, Germany, Switzerland, China and Spain, among others). It
would be worthwhile collecting similar data from universities in these countries and apply-
ing it within a more complex analytical framework (specific to each country) at some point
in the future.

We recognise that there might be different ways to conceptualise the process of knowl-
edge commercialization at university, presenting generating questions for future research.
In such a sense, future research might focus on solving data availability issues (i.e., access
to data to evaluate all stakeholder contributions, integrating contextual variables per uni-
versity, etc.) and building additional proxies (other measures of entrepreneurship) which
could be used to measure stakeholder contributions more precisely.

Appendix A

Tables 7, 8, 9, 10, 11

@ Springer
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Appendix B
Control variables used in the research

With respect to the entrepreneurial university and its social responsibilities, and in spe-
cific reference to the UK context (Marzocchi et al., 2019), we included control variables as
predictors of university entrepreneurial outcomes. Such variables account for university-
specific features which were included in a model with a one-year lag to enforce a causality.

For university characteristics, we considered the following variables as controls: total
value from renting facilities, a strategic plan for business engagement, incentives for the
university staff to engage with business, and whether the university was amongst the top
five group or otherwise. We also included university age as a proxy for university maturity.

As for facilities, academia can use its buildings and equipment and rent them to busi-
nesses, encouraging entrepreneurial behaviour and generating third-stream income (Etz-
kowitz, 2003) (contributing to the entrepreneurial mission). Table 10 (Appendix A) pro-
vides descriptive statistics for all variables used in our estimation for the overall sample
of 139 UK universities, as well as descriptive statistics for each subgroup of the entrepre-
neurial university. Means and standard deviations across the four samples allow us to com-
pare the university-level characteristics for each group in the population. In addition, we
provide a Pearson-type correlation matrix in Table 11 Appendix A. This provides a statisti-
cal adjustment to the correlations among the variables applied in the model using multiple
regression (Wooldridge, 2010).

Results of the effect of control variables

When it comes to the control variables, there are some patterns between the university
groups on the impact of variables included in the final calculations. Below, we have pro-
vided general information, while details can be found in Tables A 6 — 9.

Interestingly, renting university facilities is not exactly beneficial for universities in gen-
eral and only teaching universities might benefit significantly out of that when it comes to
IP revenues generation. Having a plan for engagement with business has a negative effect
on IP revenues generation for Polytechnics, while is positive for the graduate start-up’s
creation for these university type as well as rest teaching universities. This factor together
with the partnership development indicator as well as the one on contributing to knowl-
edge development is not significant for the strategy of Russel group universities. As for the
incentives for engagement with business, this priority in the university strategy has a posi-
tive effect on IP revenues generation for Polytechnics while is negative for other teaching
universities. The contribution of the university to regional strategy is negative for the IP
revenues generation for teaching universities, while is positive for the start-ups and spin-
offs creation. This factor is not significant for the Russel group universities.

The contribution of the university to economic development through widening partici-
pation/access, have a positive effect on IP revenues generation for teaching universities.
The contribution of universities to graduates retention to the region has different effects
on IP revenues generation with being positive for Polytechnics and Russel group universi-
ties, while is negative for teaching universities. In addition, this factor has a positive effect
on graduate start-ups creation. The contribution of the university to the community has a
positive effect on graduate start-ups creation for the Polytechnics. The contribution of the
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university to the economic development of the region through partnerships development
has a positive effect on IP revenues generation in general but vary when it comes to the
new ventures’ creation.

University’s contribution to the regional skills development has a positive effect on
graduate start-ups creation for Polytechnic and other teaching universities. Contribution of
universities to knowledge sharing has a positive effect on IP revenues generation as well as
the creation of new ventures. This factor is not statistically significant for the Russel group
universities.

Contribution of the university to SMEs development has a positive effect on IP revenues
generation and graduate start-ups creation. Contribution of universities through research
collaboration with industry has a positive effect on IP revenues generation for teaching
universities.
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