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Abstract Much of the existing research on PhD 
entrepreneurship is focused on Academic Spin-Offs 
(ASOs) within the parent institution’s formal intel-
lectual property (IP) structure. Cross-level analysis 
of a survey administered to 23,500 PhD students in 
Italy shows the heterogeneity of PhD students’ entre-
preneurial activities, which, in addition to ASOs, 
include start-ups, corporate spin-offs and other types 
of businesses. We examine the types of drivers that 
matter most for different forms of PhD entrepre-
neurial ventures. Our findings reveal two forces at 
play: a technology-push model where PhD students 
rely on IP and support from the parent university, 
and a demand-led model that involves support from 
industry and sources of external finance. This study 
highlights the strategic alignment among the determi-
nants of PhD entrepreneurship at the micro, meso and 
macro levels. These determinants include the individ-
ual PhD student’s choices, the interactions with dif-
ferent stakeholders and reconciliation of the tensions 
represented by the organizational and institutional 
resources and infrastructures.

Plain English Summary PhD students’ entrepre-
neurial activities are widespread and diverse. There 
is no single set of recommended models related to 
embarking on entrepreneurial activity. While it is 
often assumed that PhD students will become uni-
versity academics or researchers in public or private 
institutions, entrepreneurship is prominent among 
PhDs and exhibits different characteristics. This paper 
explores the heterogeneity of PhD students’ entre-
preneurial pursuits in Italy based on extensive sur-
vey data. The findings reveal that the various types 
of PhD entrepreneurship exhibit distinct motivations, 
resources needs and university and business links. 
Consequently, there is no one-size-fits-all approach 
for potential entrepreneurs interested in launching 
an academic spin-offs, start-ups, or corporate spin-
offs. The key finding from this study is that support 
for PhD entrepreneurial activity must be customized 
to the specific needs of the particular venture and the 
PhD student’s characteristics.
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1 Introduction

This paper examines new firm formation activity by 
PhD students as they transit from academia to the 
entrepreneurial business world. PhD entrepreneur-
ship is a particular phenomenon whose peculiarity 
has mostly been overlooked by the literature. How-
ever, since 2010, the global academic labour market 
has changed and doctoral graduates are finding it 
increasingly difficult to secure a position in academia 
(Roach & Sauermann, 2010). Research on the charac-
teristics of, drivers of and obstacles to PhD students’ 
start-up activities is limited and better knowledge 
about this phenomenon would be informative for the 
design of appropriate support mechanisms and initia-
tives to encourage students’ entrepreneurial activities 
(Muscio & Ramaciotti, 2019). Arguably, PhD entre-
preneurship is one of the main ways to achieve com-
mercialization of academic inventions and promote 
further innovation. Compared to tenured academic 
staff, PhD students are generally younger, more risk-
prone and more motivated to become an entrepreneur. 
PhD entrepreneurship is more likely than other forms 
of entrepreneurship to result in a knowledge-based 
business start-up and to generate high-skilled job 
positions that regenerate regional economic structures 
and reinforce the pivotal role of the university in the 
regional innovation system (Etzkowitz, 2017; Philpott 
et al., 2011).

PhD students have access to university research 
resources, research commercialization channels and 
training and support, all of which help to develop 
business competence and enable participation in 
entrepreneurial networks during the doctoral study 
period (Battaglia et  al., 2022; Bienkowska & Klof-
sten, 2012; Hahn et  al., 2017; Roach & Sauermann, 
2010; Treanor et al., 2021). PhD students benefit from 
formal links based on Intellectual Property (IP) and/
or more informal and interpersonal relationships with 
supervisors and other academic researchers, availabil-
ity of research/office spaces and other facilities and 
participation in various networks. Links to the parent 
university can enable access to ‘unique technological 
knowledge’ not otherwise easily available, but which 
might be an important basis for the development 
and commercialization of technological innovations 
(Bolzani et  al., 2020). The nature of and conditions 
surrounding PhD students’ entrepreneurial activi-
ties and the relationship between a new venture and 

the parent university will have an effect on the type 
of venture and the processes and outcomes involved. 
Nevertheless, empirical analyses of the factors asso-
ciated with the doctoral student’s decision about the 
form of entrepreneurship are scarce.

New firm creation by universities is a particular 
phenomenon (Fryges & Wright, 2014). A rather nar-
row definition of academic entrepreneurship is a firm 
that exploits university IP or patented inventions gen-
erated by university research (Di Gregorio & Shane, 
2003a, 2003b). However, there is a large share of uni-
versity venture creation that does not involve formal 
disclosure of IP to the parent university (Fini et  al., 
2010; Aldridge & Audretsch, 2011). New firm crea-
tion can be defined as Academic Spin-Offs (ASOs) 
and Start-Ups (SUPs). In both cases, the new ven-
ture might be founded by an individual who is a (for-
mer) university employee or is a university student 
(see Djokovic & Souitaris, 2008). ASOs have been 
defined further as ‘new ventures based on university-
developed knowledge, either founded by academics or 
with an equity participation of the parent university, 
or both’ (Bolzani et al., 2021, p. 591). SUP are more 
likely to have financial and other links with an exter-
nal organization. A third type of new business is Cor-
porate Spin-Offs (CSO) which involve university stu-
dents and university staff. According to Parhankangas 
and Arenius (2003, p. 464) a CSO is a ‘new business 
formation based on the business ideas developed 
within the parent firm being taken into a self-stand-
ing firm’. CSOs are likely to benefit from relations 
with the parent firm, which might have implications 
for the firm’s growth (Bruneel et al., 2013; Fryges & 
Wright, 2014). The final type of firm creation, which 
we describe as ‘Other’, has involvement of self-
employed students and staff, including profession-
als such as consultants, architects or lawyers. While 
ASOs have attracted public policy attention in several 
countries, these other types of firm formation (SUP, 
CSO, Other), which are outside the formal univer-
sity IP system have been rather overlooked (c.f., Fini 
et al., 2010), with the result that the motivations and 
drivers linked to these forms of entrepreneurial firms 
have been rarely investigated.

Muscio & Ramaciotti (2019) describe PhD entre-
preneurship activity as heterogenous. For instance, 
PhD students may create start-ups that provide 
independent professional services (e.g., independ-
ent legal or engineering consultancy). However, 
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most of the empirical literature on PhD entrepre-
neurship focuses on ASOs, which are based on 
university IP and are seemingly becoming much 
more frequent in Italy (Bolzani et  al., 2014). This 
is partly because students’ entrepreneurial activ-
ity is often not recorded by the university because 
unlike ventures created by university faculty, it is 
not based on university IP. This paper tries to fill 
a gap in the literature by investigation the different 
forms of PhD entrepreneurship and their rationales 
and environment. Following Sandberg and Alvesson 
(2011), we adopt a ‘gap-spotting’ approach to the 
formulation of our research question. In the context 
of PhD entrepreneurship heterogeneity, we iden-
tify a research gap in relation to the levels at which 
university entrepreneurship activities take place 
(Audretsch & Belitski, 2022; Cunningham et  al., 
2019; Hayter et al., 2018; O’Kane et al., 2021). That 
is, we study the macro-institutional, meso-organiza-
tional and micro-individual levels. As Hayter et  al. 
(2018) note, research on academic entrepreneurship 
has yet to make the ‘vertical connection’ between 
micro- and macro-level phenomena from an eco-
system perspective. Studying the differences in the 
forms of PhD entrepreneurship activity addresses 
this gap in our knowledge. We start by analysing 
the characteristics of different forms of PhD entre-
preneurial ventures (i.e., ASOs, SUPs, CSOs, and 
Other) and their respective drivers and determinants. 
We then explore the nature of the strategic alignment 
of the three levels of factors potentially associated to 
university entrepreneurship: the micro—individual 
level (skills and competences); the meso—organiza-
tional level (infrastructure, resources and processes) 
and the macro – institutional level.

Support for the creation of knowledge intensive 
firms (in which PhD play a role) is a major focus for 
the public administrations in many countries (Rama-
ciotti et al., 2016). In addition, many universities have 
tried to adapt PhD programmes to respond to shift-
ing societal expectations and to facilitate new venture 
creation by both staff and students (Battaglia et  al., 
2022; Bienkowska et  al., 2016; Boh et  al., 2016; 
Klofsten et  al., 2021). However, we need to know 
more about: a) what types of institutional, organi-
zational and individual level support s would foster 
PhD firm formation; and b) how support mechanisms 
could translate PhD students’ entrepreneurial activi-
ties into new ventures. We need more information on 

the types of macro-institutional, meso-organizational 
and micro-individual factors that determine different 
types of PhD entrepreneurial firm creation.

We conduct an empirical analysis of PhD entrepre-
neurship in Italy where the ASO formation has increased 
significantly since the 1990s (Fini et al., 2009), following 
the introduction of a new regulatory framework focused 
specifically on supporting scientific and technologi-
cal research, knowledge transfer and researcher mobil-
ity (Law 297/1999 and Ministerial Decree 593/2000) 
(Civera et  al., 2020). The case of Italy is relevant also 
because of the changing nature of its scientific labour 
market. In the past, most doctoral graduates were inter-
ested in a career in academia (Roach & Sauermann, 
2017). The literature on PhD employment outcomes 
shows that this is a declining phenomenon (Conti & 
Visentin, 2015) and the current preference is for more 
diversified career options (Muscio & Shibayama, 2023). 
Some of this preference is based on necessity, some is 
based on the opportunities available to entrepreneurial 
and highly skilled researchers (Civera et al., 2020; Rizzo, 
2015a, 2015b; Horta, et al., 2016; Meoli et al., 2018).

This research contributes to both theory and practice. 
First, in recognizing the interrelated nature of ‘strategic 
alignment’ at three levels (Audretsch & Belitski, 2022), 
it adds to theoretical work on university entrepreneur-
ship. Second, our empirical investigation of the range of 
typologies and contexts of PhD student entrepreneurial 
endeavours should be informative for policy and man-
agement about how to exploit the potential provided by 
the ‘entrepreneurial university’ to improve the economy 
and increase the number of doctoral graduates who 
found knowledge intensive firms. Third, our examina-
tion of PhD entrepreneurship extends the academic 
entrepreneurship literature by identifying the different 
paths towards university-based venture creation.

2  Literature review

2.1  Different forms of university entrepreneurship 
and three levels of entrepreneurship

Work on the drivers and determinants of academic 
engagement and entrepreneurial activities at the 
macro-institutional, meso-organizational and micro-
individual levels is increasing (Cunningham et  al., 
2019; Cunningham & O’Reilly, 2018; Geuna & Mus-
cio, 2009; Abreu et  al., 2016; Hayter et  al., 2017; 
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Hayter et  al., 2018; Markman et  al., 2008; Meiss-
ner et  al., 2022; Muscio et  al., 2022; Perkmann 
et  al., 2013; Rasmussen et  al., 2014). The stream of 
work on the ‘entrepreneurial university’ has grown 
(Rothaermel et  al., 2007) and the idea of the entre-
preneurial university includes both the production of 
scientific knowledge and the development of human 
capital and, also, broader socio-economic develop-
ment (Cunningham et al., 2019; Guerrero et al., 2015; 
Klofsten et  al., 2019: Miller et  al., 2018). Concepts 
such as the triple helix model (Etzkowitz et al., 2000) 
and the university entrepreneurial ecosystem (Miller 
& Acs, 2017; Prokop, 2021; Prokop & Kitagawa, 
2022; Wright et  al., 2017) highlight the nature and 
diversity of the interactions between universities and 
their external environment.

Audretsch and Belitski’s (2022) ‘strategic align-
ment’ model of the entrepreneurial university dis-
tinguishes three influences on university entre-
preneurship. First, at the macro level, the external 
institutional environment includes policy, regulatory 
and legal frameworks conducive to academic entre-
preneurship (Audretsch & Link, 2012; Audretsch & 
Belitski, 2022; Fini et al., 2011). Second, at the meso 
organizational level, work on entrepreneurial univer-
sity considers their organizational characteristics and 
sees universities as engines of regional and national 
economic growth and social development (Audretsch, 
2014; Bergmann et al., 2018; Etzkowitz et al., 2000; 
Guerrero & Urbano, 2019; Guerrero et  al., 2016). 
Third, at the micro level, the model includes the fac-
tors influencing individual choices, such as individ-
ual characteristics, experience and skills. It has been 
shown that the student’s or researcher’s characteristics 
(e.g., demographic characteristics) have a major influ-
ence on their attitude and their decision to engage in 
commercial and entrepreneurial activities (Haeussler 
and Colyvas, 2011; Meoli et al., 2020).

We investigate the strategic alignment among the 
cross-level interactions between factors influencing 
an individual’s choices of logic (Hayter, 2015; Rizzo, 
2015a, 2015b) and the mechanisms and structures 
involved in the organizational architecture and univer-
sity management (Bergmann et  al., 2018; Cunning-
ham et al., 2022). We consider the underlying macro 
institutional environment, which includes the policy 
environment and the regulatory and legal frame-
works (Bercovitz and Feldman, 2006). We apply 
the three levels of strategic alignment model to our 

review of the relevant literature. First, we identify the 
macro-level determinants of university entrepreneur-
ship. Second, we focus on the meso-level factors and 
highlight the linkages between entrepreneurial activ-
ity and the characteristics of the entrepreneurial uni-
versity. Third, we focus on micro-level determinants, 
that is, the individual PhD student’s characteristics as, 
motivations and funding sources and the dynamics 
of career formation through PhD entrepreneurship. 
Based on the literature, we formulate and empirically 
test a set of hypotheses related to different forms of 
PhD entrepreneurship related to the three levels of 
determinants.

2.2  Macro-level: Institutional conditions and external 
environment

The academic entrepreneurship literature suggests 
that the underlying macro institutional environment, 
including the policy, regulatory and legal frameworks 
affect university venture formation.

2.2.1  Institutional conditions

Business start-up activity is influenced by the socio-
economic context (Audretsch & Lehmann, 2005; 
Civera et al., 2020; Clarysse et al., 2005). As Agos-
tino and colleagues (2020, p. 185) put it: ‘The idea 
that historical, cultural and institutional factors may 
play a decisive role in conditioning and steering the 
economic success or decline of countries, regions and 
individual firms, has been extensively considered by 
the literature, from both the general perspective of 
economic development […] and that of entrepreneur-
ship and new business creation’.

There is a strand of work that focuses on the 
strength of formal institutions for shaping the incen-
tives for business creation. It describes the contextual 
and firm level barriers to and the constraints related to 
new business formation (e.g., Colombo & Piva, 2012; 
Klapper et al., 2006). Both the academic community 
and policy makers have investigated the impact of 
local conditions on economic activity and there is a 
well-established debate over the regional level insti-
tutional factors that influence entrepreneurial activi-
ties. A favourable business environment is important 
for business creation and academic entrepreneurship 
(Friedman & Silberman, 2003). O’Shea et al. (2005) 
contend that the regional knowledge infrastructure 
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and industry composition play a crucial role in 
spinoff activity. Feldman and Desrochers (2004) sug-
gest that universities in environments with a weak 
entrepreneurial infrastructure find it more difficult to 
achieve academic spinoffs. Baldini (2010) suggested 
that a favourable economic environment is correlated 
positively to university spinoff activity and, also, that 
the spinoff process benefits more from high levels of 
regional innovation than from the activities of the 
parent university. Along similar lines, Di Gregorio 
and Shane (2003a, 2003b) argue that universities in 
regions with abundant sources of venture capital are 
more likely to generate spinoffs due to easier access 
to finance.

The Institutional Quality Index (IQI)1 provides 
an analytical framework that includes synthetic indi-
cators for institutional quality. Nifo and Vecchione 
(2014) assess the size of the impact of institutions on 
a range of socio-economic issues such as migration 
and entrepreneurship. The IQI builds on the World 
Governance Indicators (WGI), proposed by Kauf-
mann et  al. (2010).2 Agostino et  al. (2020) employ 
the IQI to examine the impact of regulatory qual-
ity on business creation in Italy, based on degree of 
openness of the economy, business environment and 
ability of local administrators to promote and protect 
business activity. They find that local institutional 
quality positively affects entry rates, but, in times of 
economic crises, its impact on business creation loses 
importance.

2.2.2  Patenting

Academic entrepreneurship involves questions about 
the ownership of the IP derived from publicly funded 
university research. For instance, should the univer-
sity be the patent owner, or should the patent belong 
to the individual inventor? Tangible forms of tech-
nology transfer, such as patents and licenses, have 
increased since the 1980s and research has focused 
more on the institutional dimensions of the trans-
fer of knowledge and technology from universities 
(Bercovitz and Feldman, 2006; Grimaldi et al., 2011; 

Rothaermel et al., 2007). Institutional changes create 
tensions between ‘facilitating the diffusion of new 
knowledge as a public good and controlling its private 
ownership and value’ (Ambos et al., 2008, p. 1426).

The macro determinants of entrepreneurship activ-
ity include the institutional structure and policies 
related to patenting and licensing, including ‘reward 
systems, entrepreneurial/academic culture, IP poli-
cies’ (Moray & Clarysse, 2005, p. 1012). Innovation 
policies and their impact on the dynamics and dif-
fusion of innovation were highlighted by the imple-
mentation of the US Bayh-Dole Act in 1980 (Mowery 
and Sampat, 2005; Van Looy et  al., 2004). Brad-
ley et al. (2013) point to the emergence of a patent-
centric, linear model of technology transfer in most 
US research universities. However, OECD (2003) 
suggests that adoption of a Bayh–Dole-type law in 
Europe would not be sufficient for similarly success-
ful research commercialization. Lissoni et al. (2008) 
show that the majority of university-based patented 
inventions in France, Italy and Sweden are assigned 
to private firms, while in the US, 69% of university-
based inventions are assigned to the relevant univer-
sity. Baldini (2009) and Baldini et al., (2006) discuss 
the obstacles to university patenting activity in Italy, 
where the so-called professor’s privilege law was 
introduced in 2001, goes against international trends. 
Professor’s privilege in Italy applies only to academic 
staff not PhD students or post-docs (Mandell, 2022). 
In July 2023, the professor’s privilege law was abol-
ished in favour of university ownership of IP rights 
in Italy.

Most common formal arrangements between an 
ASO and the parent university are related to the uni-
versity’s IP system. Universities are aware of ASO 
creation since it explicitly involves university IP and 
financial involvement. Some universities offer addi-
tional, informal support, such as technical know-how, 
office and lab space, access to industry networks and 
access to finance (Bolzani et  al., 2021) and, espe-
cially, in the case of new ventures founded by aca-
demics who choose to remain university employees.

At the same time, some authors point to the impor-
tance of entrepreneurial activities that are outside 
the formal university IP system (Calvo et  al., 2013; 
Fini et  al., 2010; Martinelli et  al., 2008). PhD stu-
dents’ venture creation takes different forms and 
does not necessarily involve the parent university. 
Since universities have no formal involvement in the 

1 The IQI builds on 5 measures evaluating regional corruption, 
governance, regulation, law enforcement and social participa-
tion.
2 The scheme was proposed in the context of the Knowledge 
for Change Programme promoted by The World Bank.
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creation of SUPs, CSOs or Other types of ventures, 
few studies focus on these types of ventures. Despite 
these other types being more frequent than ASOs, 
the investigation of these forms of ventures has been 
under-represented as the parent university tends not 
to hold any record, and most information on them 
comes from surveys (see Fini et al., 2010). Some PhD 
student start-ups are based on technology owned by 
a corporate partner, which can result in a CSO not 
linked to the parent university. The absence of stud-
ies of this type of entrepreneurial venture in the scien-
tific literature overlooks a very important part of the 
contribution of universities to local development. An 
exception in this context is Bonaccorsi et  al. (2014) 
which investigates the impact of local and external 
university knowledge on the creation of knowledge 
intensive firms in Italy, including ASOs, SUPs and 
CSOs.

2.3  Meso-level: Organizational resources and 
architecture of the entrepreneurial university

2.3.1  Organizational structure for research 
commercialization and entrepreneurship

Many universities are developing structures focused 
on the commercialization of research (Muscio et al., 
2016). University policies can influence creation of 
ASOs (Caldera and Debande, 2010; Markman et al., 
2005; Meoli & Vismara, 2016; Muscio et  al., 2016) 
and SUPs, by academics and students (Boh, et  al., 
2016; Muscio & Ramaciotti, 2019).

There seem to be two clear organizational trends 
at the university level. First, universities are seek-
ing to increase their licensing revenue through tech-
nology transfer activities and many have established 
Technology Transfer Offices (TTOs) (Siegel et  al., 
2003). While the contribution of TTOs to academic 
entrepreneurial activity has been questioned (Clar-
ysse et al., 2011; Muscio, 2010; Horner et al., 2019; 
O’Kane et  al., 2021), it is generally acknowledged 
that, depending on their size and experience, TTOs 
have a positive influence on ASO activity (Powers 
& McDougall, 2005). Second, many universities are 
creating incubators to assist faculty members and stu-
dents to start new firms (Breznitz & Zhang, 2019). 
University incubators provide business opportunities 

in relation to university research with commercial 
potential (see Markman et al., 2005).

Student start-ups are attracting more scholarly 
attention and universities are beginning to invest in 
supportive entrepreneurship environments and activi-
ties (Boh et al., 2016; Breznitz & Zhang, 2019; Duru-
flé et al., 2018; Hayter et al., 2017; Marzocchi et al., 
2019; Mason et al., 2013; Radko et al., 2023; Wright 
et al., 2017). Alongside tangible organizational units, 
such as incubators and TTOs, the wider university 
ecosystem can provide a ‘supportive organizational 
culture’ to encourage entrepreneurial activity by both 
staff and students (Djokovic & Souitaris, 2008, p. 
238), provide resources and enhance the competen-
cies of faculty and students interested in commercial-
izing university technology (Boh et al., 2016).

Incubators and accelerators support the develop-
ment and growth of new ventures including those on 
university campuses (Cunningham et al., 2022; Miller 
& Acs, 2017). The impact of incubation strategies at 
the organizational level has been discussed (Clarysse 
et  al., 2005; Pettersen et  al., 2015). Also, the com-
bination and alignment of entrepreneurial support 
across different organizations, including government 
agencies, incubators/accelerators and universities, 
are crucial for the establishment of high-technology 
firms (Breznitz & Zhang, 2021). This highlights the 
importance of appropriate university policies and the 
alignment with local conditions and stakeholders or 
‘co-production of business assistance’ in incubators 
(Rice, 2002, p. 170). McAdam et al. (2016) describe 
‘university incubation’ as crucial for regional eco-
nomic growth. University incubators are central to 
wider university commercialization processes involv-
ing academic staff, TTOs, funders, policy maker and 
business founders (McAdam et al., 2016).

2.4  Micro-level: Individual incentives for university 
entrepreneurship –PhD students’ new firm 
formation as career paths

For PhD students, understanding different paths to 
commercialization of their PhD research is essential 
for their career choice (Roach & Sauermann, 2010). 
Studies show that individual academic entrepreneurs’ 
motivations and growth ambitions (Hayter, 2015) and 
access to funding and resources (Wright et al., 2004) 
are critical success factors for academic entrepreneur-
ial activities.
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2.4.1  Career intentions

The individual choice to undertake doctoral stud-
ies and then to start a new venture during the PhD 
course, may be intrinsically linked. New venture crea-
tion can provide the doctoral student with opportuni-
ties to pursue a career as an entrepreneur (Meoli & 
Vismara, 2016; Muscio et  al., 2022). During their 
university studies, PhD students can work on the ini-
tial stages of the business creation without incurring 
the opportunity costs related to a paid job; this makes 
it easier to assess whether it will be worth working 
in the venture full-time after graduation (Boh et  al., 
2016).

Academic entrepreneurial activity has different 
motivations. Meoli & Vismara (2016), show that, if 
the university provides inadequate support, academ-
ics will choose to start a new firm in preference to 
other means of commercialization activities. The 
type of academic entrepreneurship activity chosen 
reflects the tensions arising from scarce resources. 
Horta et al. (2016) show that the creation of high-tech 
ventures is a response to ‘skilled unemployment’ in 
the surrounding region, implying a form of neces-
sity-driven academic entrepreneurship (Civera et  al., 
2020; Rizzo, 2015a, 2015b).

Muscio et al. (2022) identified different types of PhD 
start-ups, based on the connection to the university labs 
and the employment status of the PhD graduates. They 
argue that PhD students mitigate the risks and reconcile 
the tensions between academia and the entrepreneurial 
world, by maintaining their university employment. 
This reduces the risks involved in entrepreneurial activ-
ity. In the case of ASOs, for instance, PhD students may 
contribute their technical expertise related to relatively 
fundamental scientific problems and work on research 
within a spinoff context that is similar to their academic 
research context. It has been shown, also, that the pri-
mary contribution of graduate students to ASO forma-
tion is their role as ‘catalysts’ and ability to convince 
faculty members to establish a spinoff company and 
contribute their time and leadership skills as co-found-
ers or CEOs (Hayter et al., 2017).

Socialization, notably during their PhD training, 
plays a role in influencing academics to become entre-
preneurs (Stuart & Ding, 2006; Bercovitz and Feld-
man, 2008). As they become immersed in a new com-
mercial context with its own priorities and norms (Fini 
et  al., 2022), PhD students may feel less compelled 

to conform to academic imperatives (Mangematin, 
2000). It has been suggested, also, that PhD students 
who plan to get a job in the private sector tend to 
adhere to private sector recruitment criteria rather than 
academic norms (e.g., scientific publication) (Mange-
matin, 2000; Roach & Sauermann, 2010).

2.4.2  Sources of research funding

PhD students with different career intentions may 
have different sources of funding for their PhD pro-
gramme. PhD funding and its sources can influence 
the doctoral student’s professional plans and out-
comes (Horta et  al., 2018; Mangematin, 2000). As 
Horta et al., (2018, p. 545) argue, even the award of 
PhD funding can work as a ‘credential that signals to 
future employers what doctoral students may achieve 
after concluding their doctoral studies’. Doctoral 
graduates are more likely to benefit from research 
funding from private organizations and the impact 
of the funding can stimulate other career pathways 
(Horta et al., 2018; Marini, 2022). The main sources 
of funding for doctoral students in Italy are doctoral 
grants from the national or regional government and 
research project grants funded by private organiza-
tions.3 In the Italian context, Marini (2022) shows 
that entrepreneurial behaviour is the predominant 
route for diversified PhD career pathways.

The effect of different sources of research funding 
on the types of industry engagement and research com-
mercialization at the university level have been inves-
tigated extensively (e.g., Geuna, 2001; Gulbrandsen 
& Smeby, 2005; Nilsson et al., 2010; Perkmann et al., 
2013). Some (Di Gregorio & Shane, 2003a, 2003b; 
Muscio et al., 2016; Van Looy et al., 2011) suggest that 
privately funded research as opposed to government 
funded research is more likely to have commercial ori-
entation. The governments in many countries encourage 

3 ISTAT estimates that 67.7% of PhDs receive either private 
or government funding. Muscio and Shibayama (2023) note 
that in the case of industry scholarships, the university and the 
business or business association concerned sign an agreement 
to provide 50% of the funding required. The student’s research 
topic must be approved by the funder, the student supervisor 
and the student depending on the conditions attached to the 
university PhD programme call. In the case of research project 
funding (e.g., Horizon Europe or MUR-PRIN funding), appli-
cants to the PhD course are provided with explicit details about 
project activities and funding conditions in the call.
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private financing and investment in university research 
(Becker, 2015). Some studies suggest that university 
public funding supports ASO creation. Ramaciotti and 
Rizzo (2015, p. 507) found that, in Italy, the number 
of ASOs generated by a university was ‘positively and 
significantly influenced by the amount of public income 
received’, while income from industry ‘does not play a 
significant role’). Muscio et al. (2013) argued that pub-
lic funding influences the university’s propensity to cre-
ate ASOs, due to its complementarity with commercial 
and technology transfer activities and significant gov-
ernment efforts to promote the commercialization of 
academic research. Similarly, Malo (2009) shows that 
publicly funded research leads to the creation of new 
firms. Public support for university research may act 
as an incentive for private investors to co-invest in ven-
tures originating from university research.

Constraints on academic funding fundamentally 
shape the individual scientist’s motivation to become 
an entrepreneur. At the individual level, as noted by 
Rizzo (2015a, 2015b), scientists’ access to external 
resources, especially from the private sector, has a 
major influence on the decision to start a business. 
Festel (2012) also provides evidence that, in many 
cases, ASOs are established with the specific purpose 
of attracting external funding from investors. These 
results are confirmed by Castillo Holley and Wat-
son (2017, p. 54), whose survey on 30 life sciences 
academics found that ‘all interviewees mentioned 
funding needs as the primary driver of research com-
mercialization; with institutional policies being the 
second major driver’. Given these findings on the 
impact of research funding at the university and indi-
vidual levels, we next investigate the outcomes of 
research funding at the individual PhD student level.

2.5  Strategic alignment of entrepreneurial drivers 
and forms of PhD entrepreneurial ventures

Our aim in this paper is to gain a better understanding of 
the drivers of different forms of PhD student entrepreneur-
ial ventures and to identify possible ‘strategic alignment’ 
(Audretsch & Belitski, 2022) across the macro-institutional, 
meso-organizational and micro-individual level of the deter-
minants associated with university entrepreneurship (Cun-
ningham et al., 2019; O’Kane et al., 2021).

At the macro-institutional level, PhD students 
are likely to face tensions between the realms of 

open science and proprietary technology (Dasgupta 
& David, 1994). It has been shown that academics 
who engage in patenting and firm creation activity 
based on their research, must reconcile their differ-
ent s incentive systems and social structures as they 
move from the publicly funded research to industry 
research (Balconi et al., 2004). It has been shown that 
academic entrepreneurs tend to publish rather than 
patent their research outcomes and there seems to be 
no evidence of a trade-off between academic spin-
offs and patenting activity (Link & Ruhm, 2011). The 
ambidextrous nature (Ambos et  al., 2008) and the 
tensions within the entrepreneurial university create 
pressure to respond to different academic and com-
mercial demands and is more salient at the individual 
than at the organizational level.

At the macro-institutional level, we discussed regu-
latory frameworks and institutional factors as drivers 
of academic entrepreneurship. In general, patenting is 
fundamental for startup survival and growth (Krabel & 
Mueller, 2009; Muscio et al., 2016; Stuart & Ding, 2006; 
Van Looy et  al., 2011) since venture creation involves 
exploitation of a specific invention (D’Este et al., 2012). 
While patenting can be seen as evidence of technologi-
cal advancements, university patenting can be considered 
as driving the commercialization of academic knowledge 
(Baldini et al., 2007) and a signal to private investors of 
high-growth opportunities (Zhang et al., 2019).

According to the literature (Agostino et al., 2020), 
the business environment available to new entrepre-
neurs is significant for business creation and, espe-
cially, those types of business activities that do not 
benefit directly from university support (c.f. ASOs). 
However, it should be noted that PhD entrepreneur-
ship is a special case. According to Muscio and 
Ramaciotti (2019), since PhD students are usually 
younger and less risk averse than tenured academics, 
they might be more motivated than academic staff 
to start an entrepreneurial venture, regardless of the 
local economic and business conditions. In fact, com-
pared to other forms of entrepreneurship, PhD entre-
preneurship is more likely to result in knowledge-
intensive start-ups and creation of high-skilled jobs, 
which contribute to the regeneration of the regional 
economic context, further legitimating the role of the 
university in the regional system.

Among the meso-organizational factors affecting 
universities and likely to affect venture creation, survival 
and growth are the organizational architecture including 
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incubators and TTOs. PhD students who form ASOs 
are more likely to face institutional tensions between the 
public and private nature of their research. In this con-
text, PhD students who engage in patenting and firm 
creation activity at the university must reconcile the dif-
ferent incentive systems and social structures as they 
engage in the publicly funded academic research (Kita-
gawa, 2014; Mangematin, 2000; Roach & Sauermann, 
2010; Stephan et al., 2007; Thune, 2009).

ASO founders can count on better relationships with 
the parent institution, through formal and informal rela-
tionships and support, for example, via the TTO, which 
SUP and other non-university forms of venture founders 
may not benefit from. Calvo et al. (2013) compare ASO 
founders and founders of start-ups with no links to the 
university. They found that ASO founders are younger 
with less experiences, but they are more technologically 
specialized with higher level of involvement with their 
venture firm, than the founders of non-university ven-
tures. It might be expected that SUPs, CSOs and Other 
types of PhD entrepreneurial ventures are linked more 
closely to businesses or private labs and incubators, and 
they are driven more by a problem-solving (demand-
driven) and market-oriented approach.

At the micro-level, we can expect individual char-
acteristics, such as the student’s capacity to attract 
funding or her/his employment conditions, to influ-
ence the choice among different types of business 
creation opportunities. We would expect those PhD 
students with a job in academia will want to maintain 
this position and will likely opt to establish an ASO. 
Those students with no academic job will be more 
likely to choose business-driven types of venture cre-
ation that do not involve academic institutions.

As discussed above, recent studies (Horta et  al., 2018; 
Marini, 2022; Muscio & Shibayama, 2023) examine how 
different types of funding during the PhD programme affect 
the PhD student’s career choice. We can expect that PhD 
students who receive public funding may be more incentiv-
ized to pursue an ASOs. Also, we would expect those PhD 
students who received industry funding and have industry 
research collaboration experience (e.g., consultancy, contract 
research) will be more inclined to pursue a SUP, CSO or 
Other form of venture opportunities.

Building on the literature review, we propose the fol-
lowing hypotheses about the different levels of determi-
nants influencing PhD entrepreneurship and the variety 
of forms of PhD venture firms.

In terms of the macro-institutional incentive mech-
anisms related to the micro-individual level of PhD 
entrepreneurship, we hypothesize that:

Hypothesis 1a (H1a): Patenting is more likely to be 
associated to the student’s opportunity to establish a 
ASOs.
Hypothesis 1b (H1b): The student’s access to the 
regional business environment is likely to promote 
all types of entrepreneurship activity.

We hypothesize about the meso-level influence of 
the university’s organizational support mechanisms for 
forms of PhD ventures:

Hypothesis 2a (H2a): TTO support is likely to 
encourage doctoral students to pursue ASOs.
Hypothesis 2b (H2b): Access to private labs is likely 
to promote non-ASO venture creation, in particular.

In terms of the micro-level individual agencies of 
PhD entrepreneurs, we hypothesize that:

Hypothesis 3a (H3a): PhD students establishing 
ASOs moderate the risk of starting up a business 
by opting for a hybrid career trajectory based on 
retaining their university employment.
Hypothesis 3b (H3b): Doctoral students who 
receive public funding are more likely to pursue 
ASO opportunities.
Hypothesis 3c (H3c): Doctoral students who 
receive private funding are more likely to pursue 
non-ASO venture creation with the involvement of 
private stakeholders.

3  Study methodology and context

3.1  Study context

In Italy, creation of ASOs and SUPs has increased 
significantly since the 1990s (Fini et  al. 2009), fol-
lowing the introduction of a regulatory framework 
focused on supporting scientific and technological 
research knowledge transfer and researcher mobil-
ity (Law 297/1999 and Ministerial Decree 593/2000) 
(Meoli & Vismara, 2016). Since 2010, spin-off activ-
ity by academics in Italy has increased and most 
academic institutions have policies related to the 
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regulation of academic entrepreneurship practices. 
However, little policy attention has been paid to PhD 
entrepreneurship (Muscio et al., 2016, 2022). Univer-
sities are required to provide documentation of their 
technology transfer activities and, typically, report its 
content on their websites, where they list their aca-
demic spin-offs and activities, such as patenting and 
licensing. Despite the benefit derived from an aca-
demic affiliation and access to university resources, 
ASOs are less successful than other types of new ven-
tures (Meoli & Vismara, 2016).

3.2  Methodology and data

We build on previous work (Muscio & Ramaciotti, 
2019; Muscio et  al., 2022; Muscio & Shibayama, 
2023) and investigate PhD start-ups in Italy, using 
original data derived from the responses to a ques-
tionnaire survey administered in 2014–2015, that 
included doctoral students and graduates in all scien-
tific-disciplinary fields (in Italian Settore Scientifico 
Disciplinare—SSD)4 who were awarded a doctoral 
degree by an Italian academic institution in the period 
2008–2014. The authors supervised the administra-
tion of the survey, which was conducted by the Ital-
ian consortium of universities, research institutions 
and the Ministry of University and Research (MUR) 
(CINECA). The survey was administered to 23,500 
students, corresponding to 50% of the total popula-
tion of PhD candidates in the years 2008–2014. Sur-
vey responses were cleaned and anonymized by the 
Italian National Institute of Statistics (ISTAT). We 
received 11,908 completed questionnaires and after 
further cleaning, obtained a final sample of 9,286 
responses, a 39% response rate. We compared the 
distribution of responses by SSD with a survey of the 
PhD population carried out by ISTAT 5; the difference 
between the 2008 and 2010 cohorts and our sample in 

each SSD was always below the 5% threshold, dem-
onstrating good data representativeness.

The survey questionnaire asked about the PhD 
course, the parent institution, the student’s occupa-
tional status and the student’s entrepreneurial activity. 
It also asked for information on family background 
and personal characteristics. Additional information 
on the university attended and its research rating was 
extracted from MUR databases.

4  Results

Almost half (45%) of responses were collected from 
students enrolled in mega universities (> 40,000 
students); 41% were from a large university 
(15,000–40,000), and 14% were from small and 
medium-sized universities. Table  1 presents sum-
mary information on PhD entrepreneurial activity in 
Italy; 7.7% of students had started a business (SUP), 
mostly in the area of social sciences and humanities. 
ASOs were the most common business type (57.3% 
of cases). However, ASOs tend to be more common 
in life sciences and hard sciences due to their reliance 
on university IP.

To analyze PhD entrepreneurship and the role 
played by the institutional, organizational, and indi-
vidual factors, we designed the following model:

(1)

yijst = �
0
+ �

1
Institutionalijst + �

2
Organizationalijst

+ �
3
Individualijst + �

4
Kijst + �

5
Xjt + �ijst

Table 1  PhDs’ business activity

Social Science 
and Humanities

Life and 
Hard Sci-
ences

Total

Any type of business 73.9% 33.8% 7.7%

Type:
  1 ASO 16.4% 40.9% 57.3%
  2 SUP 4.3% 13.8% 18.1%
  3 CSO 0.7% 1.4% 2.1%
  4 Other 6.1% 16.4% 22.5%

4 SSD are a set of disciplinary areas defined by the Italian 
National University Council (CUN) and adopted by all Ital-
ian universities. They aresimilar to the OECD (2002) Frascati 
Manual classifications. The 14 SSD are: Mathematics and 
Computer Science, Physics, Chemistry, Geology, Biology, 
Medicine, Agriculture and Veterinary, Civil Engineering and 
Architecture, Industrial Engineering, Humanities, Sociology, 
philosophy and psychology, Law, Economics and Statistics, 
Political Sciences.

5 ‘Indagine ISTAT sui rendimenti occupazionali dei dottori di 
ricerca’ from https:// www. istat. it/ it/ archi vio/ 8555.

https://www.istat.it/it/archivio/8555
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where subscript i is the student, j is the university 
where student i completed his/her PhD degree, s is 
the student’s SSD and t is PhD graduation year.

The dependent variable y varies depending on the 
type of business promoted by the student and can 
indicate: any type of business in specification #1, 
ASO in specification #2, SUP in specification #3, 
CSO in specification #4, and Other such as consul-
tancy firm and professional services in specification 
#5. The vector K includes a set of individual-level 
control variables drawn from the literature on student 
start-up activity (Abreu & Grinevich, 2013; Åstebro 
et  al., 2012; Muscio & Ramaciotti, 2019; Krabel & 
Mueller, 2009), such as, gender, age, work experience 
before PhD study and parents’ entrepreneurship. The 
vector X includes a set of indicators related to the par-
ent university, including number of faculty members, 
used as a time variant proxy for university size, and a 
time-invariant indicator for research quality measured 
at the SSD and university levels (e.g. Di Gregorio & 
Shane, 2003a, 2003b; Landry et  al., 2006). All the 
specifications include a set of dummies for the SSD 
of the PhD programme attended.

Table  2 defines the variables included in the 
regressions and Table  3 presents the descriptive 
statistics.

Table  4 presents the results of the linear prob-
ability regressions as in model (1). Columns (1) 
estimates the likelihood of the PhD student starting 
any type of business. Columns (2), (3), (4) and (5) 
report the results for the probability of the student 
being involved, respectively in an ASO, a SUP, a 
CSO, and/or Other. The results in Table 4 presents 
the marginal effects. The second part of Table 4 pre-
sents the results for a subset of cases specializing 
in life and hard sciences. Table 5 presents a set of 
regressions based on factor analysis with the varia-
bles used to test the hypotheses. The factor analysis 
provided a smaller set of variables which we used to 
rerun the econometric exercise to test the impact of 
the three levels of determinants (macro, meso and 
micro) on entrepreneurial activity. The regressions 
include three factors, one for each dimension.

We observe, first, that, overall, the macro-, meso- 
and micro- determinants are, to different extents, all 
associated to student entrepreneurship. However, 
notable differences emerge if we examine the fac-
tors associated to different forms of student ventures 
(Columns 2–5 in Table  4). The results are largely 

confirmed when the analysis focused just on the LHS 
area.

We can see that patent application is associated 
positively to establishment of an ASO but does not 
determine other venture types not linked explicitly 
to university knowledge. This supports H1a and con-
firms the findings in Hahn et al. (2019), that IP is not 
a determinant of innovative SUP sales. Institutional 
quality measured in terms of the business environ-
ment, is not relevant for entrepreneurship, which 
rejects H1b and suggests that PhD entrepreneurship 
may be a response to difficult local career opportuni-
ties and employment conditions, as noted by Horta 
et al. (2018) and Muscio & Ramaciotti (2019).

H2a and H2b are confirmed by the finding that the 
presence at the parent institution of a university TTO 
focused on promoting university entrepreneurship is 
beneficial for ASOs, whereas ASOs, SUPs and CSOs 
are supported by business incubators. Access to pri-
vate labs is associated specifically to private forms 
of business ventures, especially CSOs. The Other 
category includes all those businesses that are not 
technology-based, such as professional services (e.g., 
lawyers, accountants, architects, civil engineers) and 
self-employed individuals (e.g., VAT registered). In 
this category, funding and entrepreneurial services 
promoted by the TTO are beneficial, while incubation 
services are associated negatively to these non-tech-
nology-based business ventures. In other words, those 
entrepreneurs who are technology-driven ‘self-select’ 
into incubation services.

In the case of H3, we find that the creation of 
ASOs tends to be associated with holding an aca-
demic position, which supports this hypothesis. While 
ASOs receive the official endorsement and support 
from the parent university, this shows that students 
who are interested in founding an ASO mitigate the 
entrepreneurial risk by obtaining or remaining in an 
academic post. In the case of funding, capability to 
attract funding to support the business venture has 
an overarching impact on most business types. Pub-
lic funding supports all types of ventures apart from 
CSOs which receive financial support from the par-
ent organization. Those venture in the Other category, 
ventures are more exposed to market forces and entre-
preneurial risk and are more likely to benefit from 
private funding. In fact, access to private resources is 
linked to all types of non-ASO ventures.
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In terms of individual level factors, the results 
for the control variables confirm the findings in 
the literature: in most cases, the general personal 
characteristics of the student and his/her fam-
ily background affect the probability of becoming 
an entrepreneur. While being younger or a man is 
sometimes positively associated to the probability 
of becoming an entrepreneur, we found that having 
a parent who is an entrepreneur increases the prob-
ability of the student becoming an entrepreneur, in 
all cases (Muscio et al., 2022). University size and 

ranking have no impact on entrepreneurial activity, 
which is in line with university level analyses of 
academic entrepreneurship in Italy, such as Muscio 
et al. (2016).

The results of the models including the variables 
obtained from the factor analysis largely confirm the 
results presented in Table 4. Macro level factors (pat-
enting) primarily affect ASOs creation and are det-
rimental to Other business types. Meso- and micro-
level factors have a transversal positive impact on all 
types of businesses.

Table 2  Data definition

a https:// sites. google. com/ site/ insti tutio nalqu ality index/ home

Variable Definition Source

Any business Type of business started: any type Questionnaire
ASO Type of business started: ASO Questionnaire
SUP Type of business started: SUP Questionnaire
CSO Type of business started: CSO Questionnaire
Other Type of business started: other type Questionnaire
Hypothesis testing

  Patent application The student applied for at least one patent Questionnaire
  IQI Regulatory The IQI is a composite indicator that assesses Institutional Quality in Italy at regional 

levels for the period 2004–2019. In this specific case, the IQI Regulatory subindex 
measures the following dimensions: Regulatory quality; Economy openness; Local 
government employees; Business density; Business start-ups/mortality; Business envi-
ronment (see Nifo and Vecchione, 2014)

Web  databasea

  Incubated The business was incubated Questionnaire
  Access to private labs The student accessed private laboratories outside the university Questionnaire
  TTO Mission The university TTO has the mission spread the entrepreneurial culture and support SUPs NETVAL
  Public funding The business received public funding Questionnaire
  Private funding The business received funding from private sources Questionnaire
  Academic position The student held an academic position Questionnaire

Control variables
  Female Female gender Questionnaire
  YOB Year of birth Questionnaire
  Parent entrepreneur At least one parent of the student is an entrepreneur Questionnaire
  PhD completed The student completed the PhD MUR
  University size University staff units MUR
  University rating Research rating based on evaluation of the research output (2004–10). This composite 

indicator accounts for peer review evaluations of research activity carried out at aca-
demic institutions (patents, impact factor of journal articles, etc.). The indicator refers 
to the scientific area of the PhD

MUR

  Frascati area 1 Research area: Natural sciences Questionnaire
  Frascati area 2 Research area: Engineering and Technology Questionnaire
  Frascati area 3 Research area: Medical and Health Sciences Questionnaire
  Frascati area 4 Research area: Agricultural and Veterinary Sciences Questionnaire
  Frascati area 5 Research area: Social sciences Questionnaire
  Frascati area 6 Research area: Humanities Questionnaire

https://sites.google.com/site/institutionalqualityindex/home
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5  Concluding remarks

The objective of this paper was to provide a better 
understanding of the drivers of different forms of 
PhD student entrepreneurial ventures and to identify 
possible strategic alignment (Audretsch & Belitski, 
2022) among the macro-institutional, meso-organi-
zational and micro-individual level determinants of 
PhD entrepreneurial activities. Our study makes the 
following contributions. First, it adds to our under-
standing of the variety of typologies and contexts of 
academic entrepreneurial firms, such as formal ASOs, 
SUPs, CSOs and Other types. These forms of busi-
nesses reflect the different relationships between 
founders (PhD student) and parent organization. 
This typology of PhD entrepreneurship complements 
existing typologies of ASOs and CSOs (Fryges & 
Wright, 2014). Second, we contribute to cross-level 

analysis of the factors driving PhD student entrepre-
neurial activity, employing the strategic alignment 
model of the entrepreneurial university. We high-
light the strategic choices made by a specific group 
of individual actors (PhD students), interacting with 
different stakeholders, resources and infrastructures 
at the organizational and institutional levels, which 
create dynamic and selective cross-level ‘congru-
ence’ (Audretsch & Belitski, 2022). We emphasized 
the importance of understanding the heterogeneity 
of PhD entrepreneurial activity, which relates to the 
combination of specific factors at each of the three 
levels, for each type of entrepreneurial firm.

PhD entrepreneurship takes different forms with 
distinctive characteristics. At the organizational level, 
much PhD entrepreneurial activity is not recorded by 
the parent academic institution unless it is part of the 
formal IP structure. There is a need to understand the 

Table 3  Descriptive 
statistics

Variable Obs Mean Std. Dev Min Max

Any business 9636 0.064861 0.246293 0 1
ASO 9636 0.015666 0.124184 0 1
SUP 9636 .014732 0.120484 0 1
CSO 9636 .001764 0.041961 0 1
Other 9636 0.015769 0.124588 0 1
Hypothesis testing

  Patent application 9639 0.033925 0.181045 0 1
  IQI regulatory 9639 0.546947 0.160719 0.095078 0.80154
  Incubated 9639 0.014006 0.11752 0 1
  Access to private labs 9639 0.121278 0.326467 0 1
  TTO Mission 9639 0.931424 0.252744 0 1
  Public funding 9639 0.010893 0.103806 0 1
  Private funding 9639 0.009545 0.097234 0 1
  Academic position 9639 0.547256 0.497788 0 1

Control variables
  Female 9639 0.500986 0.500025 0 1
  YOB 9639 1981.18 545.658 1949 1990
  Parent entrepreneur 9639 0.101152 0.301545 0 1
  PhD completed 9639 0.546322 0.497875 0 1
  University size 9639 1639.15 1101.2 65 18743
  University rating 9639 100.589 .219588 0 2.08
  Frascati area 1 9639 0.319535 0.466321 0 1
  Frascati area 2 9639 0.206349 0.404705 0 1
  Frascati area 3 9639 0.153128 0.360129 0 1
  Frascati area 4 9639 0.058512 0.234722 0 1
  Frascati area 5 9639 0.174499 0.379558 0 1
  Frascati area 6 9639 0.087976 0.283275 0 1
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specific nature of different venture types and the sup-
port mechanisms that are effective for each type. Based 
on the responses to a survey of PhD students in Italy, 
we carried out three levels of analysis and investigated 
how institutional, organizational and individual level 
factors are associated with the creation of different 
types of business creation by the PhD students. Our 
findings show the diversity of PhD entrepreneurship 
processes and that different types of resources and sup-
port are associated in different ways with each type of 
businesses, namely, ASO, SUP, CSO and Other. Our 
analyses show that institutional, organizational and 
individual level factors are at play and determine dif-
ferent types of PhD entrepreneurial firm characteris-
tics. Some determinants have a more positive impact 
on specific types of businesses. ASOs are distinctive in 
terms of their determining factors. While ASO activity 
tends to be associated with patenting and use of TTOs 
by those students with a post in a university lab (i.e., a 
safety net through employment in academia), there are 
other more ‘market-driven’ business activities, such as 
CSOs or SUPs, which benefit from private funding and 
access to private labs for experimental developments. 

CSOs and Other types of businesses are especially sen-
sitive to the local business context and benefiting from 
an entrepreneurial culture and environment. Access 
to public research funding and availability of incuba-
tion services are associated positively, in most cases, 
to more than one type of business activity (ASO, SUP, 
CSO, and Other).

At the individual level, PhD students need to con-
sider their career intentions and build their capabili-
ties and networks accordingly. In the technology-push 
model, young academics rely on their IP and on what 
the parent institution can offer in the effort to bring 
their knowledge and discoveries to the market, exploit-
ing research funding and the TTO. In the demand-led 
model, support comes from industry and external 
sources of finance. These models correspond to the dif-
ferent career paths (Fritsch & Krabel, 2012): university 
researchers with patents and access to public funding 
and university support, and more risk-taking graduates 
who rely on external business support and direct entry 
to the market. It would be useful to examine the deter-
minants of USPs, CSOs and Other in more detail to get 
a better understanding of student entrepreneurship.

Table 5  Robustness 
check—Probit regressions 
using factor analysis: 
marginal effects

Standard errors in brackets
**p < 0.01, *p < 0.05, + p < 0.1

VARIABLES base ASO SUp CSO Other

Factor 1—Macro -0.036 0.071** 0.006 0.011 -0.192**
[0.073] [0.028] [0.032] [0.013] [0.054]

Factor 2—Meso 0.159** 0.049** 0.027** 0.004** -0.007
[0.011] [0.004] [0.004] [0.002] [0.007]

Factor 3—Micro 0.072** 0.006** 0.010** 0.001** 0.009**
[0.004] [0.001] [0.001] [0.000] [0.001]

Female -0.018** -0.002 -0.006** -0.001 -0.006*
[0.004] [0.002] [0.002] [0.001] [0.003]

YOB -0.003** -0.000 0.000 -0.000 -0.001**
[0.000] [0.000] [0.000] [0.000] [0.000]

Parent entrepreneur 0.044** 0.006 + 0.011* 0.004 + 0.013*
[0.009] [0.004] [0.004] [0.002] [0.005]

PhD completed 0.001 0.005* 0.006** -0.001 -0.008**
[0.005] [0.002] [0.002] [0.001] [0.003]

University size 0.000 -0.000* -0.000 0.000 0.000**
[0.000] [0.000] [0.000] [0.000] [0.000]

University rating -0.031** -0.007 -0.002 0.000 -0.006
[0.010] [0.005] [0.005] [0.002] [0.006]

Frascati area yes yes yes yes yes
Observations 9,636 9,639 9,639 8,791 9,639
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Our findings suggest that PhD students and their 
entrepreneurial activities cannot be treated homoge-
neously in terms of the support needed and received. 
This has implications for managers and for policy. 
University managers and, especially those engaged 
in strategic planning, research commercialization 
and student career services, should ensure that their 
organizational resources and support mechanisms 
are aligned to research orientations, funding sources, 
student demographics and students’ career plans. 
The heterogenous factors related to PhD entrepre-
neurship have implications for the design and imple-
mentation of university support and strategies to 
encourage PhD entrepreneurial activity. These sup-
port mechanisms should be tailored to the specific 
types of entrepreneurial firm and the individual PhD 
student’s characteristics. In particular, universities 
should provide customized support through TTOs 
and incubators to cater for the specific types and 
needs of PhD entrepreneurial activity.

In terms of the implications for policymakers 
and practitioners, in Italy, Central Government 
recently implemented the EU-funded National 
Resilience and Recovery Plan (NRRP) which 
includes funding for scholarships for industrial 
PhD degrees.6 This is aimed at encouraging aca-
demic research by research students that satisfies 
market needs. For these policy initiatives to have 
meaningful impact, strategic alignment is required 
between government policy, university strategies, 
types of PhD programmes being offered and stu-
dents’ career intentions. The importance of doc-
toral student entrepreneurship must be acknowl-
edged through the provision of international 
frameworks for higher education and innovation 
policies, such as HEInnovate.7 There are opportuni-
ties for industry partners to engage in and facilitate 
the creation of CSOs with doctoral students based 
on alignment of their strategic activities. Mustar 

et  al. (2006) note that there is a tension between 
the need for appropriate public policy, the needs of 
individual venture firms and their parent organiza-
tions. When organizational strategies and individ-
ual agencies align through PhD entrepreneurship, it 
may be possible to reconcile such a tension by the 
dynamic strategic alignment processes across the 
three levels.

This study has some limitations. First, despite the 
large sample size, it is based on cross-sectional data, 
which has limitations in terms of identification of 
causal effects. Also, although an individual-level study, 
we can draw no conclusions about students’ access to 
policy schemes supporting entrepreneurship. This sug-
gests directions for further research, which should focus 
on obtaining a more fine-grained understanding of the 
perceived risks for individual actors engaged in start-
up processes during doctoral programmes, in different 
business development phases and in different types of 
businesses. For instance, specific growth trajectories of 
different types of firms over time need further investi-
gation. Also, individual PhD students’ motivations and 
career plans and dynamics could be collected using a 
qualitative methodology. Second, our study refers only 
to the context of Italy. Each national research system 
and higher education system has specific conditions. 
Future studies should investigate different national con-
texts, to examine the influence of different stakeholders 
and sub-national conditions. Third, future work could 
consider different levels such as university department 
or research area (Rasmussen, et  al., 2014). However, 
this study adds to the academic entrepreneurship litera-
ture and works on the diverse forms of PhD entrepre-
neurship, associated with a set of determining factors at 
play across the macro, meso and micro levels.
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