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1.1. Preface 

University spin-offs (USOs) are important to technological, economic and 

societal development on regional and national levels. In this dissertation, we define 

USOs as new ventures created within the university context, based on technology 

derived from university research (Rasmussen 2011; Rasmussen and Borch 2010; 

Vohora et al. 2004; Wright et al. 2012). Such research-based venturing functions as 

technology transfer mechanism of often radical innovations that stimulate 

technological advancements as well as drivers of economic growth by creating new 

jobs, accelerating productivity, tax income, and fostering regional competitiveness 

(Hayter 2016; Mathisen and Rasmussen 2019; Muscio et al. 2016; Sciarelli et al. 2020; 

Van Looy et al. 2011). In addition, recent policy developments encourage research 

institutions and USOs (as their core channel for research-based knowledge and 

technology dissemination) to shift from the normative Triple Helix model 

(university, industry, government) towards the Quadruple Helix model including 

end-users as key stakeholders in regional innovation ecosystems (McAdam et al. 

2010). In line with this, USOs are expected to contribute to solving complex societal 

problems such as environmental, climate and energy issues, healthcare and 

welfareespecially with the recent outbreak of COVID-19,economic downturns 

and challenges related to rapid digitalisation (Carnevale and Hatak 2020; Prokop et 

al. 2019; Rasmussen and Wright 2015; NWO 2020).  

Despite major policy developments and institutional arrangements such as 

the Bayh-Dole Act and its European counterparts fostering academic 

entrepreneurship since the 1980s (Etzkowitz 2003; Grimaldi et al. 2011; Van Looy 

et al. 2004), the process of research commercialisation and the development of 

USOs as its core mechanism have been associated with high uncertainty and 

complexity. This is because USOs face not only conventional start-up challenges, 

but also difficulties stemming from their primarily non-commercial environment 

and the associated additional stakeholder demands (Berbegal-Mirabent et al. 2013; 

D’Este et al. 2016; Huynh et al. 2017). In general, high-tech ventures in the academic 

context require high initial resource investments to perform feasibility studies and 

testing, develop prototypes, ensure continuous access to R&D and production 

facilities, and organise the entire supply chain besides commercialisation-related 

activities. At the same time, USOs tend to face issues of legitimacy (François and 

Philippart, 2019) and face liabilities of newness (Gilbert et al. 2006; Prokop et al. 

2019; Stinchcombe and March 1965) and smallness (Freeman et al. 1983; Soto‐

Simeone et al. 2020) at the early stage of development that can hinder further 
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dissemination and commercialisation of research-based outcomes due to a lack of 

necessary knowledge, resources and investments from external parties. This, in turn, 

led to policy support in the form of, for example, the creation of financial support 

instruments for research commercialisation that seek to support academic 

entrepreneurs in their venturing (Belitski et al. 2019; Bellucci et al. 2019; Buenstorf 

and Koenig 2020; Szücs 2020; Zhao and Ziedonis 2020) and thereby assist USOs 

to overcome development ‘junctures’ (Vohora et al. 2004). Chapter 4 and Chapter 

5 of this dissertation rely on data from the Valorisation Grant programme managed 

by the Dutch Research Council (NWO; Dutch: Nederlandse Organisatie voor 

Wetenschappelijk Onderzoek) that existed between 2004 – 2014, seeking to support 

academic entrepreneurship of research-based institutions in the Netherlands. 

NWO’s mission statement is: “to advance world-class scientific research that has scientific and 

societal impact. NWO approaches that from its vision of being a connector and is guided by its 

core values: ground-breaking, committed, reliable, and connecting” (NWO 2020). 

Consequently, the creation of favourable institutional arrangements for academic 

entrepreneurship in conjunction with increasing competitive pressure by rival 

universities and pressure to attract external funding (Siegel and Wright 2015) 

fostered a notable increase in the number of USOs over the past decades (Clarysse 

et al. 2011) and inevitably attracted interest in research and practice. 

In spite of a burgeoning literature on USO growth and output antecedents 

(Bock et al. 2018; Min et al. 2019; Perkmann et al. 2013) the existing literature 

remains fragmented (Belitski et al. 2019; Mathisen and Rasmussen 2019; Perkmann 

et al. 2013; Soto‐Simeone et al. 2020), and further advancement is hindered by 

methodological challenges and a lack of new, insightful data sources (Balven et al. 

2018; Rasmussen and Borch 2010). Concurrently, owing to their academic 

background, scientists engaging in research commercialisation activities often lack 

entrepreneurial and business development competences (De Cleyn et al. 2011; 

Fernandez-Alles et al. 2015; François and Philippart 2019). Moreover, financial 

support instruments are often standardised ignoring individual needs of and thereby 

the diversity within USOs. Consequently, current research commercialisation 

practices often lead to inconclusive results with regards to generating USO impact, 

with many research commercialisation projects failing partly or entirely, and the 

majority of USOs remaining small and showing limited business activity 

(Benneworth and Charles 2005; Mathisen and Rasmussen 2019; Mustar et al. 2008; 

Sciarelli et al. 2020).  Thus, we see the risk that support mechanisms are not most 

effectively used and potential technological, economic and societal impact is not 

realised.  
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In light of this critical stance, we argue that there is lack of comprehensive 

understanding of USOs and their characteristics in the initial stages of 

commercialisation.  In this dissertation, we follow the notion that early-stage USO 

development is not purely dependent on assembled resources, but on the 

competences to strategically apply these resources (Rasmussen et al. 2011). We refer 

to competence as an ability to achieve something by means of material (e.g. 

machinery, equipment) and immaterial resources (e.g. production know-how, 

knowledge of customer needs) (Danneels, 2002). In this dissertation, we also adopt 

an ‘imprinting view’ (Ciuchta et al. 2016; Stinchcombe and March 1965) and argue 

that early-stage USO conditions have a lasting impact on the USOs’ future 

development. At the same, an application of conventional research methods to 

study characteristics of USOs in nascent stages of development without a previous 

track record limits the depth of analysis, and therefore this dissertation introduces 

novel methodological approaches in the context of academic entrepreneurship and 

USO development.  

Thus, this dissertation aims to identify novel characteristics of USOs as a 

central mechanism of research commercialisation by employing robust multi-

disciplinary, mixed-method techniques. The focus of the analysis in this dissertation 

is the USO at the early venturing stage, examined at the level of the individual, 

organisation and the institution. The main research question of this dissertation is:  

 

What novel characteristics of USOs as a central mechanism of research 

commercialisation can be identified by employing robust multi-disciplinary techniques? 

 

This dissertation is based on four main studies that are presented in the 

next chapters contributing to the main research question. Additionally, this 

dissertation is based on three methodological premises. First, this dissertation 

emerges from a societal challenge to understand and improve the research 

commercialisation process by means of USOs to foster technological, economic 

and societal development on regional and national levels. Hence, this dissertation 

follows the ‘engaged scholarship’ perspective (Van de Ven 2007) and presents 

important practical and policy implications complementing the theoretical relevance 

of this research. Second, this dissertation employs a multi-disciplinary, mixed-

method approach combining theories and methods from scientometrics, academic 

entrepreneurship, natural language processing and computer science. The 

implemented multi-disciplinary approach, and  the ‘pluralist approach’ (Della Porta 

and Keating 2008) enables to overcome the limitations of conventional research 
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methods and to develop new actionable insights. Third, this dissertation uses textual 

data in the form of grant proposal applications by academic entrepreneurs from the 

leading Dutch technical universities to study high-tech USOs and their self-

perceived competence profiles. While textual data in the context of USOs is 

extremely useful for the analysis of academic ventures at the early- stages, the 

reported data is self-perceived and prone to qualitative judgements. Hence, this 

dissertation employs a combination of state-of-the-art text analysis techniques in 

conjunction with established theoretical frameworks to find novel USO 

characteristics by employing robust multi-disciplinary techniques. 

The remainder of the Introduction is structured as follows. In the next 

section, we embed this dissertation in the research context and provide an overview 

of the development of academic entrepreneurship in research. Further, we embed 

this dissertation in the practical context by presenting the Valorisation Grant (VG) 

programme as the context of this dissertation. Then, we embed this dissertation in 

the methodological context by presenting the scientific approach of this dissertation 

and discussing the need of novel research methods. Next, we present the research 

questions and the main contributions of this dissertation. Finally, we present the 

outline of this dissertation. 

 

1.2.  Embedding the Dissertation in the Research Context: Academic 

Entrepreneurship 

 

Academic entrepreneurship, despite garnering a substantial recognition over 

the past years, is not a new phenomenon but has a notable tradition (Clarysse et al. 

2011; Grimaldi et al. 2011; Hayter et al. 2018; Siegel and Wright 2015). Academic 

entrepreneurship, broadly defined as technological entrepreneurship in universities 

by means of patenting, licensing, spin-off formation, and university-industry 

collaborations (Grimaldi et al. 2011), can be referred back to the entrepreneurial 

activities of scientists in the 17th century German pharmaceutical industry 

(Etzkowitz 1998). With some episodic university-industry collaborations generating 

economic value in the 19th century (Hane 1999; Van Looy et al. 2011), the 

commercialisation of university research rose to a more prominent role in the 1940s, 

1950s, and 1960s in industries such as space, defence and energy  (Van Looy et al. 

2004; Van Looy et al. 2011). During the late 1970s policy-makers in the Unites 

States acknowledged a growing concern about the deterioration of the USA’s 

comparative advantage in high-technology industries and increasing global 
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competition, mainly because of Japanese firms (Coriat and Orsi 2002; Grimaldi et 

al. 2011).  

This resulted in the need of a more notable transfer of research results to the 

industry, fostering direct contributions of universities to economic growth, 

reforming of the ownership scheme for federally funded research, and creating 

organisational units focusing on technology licensing activities (Grimaldi et al. 2011; 

Mowery et al. 2015). The further enactment of the Bayh-Dole Act (Mowery et al. 

2001; Sampat et al. 2003) in the United States that granted universities the 

ownership of intellectual property with a possibility to exploit research-based 

commercial opportunities, greatly accelerated the development of academic 

entrepreneurship. Consequently, responding to these institutional and policy 

arrangements, European counterparts of the Bayh Dole Act were introduced 

(e.g.1998 Decree in Flanders, Belgium and the 2001 German legal changes on the 

professors’ privilege concerning the ownership of their inventions) (Van Looy et al. 

2004; Van Looy et al. 2011).  

In light of these legislative initiatives, both the USA and Europe experienced a 

significant rise and professionalization of technology transfer offices (TTOs), 

science parks, incubators, USOs and other types of research commercialisation 

mechanisms (Clarysse et al. 2011; Lockett et al. 2005). With increasing recognition 

of universities as the source of new knowledge and technology with a potential to 

boost economic growth, technological advancements and competitiveness, the 

concept of ‘Triple Helix’ (university-industry-government) started gaining 

increasing acceptance (Etzkowitz 2003; Etzkowitz and Leydesdorff 1995, 2000). 

Furthermore, by recognising the increased levels of research commercialisation, 

more active university involvement in economic and societal development, 

institutionalisation of USO activities, as well as, changing academics’ perceptions 

towards collaborative projects with industry, the ‘entrepreneurial university’ was 

born (Etzkowitz 1998; Miranda et al. 2018; Van Looy et al. 2011),. This 

development can be related to the ‘second academic revolution’ (Etzkowitz 1998, 

2003; Van Looy et al. 2011) emphasising the ‘third mission’ of universities (i.e. 

entrepreneurship) in addition to teaching and research (the research mission was 

added to the teaching mission during the ‘first academic revolution’) (Perkmann et 

al. 2013; Sam and van der Sijde 2014).  

One of the early examples facilitating research commercialisation in Europe in 

response to the increasing acknowledgment of the potential of academic 

entrepreneurship in the United States,  was the Business Technology Centre (BTC-

Twente) founded at the premises of the University of Twente, the Netherlands in 
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1981. The BTC-Twente was founded at the time when the Twente region faced a 

recession because of the decline of the textile industry. The BTC-Twente initially 

started as a joint project of the former American computer corporation Control 

Data and the Overijssel Development Agency (OOM). The purpose of BTC-

Twente was to provide support to ventures in the initial stages of their development, 

focusing on new micro-electronics companies and increase their likelihood of 

success (Kennispark Twente 2020). Ventures participating in the incubator received 

support in preparing their business plans, financial administration and financing 

possibilities. The major role of BTC-Twente at the time has been also recognised 

by the former alderman of the city of Enschede (Twente region), stating that: 

“Actually, the importance of BTC Twente for Kennispark and the region of Twente cannot be 

expressed in terms of value. BTC Twente has been extremely important for the development of 

jobs” (Kennispark Twente 2020). In addition, in 1984 the University of Twente has 

launched the TOP programme – an incubation programme for university start-up 

companies (Sijde and Tilburg 2000; van der Sijde and van Driem 1999). Over the 

years, the TOP programme developed into a professional (pre-)seed fund for 

Twente start-ups with innovative potential that can receive support from business 

coaches and IP, and other legal specialists, as well as, support in market analysis, 

financial management, and access to office location (NovelT, 2020). Academic 

entrepreneurship and high-tech venturing activities at the University of Twente 

have also resulted in a stream of relevant research, focusing not only on the analysis 

of BTC-Twente and TOP programme impact (Benneworth and Charles 2005; Sijde 

and Tilburg 2000; van der Sijde and van Driem 1999), but facilitated also entirely 

new research directions related to high-tech start-up development tensions (Groen 

et al. 2008), new product development and innovation performance within firms 

(de Visser et al. 2010; de Visser and Faems 2015), understanding the role of an 

academic entrepreneur (Kurek et al. 2007), and also studies on related policy 

developments (de Boer et al. 2007; Leisyte 2011).  

Since the 1990s, academic entrepreneurship and USOs as the prime mechanism 

of research commercialisation have received increasing recognition, both in 

practice, as evidenced by the raising number of USOs (Clarysse et al. 2011) and 

research, as evidenced by the growing number of publications (Hayter et al. 2018; 

Mathisen and Rasmussen 2019; Miranda et al. 2018). Prior research has addressed 

USO development and research commercialisation with regards to the factors 

explaining the creation of USOs (Berbegal-Mirabent et al. 2015), growth factors 

(Bock et al. 2018), management of tensions in the development process (Groen et 

al. 2008), survival (Prokop et al. 2019), and other performance determinants 
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(Ferretti et al. 2019; Hahn et al. 2019; Sciarelli et al. 2020), contributing relevant, yet 

fragmented knowledge (Belitski et al. 2019; Perkmann et al. 2013). Therefore, there 

is a need to integrate theories and methods (qualitative and quantitative)  to 

consolidate and synthesise the existing research and detect novel USO 

characteristics. 

 

1.3.  Embedding the Dissertation in the Practical Context: The Valorisation 

Grant programme by Dutch Research Council (NWO)  

 

To study the impact of the early-stage USO characteristics on the likelihood 

to acquire funding and survive on the market (Chapter 4), and delineate different 

USO types based on self-perceived first- and second-order competences using 

unsupervised text mining techniques (Chapter 5), this dissertation uses a unique 

dataset from a Valorisation Grant (VG) programme managed by the Dutch 

Research Council (NWO; Dutch: Nederlandse Organisatie voor Wetenschappelijk 

Onderzoek) and previously Technology Foundation STW. NWO “ensures quality and 

innovation in science and facilitates its impact on society. Its main task is to fund scientific research 

at public research institutions in the Netherlands, especially universities. NWO focuses on all 

scientific disciplines and fields of research. The funds are allocated by means of a national 

competition on the basis of quality and independent assessment and selection procedures. NWO 

plays several roles as a broad, national research organisation that actively contributes to various 

elements of national science and innovation policy” (NWO 2020). Considering that NWO’ 

funding instruments are primarily sponsored by the Ministry of Education, Culture 

and Science, and to some degree by other government ministries (e.g. Ministry of 

Economic Affairs, Ministry of Health, Welfare and Sport, Ministry of Foreign 

Affairs, Ministry of Infrastructure and the Environment), NWO aims to provide 

funding to the best scientific talents and the best research proposals through 

competition (NWO 2020).  

In line with the recent literature arguing about the increasing importance of 

university spin-offs as technology and knowledge transfer mechanisms with a 

potential to create new economic and societal impact (see, e.g. Bock et al. 2017; 

François and Philippart 2019; Muscio et al. 2016), NWO recognises the need to 

provide financial support to leverage the initial venturing stages of academic 

entrepreneurs. Through the VG programme, NWO seeks to minimise the gap 

between pre-organisation phase of USOs and the credibility threshold that enables 

USOs to signal external investors and venture capitalists about their readiness to 
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start active research commercialisation and enter the market with a sufficient 

potential to generate sustainable sales levels.  

The VG is a subsidy granted to researchers with entrepreneurial intentions 

for the development of university spin-offs and consists of two phases: Phase 1 is 

the feasibility study with a maximum funding of 25,000 Euro that has to be 

completed within six months. Projects that complete Phase 1 can submit their grant 

proposals for Phase 2, i.e. the valorisation phase with a maximum subsidy amount 

of 200,000 Euro.  Phase 2 projects which received the funding have to be completed 

within two years, including an interim evaluation. The VG programme existed 

between 2004 and 2014 and had two rounds of applications per year. The applicants 

for the VG funding were mainly from the leading technical universities in the 

Netherlands, such as Delft University of Technology, Eindhoven University of 

Technology, University of Twente, Leiden University and affiliated research 

institutes (e.g. Radboud University Medical Center, University Medical Center 

Utrecht).  

Table 1.1 provides an overview of the number of selected not-funded and 

funded proposals per each round of Phase 1 of the Valorisation Grant programme 

in the period between 2004 and 2014. In total, from 698 reported grant applications 

there are 410 not-funded grant proposals, 288 funded grant proposals, and the mean 

Phase 1 funding rate is 41.26%. It is important to note these selected proposals were 

selected for competition, while proposals that did not meet formal requirements 

were not selected for further evaluation. As indicated in Figure 1.1, the number of 

not-funded grant proposal applications varies more in comparison to funded grant 

proposal applications. This is explained to a notable extent by the VG programme 

regulations and fixed financial support allocated to each application round every 

year.  

Table 1.2 reports the number of selected not-funded and funded proposals 

per each round of Phase 2 of the Valorisation Grant programme in the period 

between 2004 and 2014. In total, from 259 reported grant applications there are 155 

not-funded grant proposals, 104 funded grant proposals, and the mean Phase 2 

funding rate is 40.15%. The findings indicate comparable funding rates in Phase 1 

and Phase 2 of the VG programme. Yet, from 288 funded grant proposals in Phase 

1, only 259 applications were made to Phase 2 of the programme. Figure 1.2 

demonstrates a similar pattern to the findings related to funding activities in Phase 

1.  
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Table 1.1. An overview of not-funded and funded USO grant proposals per year and each round of 

Phase 1 of the Valorisation Grant programme.  

VG Phase 1 
Application 

year 

VG Phase 1 
Application 

round 

Number of 
not-funded 

grant 
proposals 

Number of 
funded grant 

proposals 

Total 
number of 

grant 
proposals 

Funding rate 

2004 Round 1 62 21 83 25.30% 

2005 Round 2 28 20 48 41.67% 

2005 Round 3 11 8 19 42.11% 

2006 Round 4 8 9 17 52.94% 

2006 Round 5 13 13 26 50.00% 

2007 Round 6 15 12 27 44.44% 

2007 Round 7 11 12 23 52.17% 

2008 Round 8 8 12 20 60.00% 

2008 Round 9 6 8 14 57.14% 

2009 Round 10 15 17 32 53.13% 

2009 Round 11 15 14 29 48.28% 

2010 Round 12 31 20 51 39.22% 

2010 Round 13 15 15 30 50.00% 

2011 Round 14 28 15 43 34.88% 

2011 Round 15 16 15 31 48.39% 

2012 Round 16 24 19 43 44.19% 

2012 Round 17 17 11 28 39.29% 

2013 Round 18 27 18 45 40.00% 

2013 Round 19 32 15 47 31.91% 

2014 Round 20 28 14 42 33.33% 
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Table 1.2. An overview of not-funded and funded USO grant proposals per year and each round of 

Phase 2 of the Valorisation Grant programme.  

VG Phase 2 
Application 

year 

VG Phase 2 
Application 

round 

Number of 
not-funded 

grant 
proposals 

Number of 
funded grant 

proposals 

Total 
number of 

grant 
proposals 

Funding rate 

2005 Round 3 9 5 14 35.71% 

2006 Round 4 12 5 17 29.41% 

2006 Round 5 8 7 15 46.67% 

2007 Round 6 2 5 7 71.43% 

2007 Round 7 5 3 8 37.50% 

2008 Round 8 5 5 10 50.00% 

2008 Round 9 7 8 15 53.33% 

2009 Round 10 4 5 9 55.56% 

2009 Round 11 7 6 13 46.15% 

2010 Round 12 9 7 16 43.75% 

2010 Round 13 7 5 12 41.67% 

2011 Round 14 12 5 17 29.41% 

2011 Round 15 19 6 25 24.00% 

2012 Round 16 10 5 15 33.33% 

2012 Round 17 10 7 17 41.18% 

2013 Round 18 12 7 19 36.84% 

2013 Round 19 7 7 14 50.00% 

2014 Round 20 10 6 16 37.50% 
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Figure 1.1. An overview of the number of not-funded and funded Valorisation Grant proposals 

applications per each programme round in Phase 1. 

 

 

 

Figure 1.2. An overview of the number of not-funded and funded Valorisation Grant proposals 

applications per each programme round in Phase 2. 
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In terms of long-term survival, Table 1.3 illustrates the number of USOs 

that ceased to exist and the number of USOs that survived on the market 5 years 

after the participation in Phase 2 of the VG programme. In total, from 108 validated 

USOs, there are 42 ceased USOs and 66 survived USOs with the mean Phase 2 

survival rate at 61.11% (see Figure 1.3). Yet the findings indicate that the vast 

majority of USOs remain small (less than 20 employees) and generate minor to 

medium sales. At the same time, USOs successfully completing Phase 2 indicated 

an ability to attract additional funding sources in later stages. 

 

 

Table 1.3. An overview of ceased and survived USOs per year and per each round of the Phase 2 of 

the Valorisation Grant programme.  

VG Phase 2 - 
Application 

year 

VG Phase 2 - 
Application 

round 

Number of 
ceased 
USOs 

Number of 
survived USOs 

Total 
number of 

USOs 

USO Survival 
rate 

2007 7 3 1 4 25.00% 

2008 8 4 2 6 33.33% 

2008 9 2 4 6 66.67% 

2009 10 1 3 4 75.00% 

2009 11 2 3 5 60.00% 

2010 12 3 5 8 62.50% 

2010 13 1 4 5 80.00% 

2011 14 6 6 12 50.00% 

2011 15 10 9 19 47.37% 

2012 16 1 4 5 80.00% 

2012 17 2 6 8 75.00% 

2013 18 4 5 9 55.56% 

2013 19 1 5 6 83.33% 

2014 20 2 9 11 81.82% 
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Figure 1.3. An overview of the mean USO survival rate per each round of Phase 2 of the Valorisation 

Grant programme. 
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(AES, previously Technology Foundation STW) manages several additional funding 

instruments, namely: Open Technology Programme, Perspectief programme, 

Partnership programme, Demonstrator programme, High Tech Systems and 

Materials (HTSM) programme, Open Mind programme, Talent Scheme 

programme and other programmes managed in collaboration with other parties 

(NWO 2020).  

 

1.4.  Embedding the Dissertation in the Methodological Context   

 

1.4.1. Scientific positioning of the dissertation: a multi-disciplinary 

approach 

 

This dissertation analyses USOs as a prime mechanism to generate 

technological, economic and societal impact (Fini et al. 2017; Rasmussen and 

Wright 2015; Siegel and Wright 2015). Yet, we argue that both in research and 

practice, there is a lack of comprehensive understanding of the research 

commercialisation process in general, and USOs and their characteristics in 

particular. In result, despite favourable institutional and policy arrangements 

stimulating the development of academic entrepreneurship and commercialisation 

of research-based outcomes (Grimaldi et al. 2011; Van Looy et al. 2011), the results 

are far from satisfactory (Benneworth and Charles 2005; Prokop et al. 2019; Sciarelli 

et al. 2020) and often potential impact remains untapped. In line with this critical 

stance, and to address this problem, we purposefully adopt a multi-disciplinary 

approach to identify novel characteristics of USOs to foster more impactful 

research commercialisation. The multi-disciplinary scientific approach of this 

dissertation is based on three fundamental premises.  

First, this dissertation originates from the BMS Tech4People initiative 

sponsored by the University of Twente. The established initiative aims to strengthen 

the collaboration between the human, engineering and natural science disciplines at 

the University of Twente to address and solve complex technological and societal 

issues (Tech4People 2014). Second, this dissertation to a large extent is based on 

data obtained from NWO that similarly to Tech4People initiative “facilitates excellent, 

curiosity-driven disciplinary, interdisciplinary and multi-disciplinary research” (NWO vision 

2020) to create scientific and societal impact. “In this role, NWO focuses on all scientific 

disciplines and on the entire knowledge chain with an emphasis on fundamental research. NWO 

connects researchers from various disciplines and across the entire knowledge chain and brings 

researchers and societal partners together. NWO funds the personnel and material cost for scientific 
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research and knowledge exchange and impact activities of Dutch universities and public research 

institutes. NWO invites partners from industry, the government and societal organisations to 

contribute with their own knowledge agendas and questions to the programming, realisation and 

co-funding of research” (NWO 2020). Third, we follow the notion that the ability of 

academic research to solve practical problems has deteriorated (Van de Ven 2007), 

and therefore potential to solve complex technological and societal issues is lagged. 

In this dissertation we build on these premises and address USO development 

as a multi-faceted process with complex interconnections between individuals, 

organisations and institutional actors, and more increasingly end-users (McAdam et 

al. 2018). This stakeholder-oriented approach in this dissertation is embedded into 

the ‘engaged scholarship’ approach (Van de Ven 2007). It is defined as: “a 

participative form of research for obtaining the different perspectives of key stakeholders (researchers, 

users, clients, sponsors, and practitioners) in studying complex problems. By involving others and 

leveraging their different kinds of knowledge, engaged scholarship can produce knowledge that is 

more penetrating and insightful than when scholars or practitioners work on the problems alone” 

(Van de Ven 2007, p.9). Engaged scholarship follows a critical realism approach 

(Archer et al. 2013; Van de Ven 2007), and therefore we further follow the logic of 

existence of a real world, yet our abilities as researchers to capture this real world 

are severely hindered and can only be approximated (Van de Ven 2007). Following 

the notion of subjective epistemology, researchers cannot entirely and objectively 

assess the USO development process and research commercialisation that would 

inevitably lead to success and a large-scale impact. Considering that there is a lack 

of dominant, predefined methodology how to study this phenomenon, in this 

dissertation we further follow a pluralist approach (Della Porta and Keating 2008), 

which supports the adopted multi-disciplinary approach.  

The multi-disciplinary research of this dissertation has been encouraged and 

accepted by scholars from a variety of disciplines. For instance, Chapter 2 of this 

dissertation is published in the Journal of Technology Transfer that emphasises research 

on management practices and strategies for technology transfer. Chapter 3 of this 

dissertation is published in Scientometrics that investigates the development and 

mechanism of science by employing statistical mathematical methods and advocates 

a fully interdisciplinary character. Both chapters are based on a combination of 

qualitative and quantitative research methods to study the evolution of U-I 

collaborations and academic entrepreneurship, and to detect new emerging research 

patterns to advance this field further by providing relevant insights into a variety of 

research streams, e.g. management, entrepreneurship, technology innovation, 

economic geography, policy developments. Furthermore, the other studies 
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presented in this dissertation have been to international conferences that welcome 

an application of non-conventional, multi-disciplinary approach. Chapter 4 of this 

dissertation has been presented at the Innovation and Product Development 

Management Conference that foster the broad and inclusive nature of innovation 

and new product/service development researchers and practitioners interested in 

managerial, policy and societal issues from organisation studies, marketing, 

management, technology management, organisational psychology, creativity and 

design perspectives. Chapter 5 has been presented to and accepted by scholars at 

DRUID conference focusing on premier research on innovation and the dynamics 

of structural, institutional and geographic change, and also the Academy of 

Management Annual Meeting. The earlier versions of studies have also been 

presented at the High Tech Small Firms conference that embraces technology and 

science-based entrepreneurship studies, as well as, R&D management conference 

that addresses R&D and innovations topics to tackle organisational and societal 

challenges.  

 

1.4.2. Implementing a multi-disciplinary approach: call for novel research 

approaches 

 

The implemented multi-disciplinary approach, and  the ‘pluralist approach’ 

(Della Porta and Keating 2008) encourages openness to novel research methods to 

overcome the limitations of conventional research methods. In this dissertation, 

therefore,  we draw on a burgeoning research stream on text mining and machine 

learning techniques to generate new actionable insights in the context of academic 

entrepreneurship and research commercialisation by USOs. Text mining in this 

dissertation is defined as: “the art of data mining from text data collections. The goal is to 

discover knowledge (or information, patterns) from text data, which are unstructured or semi-

structured. It is a subfield of Data Mining (DM), which is also known as Knowledge Discovery 

in Databases (KDD). KDD is to discover knowledge from various data sources, including text 

data, relational databases, Web data, user log data, etc. Text Mining is also related to other 

research fields, including Machine Learning (ML), Information Retrieval (IR), Natural 

Language Processing (NLP), Information Extraction (IE), Statistics, Pattern Recognition (PR), 

Artificial Intelligence (AI), etc.” (Cai and Sun 2009, p. 3061). Machine learning refers 

to: “a field of computer science that studies algorithms and techniques for automating solutions to 

complex problems that are hard to program using conventional programing methods” (Rebala et 

al. 2019, p.1). Unsupervised machine learning “aims at finding certain dependence structure 

underlying data via optimizing a learning principle. Considering different types of structures, studies 
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include not only classic topics of data clustering, subspace, and topological maps, but also emerging 

topics of learning latent factor models, hidden state–space models, and hierarchical structures” 

(Kwok et al. 2015, p. 496).  

This dissertation (Chapter 4 and 5 in particular) studies early-stage USO 

characteristics and their implications during the transition from the research phase, 

to the opportunity recognition phase, and to the pre-organisation phase eventually 

reaching the credibility threshold, according to the framework by Vohora (2004). 

This implies that early-stage USOs being in nascent stages of venture development 

lack operational and financial performance history. Hence, a crucial source of 

information during the early-stages of USO development is a self-perceived 

assessment of USO’s technological and commercial potential, project planning and 

team commitment in the form of textual data (i.e. Valorisation Grant proposals). In 

turn, evaluation of USO’s technological feasibility and assessment of further 

research commercialisation trajectory requires an application of non-conventional 

research methods.  

Specifically, Lee and Shin (2020) argue that machine learning can be considered 

as one of the most disruptive innovations for businesses today with the potential to 

create new competitive advantages. Machine learning introduced more intelligent 

and automated processes stimulating a reduction of required costs and time, 

creating additional value using improved products and services, as well as, 

improving customer acquisition and retention (Lee and Shin 2020). One of the 

prime research fields benefitting from text-mining applications in the past years 

relates to studies using patent documents as large-scale textual data. Magerman et 

al. (2015) apply text-mining algorithms to explore whether the involvement in 

patenting activities affects the academic performance of researchers. Specifically, 

the authors use a variety of text-based similarity metrics on scientific publications 

and patent documents to identify and validate biotechnology patent-paper pairs on 

a large scale. Woo et al. (2019) propose a machine learning approach to screening 

early-stage ideas in patented inventions and their associated technological value. By 

constructing keyword vectors from patent documents, and the k-nearest neighbour 

(kNN) algorithm, the authors provide new insights into an improved understanding 

of the characteristics of the early stage idea screening environment and its 

challenges, enhancing search and decision making in screening ideas at acceptable 

limits of time and cost (Woo et al. 2019).  

Hannigan et al. (2019) acknowledge the increasing application of topic 

modelling techniques by management and social science researchers to identify new 

theoretical constructs and establish new conceptual relationships from textual data. 
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Hannigan et al. (2019) further demonstrate how topic modelling technique can 

advance various research domains and compares its features to other text-based 

research methods. More studies applied text mining and topic modelling algorithms 

to patent documents. For example, Suominen et al. (2017) state that a novel 

application of text mining and machine learning techniques enables a cost-effective 

analysis of full-text patent data, therefore mitigating the limitations of standard 

analytical approaches. The authors focus on the leading telecommunication firms 

between 2001 and 2014 based on about 160,000 USPTO full-text patents and 

employ topic modelling using latent Dirichlet allocation (LDA) algorithm to 

demonstrate company-specific differences in their knowledge profiles and their 

evolution (Suominen et al. 2017). Buenstorf and Heinisch (2020) focus on a specific 

knowledge channel in university-industry collaborations, namely mobility of 

recently graduated PhDs to industry, and employ correlated topic models to 

examine how the scholarly work of recent PhDs influence the firm’s patent 

portfolio, as well as, the connection of PhDs scholarly work to their patenting work. 

Páez-Avilés et al. (2018) use latent Dirchlet allocation algorithm in a domain of 

nanotechnology. Using 69 health-related projects from the Work Programme LEIT 

2014–2015 of H2020, authors tested the impact of the degree of multi-disciplinarity 

within a project on the creation of technological diversity among projects (Páez-

Avilés et al. 2018).  

Yet, application of text mining and machine learning techniques is not limited 

to patent documents but is garnering an increasing recognition by scholars in other 

types of studies. For instance, in a recent study Wullum Nielsen and Börjeson (2019) 

employ latent Dirichlet allocation algorithm in combination with correspondence 

and regression analyses based on a global sample of more than 25,000 management 

articles to examine the impact-, content- and status-related dimensions of gender 

diversity in management research. Kim et al. (2019) employ topic modelling using 

LDA algorithm to extract latent topics from policy papers mentioning societal 

issues and associated trends over ten years. The authors find that the effectiveness 

of this method is confirmed by comparing their generated topics to expert-selected 

STEEP drivers in national foresight report. Furthermore, authors suggest using text 

mining techniques on policy-level data to enhance further engagement of the public, 

stakeholders, and government parties  (Kim et al. 2019). Additionally, Woltmann 

and Alkærsig (2018) argue that despite the increasing importance of academia to 

contribute to the socio-economic development, the detection of relevant knowledge 

transfer remains challenging. The authors, therefore, call for new methodological 

approaches to assess knowledge transfer of universities quantitatively. In their 
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study, the authors employ latent Dirichlet allocation algorithm and TF-IDF term 

indexing to identify knowledge transfer that is typically overlooked in conventional 

studies by detecting connections of scientific publications and company documents. 

The findings of this study provide new insights into a better understanding of 

successful university-industry collaborations from the perspective of policymakers 

and other stakeholders (Woltmann and Alkærsig 2018).  

To answer our research questions and generate new actionable insights, state-

of-the-art text mining and unsupervised machine learning techniques, namely topic 

modelling using latent Dirichlet allocation algorithm in Chapter 5, and hierarchical 

text clustering in Chapter 3 and Chapter 5 are employed, in conjunction with 

qualitative research methods. An in-depth elaboration of applied research methods 

is presented in the chapters corresponding to the central studies of this dissertation.  

 

1.5.  Research Problem: An integrative perspective 

 

We argue that university-industry collaborations and university spin-offs 

(USOs) in particular present a significant potential to generate technological, 

economic and societal impact on regional and national levels. However, research 

commercialisation is a multi-faceted process with many complex interconnections 

between different stakeholders (i.e. university/academic entrepreneurs, industry, 

government, and increasingly end-users. Academic entrepreneurs engaging in 

venturing activities often lack the necessary knowledge and entrepreneurial 

competences and therefore, the available financial support instruments remain 

ineffective. In result, many USOs in the early-stages of venture development face 

major challenges to overcome the initial critical junctures (Vohora et al. 2004) and 

liabilities of newness and smallness (Gümüsay and Bohné 2018). In result, many 

USOs remain small and indicate a limited business activity, while the potential 

impact remains untapped. We further argue that there is a need for a comprehensive 

understanding of USOs and their characteristics in the initial stages of 

commercialisation by the involved stakeholders. To address this problem, we follow 

a multi-disciplinary approach and employ a combination of robust quantitative and 

qualitative research techniques. Thus, this dissertation addresses the following main 

research question: 

 

What novel characteristics of USOs as a central mechanism of research commercialisation can be 

identified by employing robust multi-disciplinary techniques? 
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To answer the main research question, this dissertation proposes four 

research questions that investigate the scope of (1) university-industry 

collaborations and (2) academic entrepreneurship, (3) examine the role of key 

determinants of USO success, and (4) theorise concerning the heterogeneity of 

USO types and associated implications in relation to their development trajectories. 

Before we specify the four studies, we provide a summary of the research questions, 

the contribution of each study in answering the main research question, and the 

research methods used in each study in Table 1.4.  

Study 1 focuses on developing a comprehensive understanding of U-I 

collaborations as a whole, and of mechanisms that foster and hinder effective 

collaborations in particular. U–I collaborations can be broadly defined as 

partnerships between one or several academic or research institutions and one or 

several companies operating in industrial markets focused on collaborative R&D 

activities (Bozeman et al. 2013; Perkmann et al. 2011; Petruzzelli 2011). U-I 

collaboration is an important mechanism that enables universities and USOs to 

extend the scope of research results as well as commercial and scientific applicability 

of research-based outcomes (D’Este and Perkmann 2011; Ponds et al. 2010). Such 

university-industry collaborations present a high value also for industrial partners 

by enabling to access cutting-edge knowledge and research competences of their 

academic partners, leading to enhanced market competitiveness (Perkmann et al. 

2011). In light of favourable institutional arrangements in recent years, there is an 

increasing number of collaborative activities, yet managing inter-organisational 

partnerships remains challenging. To understand current and emerging potential 

benefits and challenges of U-I collaborations and establish connections between 

previously adopted theoretical foci, this study employs co-citation analysis (focusing 

on past and present trends) and bibliographic coupling (focusing on current and 

emerging trends). Additionally, we use a comprehensive content analysis on 

scientific articles to identify the scope of this dissertation and detect promising 

future research avenues. Therefore, Study 1 addresses the following research 

question:  

Research question 1: What are the current and emerging research patterns in the 

university-industry collaboration literature? 
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Table 1.4. An overview of the four central studies, research questions, contributions of the study and 
employed research methods. 
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Study 2 complements and extends the Study 1 by focusing explicitly on 

academic entrepreneurship at the scale of the entire research domain. Hayter et al. 

(2018) refer to academic entrepreneurship as the establishment of new spin-off 

companies by faculty, postdocs, students, or other university-affiliate based on 

university technology. The intensity of academic entrepreneurship is increasing due 

to (1) competitive pressures by rival research institutions, (2) increasing pressure of 

universities to attract external funds, and (3) increasing financial support by 

institutional actors (Siegel and Wright 2015). At the same time, academic institutions 

are challenged to balance more traditional activities of teaching and research at 

increasing levels of research commercialisation. To conduct a comprehensive 

analysis of current and emerging research patterns at the scale of the entire research 

domain, we employ bibliographic coupling and hierarchical clustering techniques. 

Additionally, we use a comprehensive content analysis on scientific articles to 

identify the key antecedents and consequences of academic entrepreneurship and 

detect promising future research avenues. Therefore, Study 2 addresses the 

following research question: 

Research question 2: What are the current and emerging research patterns in the 

academic entrepreneurship literature? 

 

Study 3 focuses explicitly on the early-stage USOs transferring from the 

research phase to the opportunity framing phase, and then to the pre-organisation 

phase (Vohora et al. 2004). In this study using a unique dataset, we examine how 

early-stage USOs need to shape their venture and team characteristics to overcome 

the initial phases of spin-off development in terms of acquiring funding as leverage 

for further growth and long-term survival. This study adopts USO development 

and capability approaches (Rasmussen & Borch 2010; Vohora et al. 2004), venture 

capitalist and business planning literature, and learning theory. This study addresses 

the need to understand better the impact of the early-stage USO technological and 

marketing capabilities in terms of securing initial funding, and therefore reaching 

the credibility threshold, and contrasting these results to the USO long-term 

survival. This study also examines the effect of team size, professorial leadership 

and previous failure experience. Therefore, Study 3 addresses the following research 

question: 

Research question 3: What is the impact of early-stage university spin-off 

characteristics on the likelihood to acquire funding and survive on the market? 
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Study 4 is a methodological study following the multi-disciplinary approach. 

This study aims to solve the existing research gap in the academic entrepreneurship 

and USO development literature by developing a new USO typology, based on their 

self-perceived competence profiles. In this study, we extend the prior contributions 

to conceptualise and differentiate USOs (see, e.g. Bathelt et al. 2010; Djokovic and 

Souitaris 2008; Mustar et al. 2006; Pirnay et al. 2003), particularly emphasising the 

role of their competences (see, e.g. Bock et al. 2018; Colombo and Piva 2012; 

Gümüsay and Bohné 2018; Rasmussen et al. 2014). By employing novel analytical 

approach and validating our results using an established framework of first- and 

second-order competences (Danneels 2002, 2008, 2016), we aim to delineate USO 

types based on their unique technology/commercialisation orientation and 

exploitation/exploration focus. By following an imprinting view, we outline USO 

development trajectories and highlight future-related benefits and drawback for 

each USO type. Therefore, Study 4 addresses the following research question: 

Research question 4: How can university spin-offs be differentiated based on self-

perceived competences using unsupervised text mining techniques? 

 

1.6.  Overview of main contributions 

 

This dissertation aims to identify and develop a better understanding of 

novel characteristics of USO as central mechanism of research commercialisation 

employing robust multi-disciplinary, mixed-method techniques to facilitate the 

creation of new technological, economic and societal value. Due to its multi-

disciplinary approach, this dissertation contributes new insights into several 

research fields (e.g. academic entrepreneurship, bibliometrics, high-tech venturing, 

text mining and (unsupervised) machine learning) and offers relevant implications 

for scholars, academic entrepreneurs, and policymakers. In general, this dissertation 

has three main contributions.  

First, this dissertation examines and identifies the complex, multi-faceted 

scope of U-I collaborations and academic entrepreneurship. Since the 1980s, the 

implementation of crucial institutional arrangements and policy developments 

stimulating regional and national research commercialisation resulted in a more 

prominent focus on university’s ‘third mission’ (Miranda et al. 2018; Perkmann et 

al. 2013; Siegel and Wright 2015). Universities, in turn, initiated more active 

engagement in entrepreneurial activities driven by competitive pressure of rival 

universities, the pressure to attract external investments, and increasing financial 

support from government-actors (Siegel and Wright 2015).  The emerging need to 
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shift towards the Quadruple Helix model (Carayannis and Campbell 2012; McAdam 

et al. 2018) and to consider additional stakeholders resulted, on the one hand, in 

acceleration of academic entrepreneurship, and on the other hand, in the increasing 

fragmentation and diversity of opinions, goals and performance determinants. 

Thus, this dissertation prevents further fragmentation by consolidating and 

synthesising the existing literature and identifies the central interconnections 

between crucial antecedents at individual, organisational and institutional levels, as 

well as, identifies emerging research avenues to advance this field further. 

Second, by focusing on USOs that are in nascent stages of development, 

this dissertation identifies that USO characteristics determining academic venture 

survival cannot predict the funding success to the same degree, and vice versa. Thus, 

this dissertation contributes to the discussion on short-term and long-term success 

criteria and their interdependency, and calls for a competence-oriented approach 

focusing on the academic entrepreneurs’ abilities to leverage their knowledge and 

resources, and remain adaptive to changing market conditions. 

Third, this dissertation develops a new USO typology based on their 

exploitative/explorative competence portfolios employing a novel methodological 

approach and therefore avoiding the limitations of conventional research methods. 

The new USO typology (1) provides a basis for future research and invites scholars 

to link this typology to a variety of business outcomes, (2) present (academic) 

entrepreneurs with a new self-assessment tool, (3) presents policymakers and 

funding parties with a new instrument to reduce potential subjective, the human 

bias in the USO evaluation process and to improve the effectiveness of funding 

allocation.  

 

1.7.  Structure of this Dissertation 

 

This dissertation is based on four scientific studies presented in the form 

of chapters (Chapters 2, 3, 4 and 5) followed by an overarching discussion and 

conclusions. The scientific studies included in this dissertation are in their original 

form, and only the layout and numbering have been adapted.  

In Chapter 2, the research question 1 is answered. This chapter, first, 

examines the evolution of U-I collaboration research field using co-citation analysis. 

Second, a bibliographic coupling is employed on 435 Web of Science publications 

to examine current and emerging research patterns. The consolidated and 

synthesised findings at individual, organisational and institutional levels are 
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complemented with in-depth content analysis to provide a comprehensive future 

research agenda. 

In Chapter 3, we further delineate the findings of Chapter 2. In particular, 

to answer research question 2, this chapter builds on the identified multi-layered 

ecosystem focusing on individual, organisational and institutional levels. 

Furthermore, as evidenced by the results of bibliometric analysis in Chapter 2, 

academic entrepreneurship is one of the core elements of the university-industry 

collaborations, supporting the relevance of USOs as a key channel for research-

based knowledge valorisation. Thus, in Chapter 3 we conduct a bibliometric analysis 

of the literature on academic entrepreneurship and university spin-offs, using 

bibliographic coupling and hierarchical text clustering to detect current and 

emerging research patterns that form a multi-layered, interconnected research 

agenda. 

In Chapter 4, we empirically test the key success determinants of USO 

performance, derived from the results of Chapter 2 and Chapter 3. Specifically, we 

study how early-stage technological and marketing capabilities, as well as, 

professorial leadership, team size and leveraged failure experience impact the ability 

to overcome (1) the initial phases of USO development in terms of acquiring VG 

proposal funding and (2) long-term survival on the market, using binary logistic 

regression. 

 In Chapter 5, we adopt an established framework of first- and second-order 

competences (Danneels 2002, 2008, 2016) to study the self-perceived first-order 

technological, second-order R&D, first-order customer, and second-order 

marketing competence composition in 108 USO grant proposals participating in 

Phase 2 of the Valorisation Grant programme. Following the imprinting view 

(Stinchcombe and March 1965) and employing latent Dirichlet allocation (LDA) 

model and hierarchical clustering, this chapter delineates seven USO types with 

unique self-perceived competence composition, and theorises different USO 

development trajectories concerning exploitative and explorative technology 

development and technology commercialisation activities. 

The overall discussion in Chapter 6 presents the summary of the main 

findings in line with four research questions, answering the main research question. 

Then, the main implications for theory, practice and policy-makers are presented. 

Finally, we elaborate on the limitations of this dissertation that set a promising 

research agenda and a new methodological approach.



 



 

 

 

CHAPTER 2:  

Mapping the field: A bibliometric analysis of 

the literature on university-industry 

collaborations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This chapter is published as Skute, I., Zalewska-Kurek, K., Hatak, I., & de Weerd-Nederhof, P. (2019). 

Mapping the field: a bibliometric analysis of the literature on university–industry collaborations. The 

Journal of Technology Transfer, 44(3), 916–947. 
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Abstract 

 
The substantial acknowledgement of university–industry (U–I) collaborations as 
promotor of economic progress, innovativeness and competitiveness fostered a 
continuous research engagement. At the same time, the U–I literature experienced 
a notable increase in the past decade, transforming into a multi-faceted and 
ambiguous research field, characterised by highly complex interlinks. The recent 
transformation hinders a comprehensive understanding of the latest developments 
in research directions and their clear delineation. Therefore, the purpose of this 
bibliometric literature review is to examine the evolution of the field and identify 
the primary emerging patterns. This paper employs co-citation analysis and 
bibliographic coupling techniques to analyse the U–I publications dataset. The 
findings indicate that the U–I collaborations research can be systematically 
clustered, resulting in an interconnected ecosystem consisting of three levels: 
individual, organisational and institutional, respectively. Thus, this review presents 
the immense contribution that the analysis of U–I collaborations makes to various 
research streams. Building on these findings and employing qualitative content 
analysis on the clustered publications, the paper develops a research agenda that 
encourages future investigations of previously overlooked features of U–I 
collaborations in general, and their role across levels of analysis, contexts and stages 
of the collaboration process in particular. 
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2.1. Introduction 

 

In recent years, university-industry (U-I) collaborations have garnered 

substantial interest as a source for knowledge production and new technological 

advancements, fostering the economic and innovative competitiveness of regions 

(Bishop et al. 2011; D’Este et al. 2013; Rasmussen and Wright 2015). This interest 

largely proceeds from three sets of arguments. The first argument relates to quantity 

– industrial partners increasingly engage in collaborative activities with academic 

institutions to source the cutting edge R&D insights and leverage their research and 

product development capabilities (Perkmann et al. 2011). At the same time, 

becoming more ambidextrous, universities actively engage in the commercialisation 

of research results and technological advancements after research activities (D’Este 

and Perkmann 2011; Perkmann et al. 2013; Villani et al. 2017). Second, related to 

quality, both university and industry collaboration partners encounter challenges in 

successfully managing their inter-organisational innovation processes and the 

associated relational and institutional dependencies (Bozeman et al. 2013; Van Looy 

et al. 2011; Wirsich et al. 2016). Third, policy makers increasingly hail U-I 

collaborations as a tool to address economic and societal challenges by novel means 

(Ponds et al. 2010; Lehmann and Menter 2016). 

Thus, understanding the mechanisms that foster and hinder U-I 

collaborations has also become a crucial challenge for scholars (D’Este et al. 2013; 

Maietta 2015; Rasmussen and Wright 2015). Broadly, U-I collaborations refer to 

partnerships between one or several academic or research institutions and one or 

several firms operating in industrial markets focused on collaborative R&D 

activities (Bozeman et al. 2013; Perkmann and Walsh 2007; Petruzzelli 2011). The 

importance of the research area is evidenced by the fast-growing number of 

scholarly publications addressing the following: characteristics and motives of 

individuals engaged in the commercialisation of research, both from academia and 

industry, and their effects; characteristics and motives of the organisations involved 

in collaborative R&D activities, and their effects; and characteristics and 

developments of regional policy measures targeted to foster U-I collaborations 

(Carayannis and Campbell 2012; Laursen et al. 2011; Link 2015; Perkmann et al. 

2013). Prior research highlights a broad variety of elements shaping the U-I 

collaboration process and identifies several predictors of the scientific and 

economic impact of joint research activities.  

Consequently, the current state of knowledge, on the one hand, can be seen 

as relatively fragmented by following distinct directions of fundamental research 
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perspectives. Conversely, the scope of the U-I collaborations literature is 

continuously extended, evidenced by increasing research on complex 

interconnections among diverse elements of U-I collaborations (Link 2015). Thus, 

the current body of U-I knowledge has recently been transformed into a complex, 

multi-faceted field with many interlinkages that exacerbate a far-reaching and robust 

interpretation of findings due to the application of different theoretical perspectives 

and models (Perkmann et al. 2013; Petruzzelli 2011; Teixeira and Mota 2012). 

Specifically, U-I research appears to not coherently establish connections between 

previously adopted theoretical understandings and empirical models, hindering the 

visibility of clear directions for coherent future research. Therefore, U-I researchers 

run the risk of duplicating empirical findings while leaving knowledge gaps in other 

areas (Delgado García et al. 2015; Gerbin and Drnovsek 2016). Consequently, a 

coherent analysis of the evolution of the U-I collaboration research and a reflection 

against current thematic areas and emerging patterns are needed (Diez-Vial and 

Montoro-Sanchez 2017; Minguillo et al. 2015; Teixeira and Mota 2012). 

To address the challenges indicated above, we conduct a quantitative 

bibliometric analysis of 435 peer-reviewed articles, using co-citation analysis and 

bibliographic coupling techniques. Up to now, quantitative review approaches in 

the context of U-I studies are limited, especially when it comes to capturing the 

field’s latest developments (for calls resolving this gap, see e.g., Teixeira and Mota 

2012; Meyer et al. 2014; Davey et al. 2016). This limitation is surprising, as narrative 

reviews can include sampling, measurement, stochastic, and external validity issues 

and generally do not allow to quantify the relationships (Schmidt and Hunter 2004). 

Furthermore, narrative reviews frequently incorporate various normative and 

cognitive biases of the researcher (Rosenbusch et al. 2011). In turn, by employing a 

quantitative approach to our literature analysis, we unravel the scientific roots of 

the U-I research and identify current thematic areas and emerging patterns in the 

field. Additionally, by conducting a qualitative content analysis, based on the 

identified articles, we generate nuanced insights into relevant future research 

directions.  

The results of the co-citation analysis imply that the U-I research field is 

based on four thematic clusters focused on the following: (1) the Distance 

perspective and the impact of Partner Complementarity, (2) the antecedents and 

consequences of Academic Entrepreneurship, (3) the Ecosystem perspective 

regarding the governance mechanisms and policy developments and (4) the 

efficiency of the available Interaction Channels and Knowledge Transfer. In turn, 

the results of bibliographic coupling suggest six current and emerging thematic 
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clusters. While three themes are overlapping with the findings of the co-citation 

analysis, namely the Ecosystem perspective (cluster 1), Academic Entrepreneurship 

perspective (cluster 3), and Distance perspective (cluster 4), we uncovered three 

additional inter-related themes: the Social Relations perspective (cluster 2) 

addressing the relationship development among individuals and firms, Interaction 

Process and Knowledge Transfer perspective outlining the dynamics and key 

elements of the U-I collaborations, and Policy Implications perspective (cluster 6) 

highlighting the impact of regional policy developments. 

This paper makes the following contributions: First, this study uncovers 

the evolution of the U-I collaboration concept by comparing its foundations with 

current thematic areas and emerging patterns. This paper consolidates the insights 

generated by U-I researchers in the past years, thus providing a comprehensive 

reflection of the research field. Second, by performing a content analysis of 

identified thematic areas, this study advances a multi-layered and inter-connected 

research agenda encouraging future investigations of previously understudied 

features and mechanisms of U-I collaborations on individual, organisational and 

institutional levels in general, and their role in various contexts and stages of the 

collaboration process in particular. 

The article is structured as follows. In the following section, we explain the 

research design and methods employed. Then, the main results of the co-citation 

analysis and bibliographic coupling are presented. Furthermore, we discuss the main 

implications for academics and policy makers, while defining the emerging patterns 

in the field and presenting future research directions. Finally, limitations of this 

study are discussed. 

 

2.2. Research Design 

 

The articles for this review were retrieved from the Thomson Reuters Web 

of Science database. This database is recognised to cover a broad range of relevant 

journals and peer-reviewed articles of high quality. While we acknowledge the 

availability of various other databases, we act in accordance with the methodological 

approach of previous research (see e.g., Meyer et al. 2014); in addition, as we focus 

mainly on investigating patterns of indicators, this restriction can be accepted. We 

use ‘university industry’ as the keyword for searching titles, abstracts and/or 

keywords while allowing for variations of term spelling (e.g., ‘university-industry’, 

‘university/industry’ etc.). This keyword combination allows to grasp the U-I 

literature scope at a broad level and minimises the risk of including false positive 
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items that do not compliment the actual thematic literature, potentially leading to 

misleading interpretations of the state of knowledge (Kovács et al. 2015). We 

restricted the search to document type – that is, articles – in the Web of Science 

database and to the literature published in the period of 2011 to 2016 (incl.) to 

complement previous research and to study the latest and emerging developments 

in the field. This search process resulted in a final sample of 435 articles in total, 

referring to 3102 citations and 14705 references. To avoid false positive items in the 

dataset, all articles that formed a corpus for bibliographic coupling and that 

provided the basis for a set of references used for co-citation analysis were checked 

for the inclusion of the ‘university industry’ keyword or its variation in title, abstract 

and/or keywords.  

To analyse publication scientific mapping patterns and to evaluate the 

similarity of U-I literature themes, co-citation analysis and bibliographic coupling 

techniques were applied (Boyack and Klavans 2010; Kessler 1963; Small 1973). 

Bibliographic coupling focuses on matching articles in the dataset based on shared 

references. In turn, co-citation analysis matches articles in the dataset that are jointly 

cited by another article. Due to its nature, co-citation analysis is based on cited 

articles and therefore is suited for examining the development of the literature from 

its roots, while bibliographic coupling is based on citing articles and hence is more 

applicable to identify the current state of the literature and the emerging patterns 

(see e.g., Boyack and Klavans 2010; Meyer et al. 2014; Kovács et al. 2015).  

Thematic clusters were developed and visualised based on normalised 

relatedness measures. An association strength measure was chosen as appropriate 

for normalising co-occurrence data, in accordance with the methodological 

approach adopted by previous studies (Kovács et al. 2015; van Eck and Waltman 

2009; Waltman et al. 2010). A detailed methodological overview including 

calculations of the association strength measure and comparison to other well-

known measures is provided in Van Eck & Waltman (2009) and Waltman et al. 

(2010). Clustered bibliometric networks were constructed by adopting the 

visualisation of similarities (VOS) approach using an optimised algorithm of 

VOSviewer 1.6.5 (van Eck and Waltman 2007, 2010). 

Additionally, qualitative content analysis of the publications based on the 

clustering results was used. The identified clusters were labelled accordingly by 

performing the term frequency count and analysing the content of titles, abstracts 

and keywords of the clustered publications. Subsequently, the 20 most cited articles 

with the highest link strength in each cluster were qualitatively analysed by the 

authors to reveal future research suggestions by manually scanning and coding 
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relevant paragraphs of the full text publications using Atlas.ti software. To ensure 

not only breadth, but also depth of future research opportunities, the discussion 

about future research avenues was enriched with additional literature.  

 

2.3. Results 

 

2.3.1 Co-citation analysis results 

 

The results of co-citation analysis are illustrated in Figure 2.1. The 

visualised bibliometric network represents four interconnected clusters with unique 

labels that are based on the cited references from the initial dataset of 435 

publications. The original dataset consisting of 435 articles published in the period 

of 2011 – 2016 refers to 14705 references that are standardised to the same format 

for further analysis. However, in the co-citation analysis, we include publications 

with at least 10 citations to ensure an analysis of an essential literature, avoiding the 

potential risk of overly complicating the interpretation (Kovács et al. 2015). This 

restriction leads to 245 references meeting the threshold. In accordance with the 

goal to examine the evolution of the U-I research field and the corpus of references 

used for co-citation analysis, we also include the cited literature published before 

2011.  

 
Figure 2.1. A visualised bibliometric network of clustered articles included in the dataset, 

using co-citation analysis technique 



 

39 

 

Each scientific publication depicted in the visualised bibliometric network 

represents a unique cited reference that is clustered based on the likelihood to be 

cited in combination with other items. Items that are assigned to the same cluster 

share a higher probability to be cited together by another publication. Colours 

indicate the clusters and articles belonging to them. Moreover, a specific weight is 

assigned to each item based on a total link strength of the publication and the 

number of citations it has received. For a better overview, publications with higher 

total link strength are visualised in a larger size (van Eck and Waltman 2010). 

Based on the  results of the co-citation analysis, we retrieved the 

information necessary to conduct an additional examination of the journals 

interested in publishing U-I research and the keywords associated with the analysed 

publications. The results show that the three leading peer-reviewed journals (Figure 

2.2) that published the highest number of contributions to the U-I literature (period 

of 2011-2016) are Research Policy (95 publications), followed by the Journal of 

Technology Transfer (16 publications) and Management Science (9 publications). 

Moreover, we measured the term frequency of keywords assigned to the journals to 

examine the most important keywords in the cited references of the initial U-I 

literature dataset (Figure 2.3).  

 
Figure 2.2. Overview of the most popular journals, based on the number of scientific publications, 

using the co-citation analysis technique. 
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Figure 2.3. Overview of the most frequent keywords assigned to the articles, using the co-citation 
analysis technique. 

 

Based on the visualisation of similarities (VOS) approach and the co-

citation analysis technique, the current body of U-I research was divided into 4 

thematic clusters and labelled based on the authors’ independent content analysis. 

In addition, it needs to be acknowledged that - while the authors’ attempted to 

define clusters in a manner that would reflect the entire scope of the U-I literature 

- the foci of the articles included in the analyses are of a broad variety; therefore, 

certain elements cannot be fully elaborated on. 

 

2.3.1.1 Cluster 1: Distance & Partner Complementarity perspective  

 

Research belonging to this cluster is focused on understanding the impact 

of U-I partner distance and partner complementarity on their potential to foster 

innovation and regional economic development by means of joint scientific and 

technological advancements. Specifically, this cluster explores the role of partner 

capabilities critical to efficiently acquire, assimilate, transform and effectively exploit 

knowledge and resources shared and generated within U-I and other R&D 
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collaborations (Cohen and Levinthal 1989; Zahra and George 2002). A pivotal 

factor determining the likelihood to successfully exploit and translate the partner 

complementary potential into innovative products, services or processes is the level 

of absorptive capacity possessed by the actors (Cohen and Levinthal 1990; Tether 

and Tajar 2008). Prior research has devoted major resources to understanding the 

dimensions of absorptive capacity and the dynamics of research cooperation among 

diverse research partners (Santoro and Chakrabarti 2002). Additionally, this cluster 

explores the role of partner proximity for innovation outcomes (Jaffe 1989; Jaffe et 

al. 1993; Salter and Martin 2001). For example,  seminal work focused on 

geographical closeness between the partners and regional knowledge spillovers as a 

determinant of patent citations and innovation performance (Jaffe et al. 1993; 

Anselin et al. 1997). Further research examined additional types of partner 

proximity, such as partner cognitive distance, and related concepts, such as social 

capital and networking capabilities (Tether and Tajar 2008; Ponds et al. 2010). Thus, 

this cluster assembles the articles that investigate the relationship between partner 

(a) distance and degree of complementarity and (b) their capability to increase the 

quality of interactions, patent generation and regional economic development. 

Research articles also extend to other directions, for example, providing a critical 

outlook on the time lag between research activities and 

industrialisation/commercialisation of joint technological advancements (Fleming 

and Sorenson 2004; Mansfield 1991).  

 

2.3.1.2 Cluster 2: Academic Entrepreneurship perspective  

 

This cluster centres on the analysis of university evolution from 

traditionally research- and education-oriented institutions towards the development 

of a multi-faceted system of academic entrepreneurship. Following the Bayh-Dole 

Act, academic entrepreneurship has received increasing attention from scholars and 

practitioners (Mowery et al. 2001). Correspondingly, research that belongs to this 

cluster is focused on understanding how, and with what effects  opportunities to 

engage in academic entrepreneurship are discovered, evaluated and exploited, and 

by whom. The first sub-stream of this cluster addresses the role of characteristics 

of individual researchers and their universities for engaging in entrepreneurial 

activities, such as quality and size of the faculty, previous experiences, commercial 

and research orientation, and funding and commercial capabilities of the researchers 

and their universities (Mansfield 1995; Etzkowitz 2003; O’Shea et al. 2005; 

Bercovitz and Feldman 2008). A related topic of this sub-stream investigates 
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incentives and barriers affecting the engagement of researchers and universities in 

entrepreneurial activities (Siegel et al. 2003).  

The second sub-stream addresses the role of technology transfer office 

(TTO) as a mechanism to successfully commercialise research results, and their 

related role in interaction channels as a facilitator of knowledge and technology 

transfer between the U-I collaboration partners (Bozeman 2000; Thursby and 

Thursby 2002). Moreover, research articles of this cluster explored which 

combinations of these factors and mechanisms ensure an increase of the academic 

entrepreneurship output by means of academic spin-offs, patents and other types 

of research licensing (Lockett and Wright 2005; Zucker and Darby 1996). Finally, 

institutional and policy settings also have been considered as relevant contingencies 

within academic entrepreneurship  (Di Gregorio and Shane 2003; Van Looy et al. 

2004; Debackere and Veugelers 2005). 

 

2.3.1.3 Cluster 3: Ecosystem perspective  

 

With the increasing recognition of U-I collaborations as a catalyst for 

regional and national economic development, the interaction between university, 

industry and government has attracted notable interest in research (Park et al. 2005). 

This cluster addresses the roles of the actors embedded in this ecosystem and the 

sub-dynamics of economic exchange, scientific and technological innovation, and 

institutional control within the Triple Helix model (Leydesdorff and Fritsch 2006). 

Within the ecosystem perspective, by developing contractual agreements with 

industry partners to conduct research in particular areas and exploit the economic 

potential, university representatives exercise some of the functions of research 

administrators in private business (Etzkowitz 1984). In turn, in certain 

circumstances, the government acts as a public entrepreneur and venture capitalist 

in addition to its traditional regulatory activities; therefore, the research in this 

cluster is focused on understanding the hybridisation and interconnections among 

the Triple Helix actors, as well as the knowledge producers and users (Etzkowitz 

2003). Additionally, publications in this cluster analyse the evolution of the 

university as a facilitator of knowledge production that follows government-

supported initiatives designed together with industry to facilitate the development 

of an ecosystem for new firm formation and regional growth (Etzkowitz and 

Leydesdorff 2000; Etzkowitz and Klofsten 2005). Similarly, this cluster addresses 

the regional and national policy developments supporting the U-I interactions. An 

important issue remains regarding understanding differences in Triple Helix 
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configurations across different sectors (e.g., mid-tech and high-tech) and in 

different regions with diverse institutional characteristics (Lengyel and Leydesdorff 

2011; Leydesdorff and Fritsch 2006; Leydesdorff and Sun 2009).  

 

2.3.1.4 Cluster 4: Interaction Channels perspective  

 

Research belonging to this cluster focuses on the variety of interaction 

channels between the involved parties of U-I partnerships and the associated 

determinants. The central element of this cluster is the identification and 

characterisation of distinct interaction channels and knowledge transfer 

mechanisms, ranging from scientific publications and published reports, public 

conferences and meetings, licencing and patenting and to contract research and 

consultancy (Cohen et al. 2002; Wright et al. 2008). In addition to identifying types 

of interaction channels and knowledge transfer mechanisms, research belonging to 

this cluster provides an in-depth analysis of the incentives and the associated 

determinants regarding the choice towards a specific channel (Geuna and Muscio 

2009). Bekkers and Freitas (2008) suggest that the characteristics of the transferred 

knowledge, the characteristics of researchers involved, and the environment in 

which knowledge is produced and exploited determine the selection of a specific 

interaction channel. Subsequently, a related sub-stream examines the outcomes 

associated with the implementation of distinct interaction channels, such as the 

interaction quality and the associated risks and benefits within U-I partnerships 

(Arza 2010; Dutrénit et al. 2010). Nevertheless, it remains an important challenge  

to nuance the effects of distinct interaction channels by considering short versus 

long-term goals, as well as acknowledge the role of the context by exploring 

outcomes across different sectors and collaborative projects with varying intensity 

of interaction (Schartinger et al. 2002). An interesting sub-stream of research 

explores alternative forms of interaction channels by means of attracting talent to 

the local economy and collaborating with local industry by offering formal and 

informal technical support (Bramwell and Wolfe 2008). Finally, a less investigated 

but promising research direction addresses the antecedents and consequences of 

collaborative portfolio management in terms of the scope of activities and the types 

of firms with which they interact (Wright et al. 2008). 

Additionally, we summarised the key statistical details of the identified 

clusters (Table 2.1.). The statistical comparison indicates different evolution 

patterns of the identified thematic clusters and their relative importance for 

researchers. While the Distance and Partner Complementarity perspective (Cluster 
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1) holds the most dominant position in terms of the total number of publications 

and the number of citations, other clusters have varied impacts. The Academic 

Entrepreneurship perspective (Cluster 2) has a similar number of publications to 

the Distance and Partner Complementarity perspective; nevertheless, the total and 

average numbers of citations indicate that it covers a smaller number of seminal 

works that would shape the U-I research field. However, compared to the 

Ecosystem (Cluster 3) and the Interaction Channels clusters (Cluster 4), the 

Academic Entrepreneurship perspective (Cluster 2) appears to possess a slightly 

higher impact, as it is also the second most recent cluster (13.81 years avg. 

existence). Simultaneously, the Interactive Channels perspective (Cluster 4) is the 

youngest cluster in terms of existence in years of publications, on average (9.91), 

suggesting a notable development of the interaction channels research in the past 

decade. Both the research on Distance and Partner Complementarity (Cluster 1) 

and Ecosystem perspectives (Cluster 3) share a long history of evolution, 

significantly shaping the U-I research development patterns and providing a solid 

foundation for current and future advancements. 

 
 
Table 2.1. Key statistical indicators of the clustered publications, based on the co-citation 
analysis technique. 

  

Number of 
Publications 

Total 
citations 

per cluster 

Average 
citations 

per 
publication 

Average 
existence of 
publications 
 (in years) 

3 most cited articles, 
(citations) 

C1: Distance & 
Partner 
Complementarity 
perspective 

92 72883 792.21 17.36 

 
Eisenhardt (1989);  

10490 
Cohen & Levintahl (1990);  

9399 
Granovetter (1985);  

8174  

C2: Academic 
Entrepreneurship 
perspective 

84 11359 135.23 13.81 

Mowery et al. (2001);  
452 

Siegel et al. (2003);  
452 

Henderson et al. (1998); 
440  

C3: Ecosystem 
perspective 

36 2973 82.58 19.81 

Etzkowitz & Leydesdorff 
(2000);  
1324 

Etzkowitz et al. (2000); 535 
Etzkowitz (2003);  

245 

C4: Interaction 
Channels 
perspective 

33 3539 107.24 9.91 

Cohen et al. (2002); 
 685 

Klevorick et al. (1995);  
436 

D'Este & Patel (2007);  
330 
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2.3.2 Bibliographic coupling results 

 

The results of bibliographic coupling that outline the current research 

perspectives in the U-I research field are illustrated in Figure 2.4. Similar 

methodological steps are applied to the interpretation of bibliographic coupling 

results. Nevertheless, the implemented differences should be clearly outlined. We 

apply no restrictions concerning the number of citations to grasp the entire dataset 

with research articles published from 2011 – 2016. As noted previously, this choice 

has been made to complement the previous research and develop new insights 

based on previous reviews. From a total sample of 435 articles included in the 

analysis, 402 articles were clustered and included in the illustrated bibliographic 

network. Excluded articles represent a sample of publications with no shared 

references with other articles in the dataset and therefore cannot be connected. In 

addition, two clusters were composed of 3 and 2 articles, respectively; due to the 

low applicability, these were excluded from further analysis. Thus, the final sample 

of analysis consists of 397 clustered articles.  

 

 
Figure 2.4. A visualised bibliometric network of clustered articles included in the dataset, using 

bibliographic coupling technique. 
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Based also on the bibliographic coupling results, we retrieved the 

corresponding information enabling an analysis of the journals publishing the 

relevant literature and the keywords that are assigned to these publications. Figure 

2.5 represents the journals publishing most research on U-I collaborations, based 

on the number of scientific publications per journal in the period of 2011 to 2016. 

The three leading journals are Research Policy (42 publications), followed by Journal 

of Technology Transfer (39 publications) and Scientometrics (32 publications). A 

term frequency analysis was performed revealing the most occurring keywords 

assigned to the publications (Figure 2.6). 

 

 
Figure 2.5. Overview of the most popular journals, based on the number of scientific publications, 

using the bibliographic coupling technique. 
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Figure 2.6. Overview of the most frequent keywords assigned to the articles, using the bibliographic 
coupling technique. 
 

Applying the visualisation of similarities (VOS) approach and the 

bibliographic coupling technique, the existing research was divided into six thematic 

clusters and labelled based on the authors’ independent content analysis.  

 

2.3.2.1 Cluster 1: Ecosystem perspective  

 

A central tenet of this cluster is the interplay between university, industry 

and government (i.e., Triple Helix). Largely, articles focus on explaining the impact 

of these three elements on joint collaborative activities on regional and national 

levels, including the economic and societal impact, as well as on innovation 

outcomes.  In addition, articles belonging to this cluster also examine the dynamics 

of Triple Helix infrastructure (Kwon et al. 2012; Lei et al. 2012). In the context of 

U-I collaborations, the Ecosystem perspective addresses the university policy 

developments stimulating entrepreneurship-based economic development 

promoted by regional authorities (Astebro et al. 2012). In accordance with this 

research thread, several articles focus on understanding the exploitation possibilities 

of the co-generated knowledge to bootstrap the technology of regional innovation 
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systems (Leydesdorff and Deakin 2011). Furthermore, previous research addressed 

the need to develop new performance indicators to estimate the impact of U-I 

collaborations on the regional level, also considering the development of the e-

government domain (Khan and Park 2013; Meyer et al. 2014).  

 

2.3.2.2 Cluster 2: Social Relations perspective  

 

The largest cluster in terms of included articles focuses on the social aspect 

of U-I collaborations and knowledge transfer. The Social Relations perspective 

cluster corresponds to the social component of the Interaction Channels cluster (as 

part of co-citation analysis results), focusing on the effectiveness of interaction and 

communication among the partners. Here, articles centre around factors that 

facilitate and optimise sustainable relationships between actors, incentives for 

collaboration, and networking activities that foster reliable knowledge and 

technology transfer. In fact, research focuses not only on determining the relational 

success factors (e.g., communication, trust, understanding individuals) but also on 

the necessity to leverage the technical and networking competences (Comacchio et 

al. 2012; Plewa et al. 2013). Correspondingly, research addresses the importance of 

developing an understanding of differences in these relational success factors across 

various cognitive, normative and regulative contexts (Hemmert et al. 2014). 

Similarly, the motives of the collaboration (e.g., more technical or more scientific) 

need to be considered in the process of researching into relational aspects of U-I 

collaborations (Soh and Subramanian 2014). Therefore, a key focus of this research 

direction is targeted to identify the best practices of U-I collaboration management 

(Morandi 2013).  

 

2.3.2.3 Cluster 3: Academic Entrepreneurship perspective  

 

This cluster largely is composed of articles capturing the interface of 

knowledge and technology transfer by means of academic spin-offs and patents. 

Here, research focuses on characteristics of entrepreneurial universities and their 

motivations stimulating academics to engage in inter-organisational R&D projects. 

On a broader level, the Academic Entrepreneurship perspective analyses the 

interplay of different actors embedded in the academic entrepreneurship ecosystem 

and the associated outcomes. Consequently, this cluster investigates different types 

of interaction channels, including the human capital movement, for knowledge and 

technology transfer and the associated outcomes at the regional level (Perkmann et 
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al. 2013; Teixeira and Mota 2012). Additionally, understanding the antecedents and 

consequences of academic entrepreneurship continues to attract research interest. 

A prime example of research belonging to this cluster is conducted by D’Este and 

Perkmann (2011), examining the channels of knowledge transfer based on the 

research-related or commercialisation motives of scientists. Similarly, the academic 

entrepreneurship research is focused on evaluating the effects of extrinsic and 

intrinsic incentives for engaging in U-I collaborations taking account of the 

researchers’ social context (Lam 2011; Tartari et al. 2014). A related stream of 

literature comprising this cluster addresses the characteristics of the entrepreneurial 

universities and factors that foster and hinder entrepreneurial activities of academic 

institutions (Maietta 2015).  

 

2.3.2.4 Cluster 4: Distance perspective  

 

This cluster focuses on understanding the structure of U-I collaborations. 

Articles explore the impact of spatial, social, institutional and cognitive proximities 

on the development and innovation performance of U-I collaborations, comparing 

both regional and (inter)national levels. A major part of this research direction 

analyses the impact of spatial proximity not only on the decisions to choose certain 

partners for collaborative R&D activities but also on the new firm location choices 

in a proximity of related academic institutions (Abramo et al. 2011). In accordance 

with this research stream, the impact of spatial proximity on the innovation and 

technology creation, as well as the regional developments, is a prime focus area 

(D’Este et al. 2013). However, the empirical studies of partner proximity studies 

report mixed results, which can be attributed to the interlinkages between different 

types of partner proximities, in addition to other partner technological and relation 

attributes (Muscio and Pozzali 2013; Petruzzelli 2011). Therefore, partner proximity 

is a multi-faceted cluster exploring the interplay of partner proximities in 

conjunction with the partner absorptive capacity and exploitative/explorative 

capabilities (Bishop et al. 2011). 

 

2.3.2.5 Cluster 5: Interaction Process & Knowledge Transfer perspective  

 

This cluster takes a dynamic view of U-I collaborations, identifying and 

exploring success factors and barriers of the collaboration process, both from 

academic and industrial perspectives. Specifically, the Interaction Process and 

Knowledge Transfer perspective explores different types of U-I interaction 
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channels and their effectiveness in terms of achieving short-term or long-term goals 

(De Fuentes and Dutrenit 2012). Correspondingly, organisational and cultural 

barriers that may impede the interaction process are presented in different 

configurations (Gilsing et al. 2011; Kyoung-Joo 2011). The U-I interactions and 

associated outcomes in the form of knowledge transfer are explored from a dynamic 

viewpoint, resulting in options to manage and mechanisms to adjust the 

interactions, ranging from the early cut-off interactions to sustained interactions 

(Treibich et al. 2013). For example, the study of effective governance modes of U-

I collaborations garnered interest from scholars by examining different levels of 

university involvement in relations between firms and individual academics, also 

considering the mediating role of university administrative structures (Bodas Freitas 

et al 2013; Torres et al. 2011). The Interaction Process and Knowledge Transfer 

perspective also addresses the scope of different interaction channels and the extent 

to which universities engage in different channels by introducing the concepts of 

collaboration breadth and depth, respectively (Wang et al. 2015). This outlook 

allows to make interconnections with other perspectives, and analyse the 

effectiveness of different interaction channels and the type of knowledge shared 

mediated by the degree of partner absorptive capacity or proximity (De Fuentes and 

Dutrenit 2016).  

 

2.3.2.6 Cluster 6: Policy Implications perspective (on university engagement)  

 

Articles in this cluster analyse the management of U-I collaborations within 

different institutional settings and the effects of such collaborations on the regional 

development. This cluster is inter-linked with the Ecosystem cluster (as a part of both 

co-citation analysis and bibliographic coupling) with a higher focus on regional policy 

developments as a potential catalyst or barrier for collaborative activities. Thus, this 

cluster is focused on understanding the logics of policy developments and 

normative changes on different levels (i.e., faculty, university, regional, and national) 

in the context of U-I collaborations, acknowledging the heterogeneity of U-I 

collaboration actors (Link 2015). Next to that, tracking changes in the institutional 

context and regional policy developments to sustain the innovation levels are central 

facets of this cluster (Etzkowitz 2011; Berman 2012; Robin and Schubert 2013). In 

the course of focusing on the university level, research suggests that the designing 

of policies driven not only by monetary but also by a broader range of incentives, 

such as reputational and intrinsic motives support the engagement in research 

commercialisation activities (D’Este and Perkmann 2011; Lam 2011). In turn, when 
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it comes to the regional level, the scope and potential societal and economic impact 

of U-I interactions is increasingly assessed, and the corresponding policy 

developments need to be considered (Mathies and Slaughter 2013; Shah and Pahnke 

2014). Related sub-streams of this cluster address the effectiveness of legal 

appropriation instruments regarding the scientific outputs of universities (Simeth 

and Raffo 2013) and the development of specific, locally adjusted strategies, 

considering the aggregated regional and national resources (Svensson et al. 2012). 

The results of bibliographic coupling suggest a dynamic evolution of 

different perspectives. Two clusters with the highest number of publications 

(Cluster 1 and 2) received less citations on average from the academic community 

than the next two clusters on the list (Cluster 3 and 4) and, more interestingly, than 

the Policy Implications cluster (Cluster 6), which holds the highest number of 

average citations per article and the lowest number of publications per cluster. While 

this finding continues to indicate a high popularity and importance of the 

Ecosystem perspective (Cluster 1) and the Social Relations perspective (Cluster 2) 

in the research in the past years, more notable development could be attributed to 

the previously noted Policy Implications perspective (Cluster 6), as well as to the 

Academic Entrepreneurship perspective (Cluster 3) and Distance perspective 

(Cluster 4). This finding is intriguing in relation to the results of co-citation analysis. 

While the Distance perspective (Cluster 4) and the role of partner proximity 

remained leading in terms of citations, it is not the most researched theme in the 

past 6 years, compared to other perspectives. This finding is different from the 

results of co-citation analysis, where the Distance perspective had the highest 

number of publications and received citations. Certain changes are related to the 

Academic Entrepreneurship perspective (Cluster 3). This theme remained well-

researched among the U-I academics; however, this research direction shows an 

increased importance in terms of received citations, based on bibliographic coupling 

results.  

In comparison, in the case of co-citation analysis, Academic 

Entrepreneurship was not the leading perspective. Additionally, the fact that the 

Policy Implications perspective (Cluster 6) has the highest number of citations on 

average per article indicates the relevance of this research stream. This cluster is 

represented by a variety of seminal works, highlighting a broad scope of the policy 

developments on different levels of U-I interactions. Overall, the results show a 

dynamic evolution of the research field and a development of interconnections 

among the research directions. This finding, in turn, emphasises the need to identify 
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future research avenues in relation to the latest developments in the U-I literature 

(Table 2.2). 

 

Table 2.2. Key statistical indicators of the clustered publications, based on the bibliographic 
coupling technique. 

  

Number of 
Publications 

Total 
citations 

per cluster 

Average 
citations per 
publication 

Average 
existence of 
publications 
 (in years) 

3 most cited articles (citations) 

 
C1: Ecosystem 
perspective 
 
 

96 662 6.90 3.21 

Lombardi et al. (2012);  
63 

Leydesdorff & Deakin (2011); 
49  

Leydesdorff & Rafols (2011);  
38 

C2: Social 
Relations 
perspective 
 
 

93 453 4.87 2.96 

Holmes (2013);  
30 

Ankrah et al. (2013); 
 28 

Gertner, Roberts & Charles 
(2011);  

25 

C3: Academic 
Entrepreneurship 
perspective 
 
 

74 727 9.82 3.14 

Grimaldi et al. (2011);  
116 

Van Looy et al. (2011);  
60 

Perkmann, King & Pavelin 
(2011);  

53 

C4: Distance 
perspective 
 
 

64 556 8.69 2.77 

Laursen, Reichstein & Salter 
(2011);  

86 
Petruzzelli (2011);  

75 
Bishop, D'Este & Neely (2011); 

52 
C5: Interaction 
Process & 
Knowledge 
Transfer 
perspective 
 
 
 

38 161 4.24 2.87 

Gilsing et al. (2011);  
29 

De Fuentes & Dutrenit (2012); 
27 

Freitas, Geuna & Rossi (2013); 
24 

C6: Policy 
Implications 
perspective (on 
university 
engagement) 

32 402 12.56 4.19 

D'Este & Perkmann (2011);  
119 

Lam (2011);  
70 

Perkmann, Neely, Walsh (2011); 
43 

 

 

 



 

53 

 

2.4. Discussion and future research agenda 

 

This review presents the immense contribution that the analysis of U-I 

collaborations makes to various research streams. However, a mounting interest in 

this topic requires a consolidation with new theoretical and empirical insights. 

Specifically, the results of our bibliographic coupling and co-citation analysis of the 

U-I literature suggest several axes of development that could help augment the 

contributions of U-I research. The presented findings and future research avenues 

are of critical importance to the parties involved in the U-I collaborations, including 

researchers and policy makers. 

The U-I collaboration literature has expanded in the past two decades, 

recognising a tremendous potential to facilitate economic and societal development 

on regional and national levels by means of joint innovative developments and high-

tech spin-offs. At the same time, researchers indicated that the complexity of these 

collaborations is not well understood (D’Este and Patel 2007; Petruzzelli 2011). The 

main perspectives that provide a foundation for the U-I literature are illustrated in 

Figure 2.7. Based on the co-citation analysis, we identified four thematic clusters 

centred around Distance & Partner Complementarity (Cluster 1), Academic 

Entrepreneurship (Cluster 2), Ecosystem (Cluster 3) and Interaction Channels 

(Cluster 4) dimensions of U-I collaborations. While sharing a similar development 

pattern, these dimensions were diversified and redesigned in the past six years, 

therefore presenting a challenge to understand the scope of current research areas, 

and particularly the future research advancements.  
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Figure 2.7. Overview of the evolution of 4 thematic clusters per year, representing the number of 

articles, based on the references of the initial dataset, using co-citation analysis technique. 

 

We tracked the evolution of the U-I literature and examined a 

transformation of the current research dimensions in the field, using the 

bibliographic coupling technique. As indicated in Figure 2.8, the Ecosystem (Cluster 

1) and Social Relations perspectives (Cluster 2) share an upward development in the 

period over the past six years, while levelling off recently and maintaining a position 

of crucial research areas. The Interaction Process and the Knowledge Transfer 

perspective (Cluster 5) shows an increase of research articles in the last couple of 

years, highlighting a broad variety of factors determining the efficiency of the 

interaction process and relations to other perspectives. The Policy Implications 

perspective (Cluster 6) remained relatively stable without major peaks, suggesting 

that policy implications are not entirely explored and could be optimised. The most 

prominent avenues for future research are related to the Academic 

Entrepreneurship (Cluster 3) and Distance perspective (Cluster 4). These research 

domains were studied in the past years; however, researchers identified new sub-

streams that also present stimuli for future studies. 
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Figure 2.8.  Overview of the evolution of 6 thematic clusters per year, representing the number of 

articles published each year from the period of 2011 to 2016, using bibliographic coupling technique. 

 

The results of the quantitative bibliometric analysis of the U-I literature 

indicate that the clusters share a notable portion of inter-linkages among the main 

elements of U-I collaborations, suggesting a multi-layered nature of the U-I research 

field. Specifically, the results of the co-citation analysis and bibliographic coupling 

indicate that it is possible to synthesise the U-I research field into three 

interconnected levels that form the primary future research directions, based on the 

identified clusters: individual level (corresponding to the Social Relations perspective, 

Academic Entrepreneurship perspective (i.e., young graduates and academic staff 

level) and Interaction Process & Knowledge Transfer among individuals); 

organisational level (Distance perspective, Academic Entrepreneurship perspective 

(i.e., university level) and organisational Interaction Process and Knowledge 

Transfer); institutional level (Ecosystem perspective and Policy Implications 
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perspective). The three interconnected levels address a variety of stakeholders, such 

as researchers, universities, firms, TTCs (Technology Transfer Centres), 

governments, and ecosystems. However, even though the literature acknowledges 

the diversity of stakeholders, most of the studies pronounce the university 

perspective rather than the industry perspective on U-I collaborations. 

 

2.4.1 The individual in university-industry collaborations 

 

On the individual level, with regard to the Social Relations perspective, U-I 

scholars recognise the importance of the relationships between the individuals 

involved in the collaborative U-I activities. While the recent research endeavours 

must be applauded, there is still a long way to go on the question of what individual-

level characteristics and motives should be possessed by academics and industrial 

partners to successfully collaborate, and particularly to manage the relationships 

over time to achieve strong outcomes (Filippetti and Savona 2017; Maietta 2015).  

Given that the characteristics and motives of academics and industrial partners 

differ when it comes to U-I collaborations, in addition to within-group variations 

(Link 2015), it is likely that the mechanisms for governing U-I relationships are 

highly varied in nature. In particular, future studies are recommended to investigate 

which types of governance mechanisms are effective depending on partners’ 

motives and characteristics. For example, firms investing in university research 

projects may be interested in an alignment of goals as well as commitment between 

the collaboration partners (Mora-Valentin et al. 2004). A successful alliance needs 

goal-oriented management (Kale and Singh 2009), so that from the firm perspective 

it may be beneficial to apply control mechanisms.  

However, as researchers tend to have a high need for autonomy in setting 

research directions and managing their research in U-I projects (Zalewska-Kurek et 

al. 2016), a balance between control-based and more open or heterarchical 

governance may need to be negotiated to fit the expectations and needs of both 

partners. With regard to the partners’ characteristics, for firm partners managing a 

portfolio of relationships, weak ties/ loosely coupled relations may be the preferred 

mechanism to create spaces of dynamism and thereby generating profits from the 

engagement in a variety of U-I collaborations. Weak ties are characterised by low 

interaction frequency and can enable access to new, non-redundant knowledge 

(Granovetter 1973). However, stronger ties might want to be established on behalf 

of the firm partner when interacting with a specific star scientist or a group of 

scientists who significantly contribute to the firm’s knowledge base.  
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In turn, academics – due to their dual, complex nature of employment as 

researchers at universities and as self-employed within U-I collaborations – may 

want to build strong ties characterised by high interaction frequency, and social 

proximity to create spaces of stability. In addition, stronger ties between the U-I 

collaboration partners might be more effective for generating substantial 

knowledge-related benefits, while weaker ties could be more suitable in service-

provision partnerships for generating financial benefits on the part of research 

organisations (Arza and Carattoli, 2017). It would be intriguing to analyse which 

type of social capital comes to the fore in U-I collaborations, why, and with what 

effects.  

Moreover, the governance mechanisms may vary according to the stage of 

the cooperation. While there initially may be a strong focus on formal governance 

mechanisms to reduce uncertainty within the collaboration, some partners may put 

more emphasis on informal mechanisms such as trust as the U-I collaboration 

gradually develops – which might explain why some U-I collaborations are more or 

less successful than others. This is because in joint R&D, neither the goals nor the 

contributions of the partners can be defined completely ex ante and thus 

hierarchical tools of control and sanction (e.g., Adler 2001; Williamson 1991) fail to 

coordinate innovative cooperative behavior over time (Hatak, Fink and Frank, 

2015). Here, we encourage researchers to extend current research by engaging in 

cross-stage studies.  

Additionally, we must acknowledge that the U-I relationships are shaped 

by institutional environments in which the academics and the industry partners are 

embedded, thus affecting the (expected) outcomes from joint R&D activities 

(Frasquet et al. 2012; Hemmert et al. 2014; Morandi 2013). Thus, it is necessary to 

consider the institutional context as a moderator in the relationship between 

governance mechanisms and outcomes of U-I collaborations. Moreover, future 

studies could focus on optimising the management of a portfolio of incentives and 

initiatives that foster U-I linkages during different evolutionary stages of 

partnerships (Ankrah et al. 2013; Plewa et al. 2013). Correspondingly, there is a need 

to investigate which incentives not only enhance both researchers and industry 

partners’ willingness to engage in U-I partnerships, but also foster the development 

of long-lasting strategic alliances. Understanding the mechanisms enabling to 

maintain long-term U-I relations would improve the viability of the knowledge 

transfer, forming the basis for further R&D projects with reduced barriers. 

According to Bienkowska and Klofsten (2012), fostering the development of 

relationships among the partners could be achieved by promoting 
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commercialisation of research results (CRR) skills and providing new opportunities 

for PhD candidates through courses, graduate schools and interactive research 

designs. At the same time the question remains of how U-I collaboration can be 

made attractive for partners from the industry by incentives other than funding 

schemes. 

Research focusing on Academic Entrepreneurship explores the characteristics 

and motives of the academic entrepreneur, the entrepreneurial university, and the 

context in which the actors of academic entrepreneurship are embedded, and their 

effects on spin-off success. The central element connecting these layers of academic 

entrepreneurship is the entrepreneur (Perkmann et al. 2013; Tartari and Breschi 

2012). The increasing resources devoted to understanding the behavioural 

outcomes associated with entrepreneurs’ identity in general calls for U-I research 

that identifies different types of identities among academic entrepreneurs in 

particular. This is an interesting avenue as academics need to integrate their 

academic self-concept and their entrepreneurial self-concept, resulting in either 

hybrid identities or pure identities, which, in turn, offer  explanations of the 

commercial behaviour of academics (Abreu and Grinevich 2017). In this regard, it 

is important to explore the intrinsic and extrinsic motivations driving 

entrepreneurial behaviour of academics, such as time spent and duration of 

engagement capturing behavioural intensity and persistence (Lam 2011). To analyse 

behavioural intensity and persistence, one might use experience sampling 

methodology (Uy et al. 2010). As shown by research on the motivations of 

academics to start a spin-off, their motives differ (Fini, Grimaldi, Sobrero 2009; 

Hayter et al. 2016; Rizzo 2015) so that their identities can also be expected to be 

heterogeneous (Clarysse et al. 2011).  

Another interesting research avenue that we propose would be to examine 

the university spin-offs’ (USOs) failures and the associated failure factors on the 

level of the individual actors. While academic entrepreneurship has a long tradition 

of examining success factors, it might actually be the focus on failure factors that 

has the potential to provide counterintuitive and therefore relevant new insights.  

Furthermore, a relatively new stream of literature points to the impact of students, 

recent graduates and young academics on regional innovative development. 

Identifying the factors and conditions that stimulate these actors to increasingly 

engage in the commercialisation activities of their research and understanding the 

scope of this ecosystem would be of significant value (Laursen et al. 2011; Astebro 

et al. 2013; Wright et al. 2017). Such studies might provide answers to questions 

that have been only partially addressed: What are the characteristics of the graduates 



 

59 

 

that start companies (e.g. Larsson et al. 2017)? Under what conditions do they start 

their companies? Furthermore, what types of entrepreneurship education (e.g., 

regular courses, bootcamps, start-up weekends, teaching methods directed towards 

creating an entrepreneurial mind-set, attitude and orientation) actually increase 

students’ and recent graduates’ entrepreneurial preferences and their subsequent 

translation into start-up actions? For example, is the lean start-up methodology 

more effective the traditional business methodology? Experimental studies might 

enable researchers to disentangle the various influences of entrepreneurship 

education at the different sub-stages of the entrepreneurial process, such as the 

development of intentions, start-up actions and young venture development. In 

addition, exploring the effects of start-up activity by recent university graduates, 

PhDs and post-docs on the human capital movement in the region and the R&D 

performance of the region, respectively, are crucial research dimensions (Laursen et 

al. 2011). Recently, an excellent outlook on future academic entrepreneurship 

research has been drawn by Siegel and Wright (2015), to which we refer the 

interested reader. The authors discuss in more detail some of the abovementioned 

avenues, among others.  

 

2.4.2 The organisation in university-industry collaborations 

 

On the organisational level, with regard to the Academic Entrepreneurship 

perspective, the U-I literature can be consolidated into the analysis of the 

characteristics of universities engaging in joint research activities, characteristics of 

firms seeking to collaborate with academic partners and the characteristics of the 

collaboration process itself. There are studies indicating why firms and universities 

engage in joint projects, but research on the determinants of private and public gains 

of university involvement in research partnerships with industrial partners is still at 

a nascent stage (Link 2015). In this regard, much research attention needs to be 

devoted to the heterogeneity of U-I partners. It is likely that the antecedents and 

consequences of academic entrepreneurship differ when taking account of, for 

example, the firm size, age, and competitive strategy of the industrial partner, and 

the size, age/ranking, type of university. On a related note, research on the impact 

of a specific department’s excellence regardless of the university ranking on 

decisions to engage in partnerships on regional, national or international levels 

could yield interesting findings (Laursen et al. 2011).  

Furthermore, while there have been calls for research on firms’ strategies 

when searching for and selecting academics as collaboration partners (see e.g., 
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Perkmann and Walsh (2007), the industry’s criteria driving the choice of a specific 

academic partner for a collaborative research project remains an underexplored 

topic (Link 2015). Special attention needs to be devoted to the strategic and cultural 

fit between university and industry partners for understanding the successful 

organisation and management of their collaborative projects. Finally, new success 

factors of university entrepreneurship projects should be examined in the future 

studies, which could be achieved by the systematic evaluation of failed projects and 

collaborations, and particularly the factors of failure at different stages of project 

life-cycle (Bozeman et al. 2013; Guzzini and Iacobucci 2017).  

While the Distance perspective offers an increasing understanding of the 

outcomes of partner spatial, cognitive, organisational, social and institutional 

proximities, the multi-dimensionality and broad scope of this perspective suggest 

further research opportunities (Crescenzi et al. 2017; D’Este et al. 2013). The 

academic understanding of U-I partnership’s evolvement and outcomes may benefit 

from exploring the interplay of different types of proximities and associated 

dynamics (Muscio and Pozzali 2013; Presutti et al. 2017). Here, future studies could 

further examine whether and how a specific type of proximity can foster the 

development of other proximity types – for example, spatial proximity may lead to 

social proximity – as well as whether one type of proximity may replace another 

depending on the context in which the U-I collaboration is embedded (Crescenzi 

et al. 2017).  

However, as the capturing of direct and particularly indirect effects of 

partner proximity remains challenging, researchers are encouraged to develop 

alternative outcome indicators to reliably estimate the effects of partner proximity 

in the context of joint R&D activities (D’Este et al. 2013; Fukugawa 2013). 

Moreover, our review points to the benefits of focusing the Distance perspective 

research on partner centrality and closeness. For instance, what is the role of central 

partners within the network regarding the joint project success (von Raesfeld et al. 

2012)? Specifically, future research could examine how central partner presence in 

collaborative projects affects the capability to generate innovative outcomes, 

potentially through the optimisation of accessible knowledge and technology inputs 

(Qi Dong et al. 2017). In this regard, the role of other factors complementing or 

mediating the impact of partner proximity is an interesting area for future studies. 

For example, the availability of research resources, the partner technological 

complementarity and the level of absorptive capacity in conjunction with partner 

proximity remain important topics for future studies (Bishop et al. 2011; Laursen et 

al. 2011; Petruzzelli 2011). Another unexplored aspect of the proximity stream 
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within the U-I literature is the extent of industry involvement in the creation of 

university spin-off (USOs). Academic entrepreneurship has mainly been supported 

by the university and government (Meyer 2003; Fini et al. 2011; Grimaldi et al. 

2011); however, it can be also supported by the (local) industry. Simultaneously, 

firms may even decide for locations that are geographically close to research 

organisations to benefit from knowledge spillovers (Audretsch et al. 2005).  

Anecdotal evidence suggests that industry partners geographically close to the 

university provide  academic commercial ventures with access to facilities and 

knowledge from their business development units (private business clusters or 

incubators) rather than with substantial capital funds. While there is research on the 

shaping of industries’ support in the early stages of spin-off development (e.g., 

Zhang 2009), the mutual resource flows between USOs and their industry partners 

over time and in conjunction with partner proximity have received little conceptual 

and empirical attention. 

 

2.4.3 The institutions in university-industry collaborations 

 

On the institutional level, the literature points to the economic and societal 

impact generated by U-I collaborations on regional and national levels as well as to 

an increasing importance of policy developments that would maximise the 

effectiveness of U-I interactions (Filippetti and Savona 2017). In the last decade, 

different configurations of triple helix interactions that frequently form a complex 

system of inter-dependent relations have been developed (Lei et al. 2012). Based on 

our review, future research embedded in the Ecosystem perspective would benefit from 

examining what types of triple helix network configurations are most effective, 

considering institutional differences across countries and regions (Etzkowitz 2011; 

Guan and Zhao 2013; van der Valk et al. 2011). In this regard, prior research calls 

for the development of performance indicators that would reliably predict what 

configurations are necessary to optimise collaborative project success between 

university-industry-government (Feller 2017; Leydesdorff and Rafols 2011). 

Pursuing this research avenue will become increasingly relevant due to the 

development of an e-government domain (Khan and Park 2011). In addition, given 

the recent increase in opportunities (e.g., university/public funding support for U-

I projects) and the threats (e.g., weak IPR protection) in the context of 

(international) U-I collaboration, future research is recommended to extend the 

framework of university-industry-government relations towards Quadruple Helix, 

thus expanding the facets of U-I collaborations that are examined (Leydesdorff 
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2012; Marcovich and Shinn 2011). Moreover, a relevant exploration of network 

configurations needs to account for differences between industry sectors and 

technology fields (Guan and Zhao 2013; Kwon et al. 2012) as well as between 

scientific fields. It can be expected that all scientific fields have an impact on 

economy and society; however, social sciences have largely been left out in U-I 

collaborations research despite their contributions to the competitiveness and 

innovativeness of the economy by providing e.g., new research tools and 

interventions in conjunction with consultancy, knowledge on the effectiveness of 

management approaches, highly skilled and entrepreneurially educated graduates 

among other outcomes. More research could be done on the question of how and 

with what effects knowledge is transferred from social sciences to the society at 

large. 

With regard to the Policy Implications perspective, research argues that 

university-industry-government interactions can be shaped by civic involvement 

and their characteristics, in addition to cultural and social capital endowments 

(Lombardi et al. 2012). Thus, it is worthwhile to investigate how changes in the local 

institutional environment foster the engagement of academics in collaborative 

research projects and university spin-off creation (Fini et al. 2011). Conversely, it 

would be interesting to examine how U-I collaborations affect policy development, 

requiring approaches that are multi-disciplinary and historical in nature.  In relation 

to the incentives that could stimulate engagement in U-I collaborative projects on 

the part of academics, research should consider that collaboration with industry 

does not necessarily foster success in academia. As indicated by Lee and Miozzo 

(2015), the engagement in industry-involved projects by physicists and engineering 

PhD researchers is negatively related to their career in academia. It is therefore not 

only up to the university but the entire science system including policy makers to 

come up with an incentive scheme specifying how and when academics can be 

promoted if they engage in the third mission of the university. This issue need to 

be further explored by research, outlining the characteristics and conditions of best 

practices. 

The process perspective (Interaction Process and Knowledge Transfer cluster) 

of U-I collaborations is not a core research stream; however, there is a strong need 

for future examinations, especially if we want to understand the complex processes 

of interaction between academia and industry, resulting in a long-term exchange of 

knowledge and technological resources at all levels of U-I collaboration (Gilsing et 

al. 2011). In line with McMullen and Dimov (2013), there are a number of 

conceptual questions that require answers if a process perspective to U-I 
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collaborations shall gain momentum: What is the U-I collaboration journey, when 

has this journey started, when has this journey concluded, does it require particular 

interactions to progress; and what remains constant and what changes throughout 

the process of interaction between U-I partners? Longitudinal studies could help to 

answer those questions and capture the depth and breadth of interaction cycles, 

beginning with an initiating action and both the academics’ and industry partners’ 

reactions. Finally, our review points to the benefits of extending the level of analysis 

of future U-I interaction process studies beyond the individual level to ask – among 

other questions – whether industry partners in the same industry react in similar 

ways, how interaction is developed at higher levels, that is between the firm, the 

university and the government, and how such interactions shape the dynamics of 

academia, the industry and the institutional environment. A summary of the 

emerging patterns outlining the future research agenda is provided in Table 2.3.  

 

Table 2.3. Overview of emerging research agenda and sample research questions. 

 
Level of 
analysis 
 

Associated clusters Exemplary research questions 

 
Individual Level 

Social Relations 
perspective  
 
 
 
 
 
 
 
 
 
Academic 
Entrepreneurship 
perspective (i.e., recent 
graduates and academic 
staff level)  
 
 
 
 
 
 
 
 

 What are the mechanisms to effectively 
integrate different motives of U-I 
collaboration partners during different 
stages of U-I collaborations? 
 

 How do cognitive, normative and 
regulatory differences affect the 
coordination and productivity of 
relationships among U-I 
collaborations partners? 

 

 Through which strategic incentives can 
universities motivate both researchers 
and firms to enter into U-I 
partnerships and turn them into 
lasting strategic alliances? 

 

 How can we differentiate between 
different types of entrepreneurs in terms 
of academic entrepreneurial identity, 
and how do different types of identities 
affect the success of U-I collaborations? 
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Individual Interaction 
Process & KT 
(i.e., communication 
mechanisms) 

 How do academic entrepreneurs 
contribute to the failure of USOs? 
 

 What is the impact of students and 
recent graduates on the regional 
economic development by means of 
academic/student spin-offs? 
 

 Which U-I interaction channels 
stimulate the generation of knowledge-
related and monetary benefits in the 
short term and long term on the 
individual level? 

 

 
 
 
Organisational 
Level 

Academic 
Entrepreneurship 
perspective (i.e., 
university level)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Distance and Partner 
Complementarity 
perspective 
  
 
 
 
 
 
 
 
 

 

 Which organisational characteristics of 
the university and the industry partner 
explain  success at different stages of 
the spin-off life-cycle? 
 

 How does the quality of a university 
department affect the U-I collaboration 
success, notwithstanding the overall 
quality of the university? 

 

 Which factors influence   the industrial 
partners’ selection of academic partners 
for collaborative research partnerships? 
 

 Which characteristics of universities 
and industrial partners, and their 
inter-organizational collaboration 
contribute to the failure of U-I 
partnerships? 

 

 How does the interplay of different 
partner proximities influence the 
evolution and performance outcomes of 
U-I collaborations? 
 

 Which alternative success indicators 
can be used to capture the dynamics of 
partner proximities?  
 

 What is the impact of partner network 
position and technological 
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Organisational 
Interaction Process & 
KT 
 

complementarity on the performance of 
U-I collaborations? 
 

 Which U-I interaction channels 
stimulate the generation of knowledge-
related and monetary benefits in the 
short term and long term on the 
organisational level?  

 

 What are the differences between 
formal and informal interaction 
channels in the U-I collaboration 
process? 
 

 
Institutional 
Level 

Ecosystem perspective  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Policy Implications 
perspective 

 What configurations of university-
industry-government interactions 
stimulate the regional economic 
development, considering institutional 
differences across countries and 
regions? 
 

 Which metrics can be used to estimate 
direct and indirect effects of U-I 
collaborations on regional economic 
and societal development? 
 

 What is the impact of social sciences 
on the innovativeness and 
competitiveness of the economy? How 
can the transfer of knowledge from 
social sciences to industry be enhanced? 

 

 How can regional policy developments 
foster or hinder the development of 
university-industry collaborations and 
their outcomes? 
 

 How do university-industry 
collaborations affect policy 
developments? 
 

 What are the implications of engaging 
in U-I collaborations for careers of 
researchers? 
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2.4.4 Research Limitations 

 

Inevitably, this study also has certain limitations paving the way for several 

extensions of the bibliometric analysis of U-I collaboration research and additional 

analyses. First, this study investigates a specific dataset on U-I collaborations. 

However, the results show that each of the identified perspectives in this paper 

could be investigated independently. Thus, it is necessary to extend the scope of the 

U-I literature among the identified research perspectives. Additionally, using other 

keywords for data collection may lead to broader research directions. Second, the 

main goal of this study was to grasp the latest research advancements. Future studies 

could explore the interplay of our findings in comparison to the entire field while 

imposing no time limitations. Third, our dataset is focused on the most recent 

publications; therefore, the weight of the publications used for creating the clusters 

of literature will change according to the citation patterns of this research field. 

Finally, imposing a threshold on the number of citations for co-citation hinders an 

analysis of the entire literature, which also ignores potentially relevant but primarily 

recent publications. An investigation of different datasets compiled on the basis of 

other keyword combinations and extended period of publication time could enable 

us to identify additional elements of U-I collaborations and academic 

entrepreneurship and establish new interlinkages across the  U-I ecosystem.  

 

2.4.5 Conclusion 

 

This study examined the nature of the U-I collaborations research using 

both quantitative and qualitative methods of analyses, concluding that the research 

field is complex and multi-faceted. Based on co-citation analysis, we analysed the 

evolution of the research field and identified fundamental research themes. By using 

the method of bibliographic coupling, we were able to investigate current and 

emerging topics of interest in the study of U-I collaborations. Based on our 

comprehensive content analysis, we were able to identify linkages between the 

different perspectives adopted in U-I collaborations research, thus contributing to  

integration of diverse research streams and a clarification of the scope of the U-I 

collaborations literature. The findings of our bibliometric study suggest that the U-

I collaborations research can be seen as a multi-layered ecosystem consisting of 

interconnected perspectives on individual, organisational and institutional levels. 

Our study concludes by offering a nuanced research agenda with valuable 

implications for academics and policy makers.
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Abstract 
 
 
The increasing importance of academic entrepreneurship as a key mechanism for 
new innovative advancements and regional economic developments fostered a 
development of this research domain. The burgeoning literature examining key 
antecedents and consequences of academic entrepreneurship resulted in complex, 
multifaceted concept development, which hinder both the possibilities to grasp the 
crucial interlinkages and a comprehensive assessment of the latest theoretical 
contributions. Thus, to decrease the current risk of the field’s further fragmentation 
and to support the comparison with the new emerging patterns, this paper seeks to 
develop new bibliometric insights and outline a nuanced research agenda for further 
advancements. To conduct a quantitative literature review, this paper employs 
bibliographic coupling on a sample of 615 Web of Science peer-reviewed articles 
on academic entrepreneurship. To conduct a comprehensive interpretation of the 
bibliometric findings, I perform additional hierarchical clustering of the frequent 
terms and content analysis of the publications. The results indicate that the 
academic entrepreneurship research field is based on four interconnected clusters: 
(1) the anatomy of an entrepreneurial university and its main components, (2) 
university spinoffs and technology commercialization, (3) the identities of academic 
entrepreneurs and their motivations and barriers in entrepreneurial activities, and 
(4) knowledge transfer and regional economic impacts. These findings are of high 
importance to academics who seek to enhance entrepreneurial processes and to 
policymakers interested in stimulating academic entrepreneurship. 
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3.1. Introduction 

 

Acknowledging the strong interest in academic entrepreneurship in the past 

years, university spinoffs (USOs) and entrepreneurial academics are increasingly 

considered as great potential sources of new and often disruptive innovations. 

Grounded in scientific discoveries, they contribute to the innovative capacity and 

economic development of regions and countries (Bienkowska et al. 2016; Galán-

Muros et al. 2017; Marzocchi et al. 2017; Perkmann et al. 2013).Thus, understanding 

the process and potential impacts of academic entrepreneurship, broadly 

understood as commercialization of scientific research results, becomes crucial for 

academics, practitioners, and policymakers (Balven et al. 2018; Fini et al. 2017, 2018; 

Sandström et al. 2018).  

The importance of academic entrepreneurship has been widely recognized 

in the literature, evidenced by the notable increase of relevant publications in the 

past years (Bock et al. 2017; Bozeman et al. 2013; Czarnitzki et al. 2014; Gümüsay 

and Bohné 2018; Skute et al. 2017; Zavale and Langa 2018). Prior research signals 

the potential to better understand this phenomenon at the individual, 

organizational, and institutional levels (Hayter et al. 2018; Rothaermel et al. 2007). 

Based on the recent developments and governmental initiatives, academic 

institutions are challenged to balance more traditional activities of education and 

research with increasing commercialization efforts (Galan-Muros et al. 2017; 

Grimaldi et al. 2011). This has facilitated the development of various research 

threads in the academic entrepreneurship literature, which has focused on 

antecedents and consequences of entrepreneurial universities, the process and key 

determinants of USO development, and the entrepreneurial competencies of 

researchers engaging in research commercialization activities (Hayter et al. 2018; 

Mathisen and Rasmussen 2019; Perkmann et al. 2013; Rasmussen and Wright 2015; 

Vohora et al. 2004).  

Thus, to decrease the risk of the field’s fragmentation and to support the 

systematic generation of relevant and interesting knowledge on academic 

entrepreneurship, it is necessary to understand both the structure of the current 

body of literature, and the extent to which it has already tackled recently suggested 

research opportunities (Grimaldi et al. 2011; Hayter et al. 2018; Mathisen and 

Rasmussen 2019; Siegel and Wright 2015; Wright 2014). To examine the current 

state-of-the-art literature on academic entrepreneurship and to compare the new 

emerging research foci, I seek to generate an evidence-based roadmap for spurring 

focused academic entrepreneurship research so as to move the field forward.  
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Here, the main departure points are the recent narrative reviews of the 

academic entrepreneurship literature, i.e. the work of Grimaldi et al. (2011), 

Perkmann et al. (2013) and Miranda et al. (2018), who have suggested research 

agendas. Further, Siegel and Wright (2015) recently proposed paradigmatic shifts 

concerning academic entrepreneurship practices, acting as guidance for future 

research. Specifically, they stress the emerging relevance of considering the rationale 

of academic entrepreneurship (why, moving towards social entrepreneurship), new 

forms of academic entrepreneurship (what), new actors entering academic 

entrepreneurship (who, students and graduates), and new modes to facilitate 

academic entrepreneurship (how). 

To address these challenges, I conducted a quantitative bibliometric 

analysis of 615 peer-reviewed articles, employing bibliographic coupling. This 

analysis type, which has been acknowledged in the past years, enables one to 

perform a comprehensive assessment of the state-of-the-art literature in a particular 

research field (Kovács et al. 2015; Meyer et al. 2014b; Teixeira and Mota 2012). 

Further, I build on the results of bibliographic coupling, introducing both 

quantitative and qualitative efforts to extend the research findings, specifically by 

employing hierarchical clustering and content analysis of selected publications.  

The bibliographic coupling’s results indicate that the academic 

entrepreneurship research field is based on four interconnected clusters: (1) the 

anatomy of an entrepreneurial university and its main components, (2) university spinoffs and 

technology commercialization, (3) the identities of academic entrepreneurs and their motivations 

and barriers in entrepreneurial activities, and (4) knowledge transfer and regional economic 

impacts.  

This paper makes the following contributions: First, by employing both 

quantitative and qualitative methods, I contribute systematic insights to the 

evolution of the academic entrepreneurship field. I consolidate the main research 

streams of the past 10 years, providing a comprehensive overview of the field. 

Second, I identify the multifaceted and interconnected nature of the academic 

entrepreneurship research field, outlining new emerging trends, encouraging further 

research advancements of previously under-researched determinants and their 

interplays in the identified thematic areas at the individual, organizational, and 

institutional levels. 

The remainder of this article is structured as follows. In Section 2, I 

elaborate  research design and methods. I then present a statistical overview and the 

results of bibliographic coupling, discuss the main findings, and identify the main 

implications for academics and policymakers. I also outline the emerging patterns 
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in the research field and future research avenues. Finally, I describe the study’s 

limitations and suggestions for further advancements. 

 

3.2. Research Design 

 

To construct the dataset for this bibliometric literature review, I retrieved 

articles from the Thomson Reuters Web of Science database. The Web of Science 

Core Collection database is recognized as covering a notable range of high-ranking 

journals and peer-reviewed articles of high quality. While I note the availability of 

other databases, I follow the methodological approach of previous research (e.g., 

see Meyer et al. 2014); since this study is designed to primarily examine the patterns 

of indicators, I accept this limitation. To construct the dataset, I designed the 

following search query: “academic entrepreneurship” OR “academi* spin*” OR “universit* 

spin*” OR “academi* commerciali*ation” OR “universit* commerciali*ation” OR “entrepren* 

universit*” OR “entrepren* academi*”. I restricted the search query to searching in titles, 

abstracts, and/or keywords while accepting term spelling variations (e.g., academic 

spinoffs, academic spinoffs, academic spinouts, etc., but controlled for non-related 

terms such as spine). Next, I restricted the search to 2008 to 2017 so as to capture 

the key publications and topics in the past 10 years, which also allowed me to 

identify the recent emerging developments in this research field. This search query 

covered a relatively broad publications scope; to reduce the risk of including false 

positive items with no complementary value to the constructed dataset, I conducted 

further inspections. While the initial search resulted in 978 publications, I selected 

only ‘article’ publications, which reduced the sample to 650 publications. Further, I 

examined publications from less matching Web of Science categories. I further 

refined the results and excluded a list of categories with no value for the academic 

entrepreneurship literature (I excluded 26 categories, such as radiology, medical 

imagining, thermodynamics). This led to the final sample of 615 articles, referring 

to 7,259 citations and 21,429 references. To avoid false positive items in the dataset, 

I inspected all articles that formed a corpus for bibliographic coupling for the 

inclusion of the abovementioned keywords in the titles and/or abstracts and/or 

keywords.  

To examine publication scientific mapping patterns and to assess the 

relatedness of themes in the academic entrepreneurship literature, I used 

bibliographic coupling technique (Boyack and Klavans 2010; Kessler 1963). 

Bibliographic coupling focuses on matching articles in a dataset based on shared 

references. This technique is increasingly used in various research fields, including 
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the management and entrepreneurship literatures. Bibliographic coupling is 

generally applicable for interpretation of the current state of a research field and the 

emerging patterns owing to its ability to match or ‘couple’ articles, based on their 

shared references, which are older than the focal publications (Boyack and Klavans 

2010; Kovács et al. 2015). 

I constructed and visualized thematic clusters based on normalized 

relatedness measures. I deemed an association strength measure appropriate for 

normalizing co-occurrence data, in accordance with the methodological approach 

of previous studies (Van Eck and Waltman 2009, 2010). Detailed methodological 

overviews, including calculations of the association strength measure and 

comparisons to other well-known measures, are provided in Van Eck and Waltman 

(2009) and Waltman et al. (2010). I constructed clustered bibliometric networks by 

adopting the visualization of similarities (VOS) approach, using an optimized 

algorithm of VOSviewer 1.6.5 (Van Eck and Waltman 2007, 2010).  

Further, to interpret and label the resulting clusters of bibliographic 

coupling, I used text mining and hierarchical clustering of subtopics. To analyze the 

content of selected article abstracts, I conducted text pre-processing using the ‘tm’ 

package in R (Feinerer and Hornik 2012). I removed all punctuation marks, 

numbers, and extra white spaces from the selected abstracts, and converted all 

uppercase letters to lowercase ones. Also, I removed stopwords and stemmed all 

remaining terms. I included the N-grams in the dataset up to an order of n = 3, 

using the ‘RWeka’ package (Hornik et al. 2007). Thus, I created the dataset based 

on unigrams only, unigrams and bigrams, bigrams and trigrams, etc. In the next 

step, I transformed all unique words and word combinations into a ‘bag of words’ 

representation via a document term matrix. I based further word frequency analysis 

and visualizations on the created document term matrix. To obtain the results of 

hierarchical clustering, I used the ‘hclust’ function of the ‘Stats’ package, using the 

Euclidean distances and Ward.D method (Team and Worldwide 2002). 

Finally, I did qualitative content analysis of the clustered publications, on 

the basis of the bibliographic coupling and text mining results. I analyzed the 

content of titles, abstracts, and keywords of the clustered publications. I then 

qualitatively analyzed the 20 most relevant articles (based on total and normalized 

citations) with the highest number of links in each cluster so as to detect the current 

and emerging patterns in the literature, using Atlas.ti software. I calculated the 

normalized citations of a publication as follows: the number of citations of the 

publication divided by the average number of citations of all documents published 

in the same year. The normalization corrected for the fact that older publications 
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have had more time to receive citations than more recent publications. To extend 

the results with additional insights, I enriched the discussion of the results and 

emerging research patterns with additional literature. 

 

3.3. Results 

 

The number of articles published on the topic of academic 

entrepreneurship and USOs has significantly increased in the past three years, 

compared to this research field’s overall positive development in the past decade 

(see Figure 3.1). This confirms the growing interest in academic entrepreneurship 

and associated determinants in the scholarly literature (Hayter et al. 2018; Miranda 

et al. 2018; Perkmann et al. 2013; Teixeira and Mota 2012; Zavale and Langa 2018). 

The results in Figure 3.2 show that the three leading peer-reviewed journals 

publishing the most articles on academic entrepreneurship were the Journal of 

Technology Transfer (83 publications), followed by Research Policy and Technovation (45 

and 27 publications, respectively). While these three leading journals accounted for 

25.2% of total publications, the remaining journals list is relatively well-distributed. 

   

 
Figure 3.1. Distribution of WOS publications on academic entrepreneurship between 2008 and 

2017 (n = 587) 

 

This indicates that, besides the three top journals publishing the most 

insights in this research domain, academic entrepreneurship is a broad topic that 

includes a wide variety of elements that are addressed from different perspectives. 

This finding is in line with the distribution of Web of Science categories illustrated 
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in Figure 3.3. Unsurprisingly, the three most popular Web of Science categories 

relate to the academic entrepreneurship literature cover management (341 

publications), business (152 publications), and industrial engineering (122 

publications) categories. For a better understanding, notably, a publication can be 

assigned to more than one category. These three most common categories are 

associated with 56.9% of publications in the dataset, suggesting that academic 

entrepreneurship is a specific niche topic in management and entrepreneurship 

literature; nonetheless, the results signal that academic entrepreneurship is also a 

multidisciplinary phenomenon that is receiving attention from diverse research 

fields, such as biomedical technologies, health policy services, women’s studies and 

other research fields in which the entrepreneurial academic organizations and their 

actors are key subjects of studies.  

 

 
Figure 3.2. Distribution of the scientific journals publishing the most articles in the academic 

entrepreneurship domain (top 25 journals) 
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Figure 3.3. Distribution of WOS categories corresponding to the publications in the academic 

entrepreneurship domain (top 25 categories) 

 

Figure 3.4 illustrates the author distribution by number of publications 

authored or co-authored in the constructed dataset. The dataset included 636 

authors. The leading author with most 24 (co)authored articles (accounting for 3.9% 

of all publications) is Mike Wright, followed by Maribel Guerrero (13 (co)authored 

publications). Then, the top five authors list contains three authors with 12 

publications each: David Urbano, Einar Rasmussen, and Mirjam Knockaert. With 

five leading authors accounting for less than 12% of the total number of selected 
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authors, the results indicated a notable variety. However, most of the authors are 

from related research domains, which supports the academic entrepreneurship 

domain’s distinctness.  

Figure 3.5 and Figure 3.6 illustrate the authors’ geographical distribution 

and their affiliated organizations and countries. The results show that the highest 

number of publications were (co)authored by researchers from Ghent University, 

Imperial College London, and Autonomous University of Barcelona (with 29, 28, 

and 18 associated publications, respectively). Figure 3.6 indicates that most 

publications were (co)authored by researchers affiliated with the U.S. (123 

associated publications). While England remained second with 106 author 

affiliations, Italy had the third highest number (71). More detailed examinations 

indicated that studies of academic entrepreneurship and associated determinants are 

dominated by the U.S. and Europe, signaling that crucial findings should be 

generalized within this institutional environments scope, especially concerning the 

issues of the most recent policy developments and governmental initiatives, 

facilitating the further development of academic entrepreneurship (Fini et al. 2017; 

Hayter et al. 2018).  
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Figure 3.4. Distribution of authors by the number of publications authored or co-authored (top 25 

authors) 
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Figure 3.5. Distribution of author affiliations to organizations based in selected publications (top 25 
organizations) 
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Figure 3.6. Distribution of author country affiliations in selected publications (top 25 countries) 
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The bibliographic coupling’s results are illustrated in Figure 3.7. The 

visualized bibliometric network includes four interconnected clusters with unique 

labels based on the shared references and their patterns. To identify all themes and 

emerging topics in this research field, I applied no restrictions concerning the 

number of citations necessary to be included in bibliographic coupling analysis. 

Thus, from a total sample of 615 articles included in the analysis, I clustered 601. 

The excluded articles represent a sample of publications with no shared references 

with other articles in the dataset and therefore could not be connected. Further, five 

clusters included 4, 4, 3, 3, and 1 publications each; owing to low applicability and 

little value for further interpretation, I excluded these from the results and further 

analysis. Thus, the final sample of analysis contained 587 articles.  

Each item depicted in the visualized bibliometric network represents a 

unique publication from the dataset that is clustered based on the likelihood of 

having a shared reference. Items assigned to the same cluster share a higher 

probability, while colors show all distinct clusters and articles belonging to them. 

Further, each item has a specific weight, based on the number of total citations, 

total links, and total link strength of the publications. For a more illustrative 

overview, publications with higher number of total citations are displayed in a larger 

size (Van Eck and Waltman 2010; Waltman, Van Eck, and Noyons 2010). Based on 

the bibliographic coupling’s results, I retrieved the abstracts of publications and 

additional information about the publications for further analysis, specifically text 

mining and hierarchical clustering, and full content of publications for content 

analysis of four identified clusters. I based the following analysis and description of 

the bibliographic coupling’s results on the analysis of term frequencies and 

hierarchical clustering, as well as full content analysis of the key publications in each 

cluster. 
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Figure 3.7. A visualized bibliometric network of clustered articles included in the dataset, based on 

bibliographic coupling (red items represent Cluster 1, green items Cluster 2, blue items Cluster 3, and 

yellow items Cluster 4) 

 

3.3.1. Cluster 1: The anatomy of entrepreneurial university 

 

Figure 3.8 and Figure 3.9 illustrate a distribution of the pre-processed key 

term frequencies of Cluster 1 publications, based on the bibliographic coupling’s 

results. Specifically, Figure 3.8 shows the most frequent words in Cluster 1 

publications’ abstracts, including N-grams up to an order of n = 3. Figure 3.9 

illustrates the hierarchical clustering’s results of the terms in Cluster 1. Cluster 1’s 

dendrogram depicts closeness or dissimilarity of the terms, based on the Euclidean 

distances (Height axis), and Ward.D method. This implies that terms with the lowest 

dissimilarity, based on the Euclidean distance or height in the illustrated 

dendrogram, are connected in a cluster. To make further connections and estimate 
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the dissimilarity of merged terms with others, I used recomputed distance values 

based on the Ward.D method. I repeated the procedure until all terms were 

clustered. Since it was impractical to clearly visualize all terms in Cluster 1’s publications, I set 

the term matrix sparsity threshold to 0.75.  

In more practical terms, the depicted dendrogram is a compact 

visualization of a dissimilarity matrix. Two main clusters are identified and 

highlighted by red lines, based on the highest distinct distance. Although it is 

possible to identify more clusters, the purpose of hierarchical clustering here is to 

display each cluster’s content and their interconnections in order to label the 

bibliographic coupling’s results. Thus, the argumentation focuses on analyzing the 

clusters and their components rather than on identifying a larger variety of 

subclusters.  

 

 
Figure 3.8. Distribution of the most frequent terms in Cluster 1, based on the bibliographic coupling’s 

results 
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Figure 3.9. Visualized Cluster 1 dendrogram of the key terms, based on the Euclidean distances 

(height) and Ward.D method  

 

Thus, analyzed publications in this cluster are related to the antecedents 

and consequences of entrepreneurial universities and their associated determinants. 

Specifically, a central thread of publications in this cluster focuses on explaining the 

roles of the university as a catalyst for regional economic and societal development 

via exploration and exploitation of entrepreneurial opportunities (Bienkowska et al. 

2016; Bramwell and Wolfe 2008; Guerrero and Urbano 2012). This cluster focuses 

on understanding the nature and key activities of an entrepreneurial university, 

especially after the inclusion of the third mission, to engage in research 

commercialization, besides education and research activities (Galan-Muros et al. 

2017). For instance, following the latest institutional and regional policy 

developments, entrepreneurial universities are encouraged to prioritize the 

following goals: development of entrepreneurial competencies by attracting and 

educating human capital, engagement in technology transfer and innovation as well 

as engagement in social and regional developments (Secundo et al. 2016). To attain 

these goals, entrepreneurial universities are expected to perform a list of activities, 
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such as creation of technology parks, USO development, patenting/licensing, 

contract research activities, industry training, consulting, grant acquiring, research, 

and education (Philpott et al. 2011).  

Further, another articles substream addresses the development of 

entrepreneurial universities. It is recognized that universities are embedded in 

multilayered systems and several hierarchical levels – from colleagues and 

supervisors, to research groups and departments, to faculties and central 

administrations. To develop into entrepreneurial universities and to avoid any 

potential barriers, universities are expected to design long-term strategies and obtain 

support at all levels, to attain the entrepreneurial goals and make new economic and 

societal impacts (Bienkowska et al. 2016; Galan-Muros et al. 2017). 

Another substream of high interest that relates to the publications on 

entrepreneurial universities is the assessment of the impacts generated by 

entrepreneurial universities’ activities. Among the noted activities, entrepreneurial 

universities can function collaboratively on a regional level, and can therefore 

support new venture formation and growth in a region by stimulating tacit 

knowledge-sharing among networks of innovative firms, and can engage in a 

virtuous cycle of talent attraction and retention (Bramwell and Wolfe 2008; 

Guerrero and Urbano 2012). Thus, it is necessary to develop new metrics that would 

allow us to estimate the generated value and economic and societal value at the 

regional and national levels.  

This cluster generally addresses the issue of entrepreneurial university 

development, emphasizing the importance to identify the factors that stimulate 

entrepreneurial activities among academic institutions, as well as the potential 

barriers that may hinder further entrepreneurial initiatives. Special attention is 

devoted to channels of research commercialization dependent on regional 

institutional differences and the effects of recent policy developments. 

 

3.3.2. Cluster 2: University spinoff development and technology 

commercialization  

 

According to Figure 3.10 and Figure 3.11, this cluster focuses on USO 

creation as well as knowledge and technology commercialization activities. The 

research in this cluster focuses on examining dynamic USO development process 

and the necessary determinants to overcome the critical junctures to reach the 

sustainable returns stage (Rasmussen et al. 2011).  
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Figure 3.10. Distribution of the most frequent terms in Cluster 2, based on the bibliographic 

coupling’s results 
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Figure 3.11. Visualized Cluster 2 dendrogram of the key terms, based on the Euclidean distances 

(height) and Ward.D method 

 

A notable number of publications report that many USOs show limited 

growth and development, or even failure in the early stages of new venture creation 

(Fini et al. 2017). Thus, a key discussion thread on USO development is identifying 

USO determinants and potential success factors (Fisher et al. 2016; Perkmann et al. 

2013). However, to determine what drives successful USOs, one must understand 

these ventures’ entire lifecycle. Thus, it is necessary to draw on Vohora et al.’s (2004) 

seminal work. Although the latter paper falls outside the scope of this bibliometric 

literature review, it provides a fundamental basis for many conceptual frameworks 

presented in articles that are included in our dataset. Thus, according to Vohora et 

al. (2004), USO development has five distinct phases: (1) the research phase, (2) the 

opportunity framing phase, (3) the pre-organization phase, (4) the re-orientation 

stage, and (5) the sustainable returns phase. Every phase has a specific activities set 

and a strategic focus that the venture must accomplish before transitioning into the 

next development phase. However, to pass through these phases and become an 

established firm in the market with sustainable returns, a USO venture must 

undergo the transitions referred to as critical junctures. These are complex problems 
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that “occur at a point along a new high-tech venture’s expansion path preventing it from achieving 

the transition from one development phase to the next” (Vohora et al. 2004, p. 159). They 

identified four critical junctures: (1) opportunity recognition, (2) entrepreneurial 

commitment, (3) venture credibility, and (4) venture sustainability.  

The main thematic areas in the cluster on USOs and technological 

commercialization can be attributed to these five USO venture development phases 

and overcoming various problems associated with critical junctures. Thus, to 

successfully develop a USO, one must recognize that this is a dynamic – and more 

importantly, multistage – process that requires different knowledge and various 

resources, depending on the USO’s development phase, and requires specific short-

term and long-term evaluation criteria (Clarysse et al. 2014). This is addressed by a 

large portion of publications in this cluster.  

Another substream relates to the venture credibility juncture (Vohora et al. 

2004). It is crucial for a USO to gain access and acquire initial resources for 

successful USO development in its nascent development stage. Rasmussen et al. 

(2011) identified leveraging competency, besides the opportunity refinement and 

championing competencies necessary to undergo the necessary USO development 

phase transitions. Leveraging competency refers to the ability to acquire and 

combine resources to maintain the venture creation process (Rasmussen 2011; 

Rasmussen and Borch 2010; Rasmussen and Wright 2015). An important part of 

the literature on USOs focuses on funding as a source to reach the credibility 

threshold and to overcome the liabilities of both smallness and newness (Fisher et 

al. 2016) In the literature, there is a distinction between funding sources. Some 

publications address governmental initiatives and policy development to support 

academic entrepreneurship, while others address the venture capitalist literature 

(Franke et al. 2008; Islam et al. 2018).  

Also, a broader publications thread address the roles of the environment and the 

context a USO is embedded in. For instance, a list of publications explores the 

impacts of conflict resolution policies between the parent university and the USO 

venture, as well as IP management quality (Muscio et al. 2012, 2016). The same 

importance is allocated to studies that examine the impacts of the quality of 

universities, departments, and colleagues, as well as the USO venture team’s 

composition and its experience of successful USO development (Tartari et al. 2014; 

Van Looy et al. 2011). 
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3.3.3. Cluster 3: Identity of academic entrepreneurs 

 

According to Figure 3.12 and Figure 3.13, this cluster addresses the 

academic entrepreneurship process and technology/research commercialization by 

academics and/or scientists. The second identified subtheme highlights the roles of 

various elements such as industry, policy developments, and individuals in the 

knowledge and technology transfer process. Thus, this cluster focuses on examining 

the identities and roles of academic entrepreneurs. 

 

 
Figure 3.12. Distribution of the most frequent terms in Cluster 3, based on the bibliographic 

coupling’s results 
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Figure 3.13. Visualized Cluster 3 dendrogram of the key terms, based on the Euclidean distances 

(height) and Ward.D method 

 

The research in this cluster is located at the individual level. This makes 

sense, since academic entrepreneurial behavior occurs at the interface of an 

opportunity and an individual, with heterogeneity existing on both the individual 

and the opportunity sides. Here, the central research focus is on the characteristics 

of academic entrepreneurs as they engage in the entrepreneurial process, and 

especially on the mechanisms that foster such academics entrepreneurial identities. 

Specifically, research in this cluster focuses on analyses of the links between 

these academics’ latent entrepreneurial skills, abilities, experience, attitudes, 

perceived norms, and intentions to create a spinoff (D’Este et al. 2012). The analysis 

of academic entrepreneurs’ identities is in line with Vohora et al.’s (2004) conceptual 

framework, introduced in the previous section. According to Rasmussen et al. 

(2011), to successfully pass through the critical junctures and develop a USO venture 

into a stable market player, academic entrepreneurs must possess three 

entrepreneurial competencies. Leveraging competency has already been discussed. In the 

context of examining academic entrepreneurs’ identities, opportunity refinement 

competency and championing competency are interesting to study in depth. 
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Opportunity refinement competency generally refers to the ability to discover 

opportunities based on scientific research results, and to further develop these into 

viable business concepts. Championing competency refers to the ability to identify with 

a venture and to persuade others to contribute to its development. These two 

entrepreneurial competencies are crucial for successful academic entrepreneurs.  

In line with this argument, it could be stated that academic entrepreneurs’ 

ability to detect technological opportunities is attributed to different scientific skills 

sets and expertise, compared to the ability to exploit these entrepreneurial 

opportunities. Academic entrepreneurs’ research excellence and previous 

experience of discovering technological opportunities would more likely foster the 

detection of new technological opportunities. In comparison, previous 

collaboration with industry partners, scientific breadth, and commercially oriented 

experience would stimulate the exploitation success of technological opportunities 

(D’Este et al. 2012).  

In addition to predicting the likelihood of becoming an academic 

entrepreneur based on for instance their opportunity recognition ability and prior 

entrepreneurial experience, the process of transitioning from the scientist role into 

the academic entrepreneur role is increasingly explored. Thus, a related thematic 

publication area in this cluster addresses the importance of researchers personal 

identities in the academic environment and the commercial business environment 

(Jain et al. 2009). In the process of academic entrepreneurship and USO venture 

development, academics may have a tendency to maintain the hierarchy from their 

academic environment, while USO development requires a different level of 

personal communication and interconnections. A specific subtheme of this cluster 

addresses this issue, and examines the roles of personal networks and embedded 

hierarchies in USO development success.  

Also, an academic entrepreneur’s environment shapes their extent of 

engagement in entrepreneurial activities and their preferred channels of engagement 

(Bercovitz and Feldman 2008; D’Este and Perkmann 2011; Perkmann et al. 2013). 

Academic entrepreneurs tend to more actively engage in entrepreneurial activities if 

the parent institution sufficiently supports possibilities and has developed norms 

that stimulate such activities. A connected research focus in this cluster is the roles 

of business incubators and science parks regarding facilitating the development of 

academic entrepreneurs, both among experienced researchers and young academics 

or even students.  
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3.3.4. Cluster 4: Knowledge transfer and (regional) economic impacts 

 

According to Figure 3.14 and Figure 3.15, this cluster addresses academic 

entrepreneurship from a broader perspective, focusing on describing the 

entrepreneurial processes via knowledge and technology transfer, and highlighting 

the roles of entrepreneurial academic institutions, researchers, and young graduates 

as ways to generate new economic value.  

 

 
Figure 3.14. Distribution of the most frequent terms in Cluster 4, based on the bibliographic 

coupling’s results 
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This cluster centers around the analysis of academic entrepreneurship as a 

catalyst for regional economic and societal developments via knowledge transfer 

and USOs. Thus, it addresses academic entrepreneurship from the perspective of 

an ecosystem consisting of individual, organizational, and institutional elements. 

Specifically, this cluster emphasizes the changed roles of academic entrepreneurship 

and entrepreneurial universities (Audretsch 2014). The roles of universities in an 

increasingly entrepreneurial society have broadened, and in addition to the need to 

generate technology transfer and knowledge-based USO ventures, academic 

institutions are focused on enhancing entrepreneurship capital and stimulating 

behavior to prosper in an increasingly entrepreneurial society (Audretsch 2014; 

Audretsch et al. 2014).  

 

 
Figure 3.15. Visualized Cluster 4 dendrogram of the key terms, based on the Euclidean distances 

(height) and Ward.D method 
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By distinguishing between two dimensions of the academic 

entrepreneurship context, the task environment and the non-task environment, it is 

possible to further nuance this research cluster’s focus. Research into academic 

entrepreneurship’s task environment explores the quality and effectiveness of 

universities, faculties, departments, and TTOs concerning supporting and 

stimulating academics’ entrepreneurial competencies. For instance, Muscio et al. 

(2016) identified three classes of institutionally defined rules that should be 

considered as an effective incentive to help faculty members to create USO 

ventures: (1) general rules and procedures, (2) rules regulating monetary incentives, 

and (3) rules that affect entrepreneurial risk. 

The research at the level of the non-task environment examines 

institutional factors that affect academic entrepreneurship at regional and national 

levels, such as the extent of government support. For instance, governments and 

universities have proposed relevant initiatives aimed at fostering academic 

entrepreneurship, such as legislative changes, government support schemes, 

university policies, technology transfer offices, entrepreneurial training, and 

education for staff and PhDs students (Bienkowska et al. 2016). The alignment 

between these two foci can be established by developing interaction and knowledge 

exchange channels as well as support mechanisms.  

The fundamental notion of the research in this cluster is the broad, far-

reaching scope of influence of academic entrepreneurship (Gerbin and Drnovsek 

2016; Guerrero et al. 2016). Here, academic entrepreneurship is seen as a tool that 

goes beyond pure business and commercialization aspects – i.e. also having societal 

impacts; for instance, through the creation of new products and services that 

improve quality and convenience while reducing costs, academic entrepreneurship 

can prevent healthcare crises (Itri et al. 2015). Thus, researchers are investigating 

how academic entrepreneurship can promote economic and societal developments 

across the world, as well as the potentially facilitating and hindering factors. 

To support qualitative analysis of the bibliographic coupling’s findings, I 

provide an additional statistical overview. Figure 3.16 illustrates the evolution of the 

academic entrepreneurship literature based on the identified clusters, employing 

bibliographic coupling. Table 3.1 summarizes the identified clusters’ main statistical 

details. 
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Figure 3.16. Distribution of WOS publications on academic entrepreneurship between 2008 and 

2017, per the four identified clusters, based on the bibliographic coupling’s results (n = 587) 

 

The statistical comparison indicates different evolution patterns of 

identified clusters, as well as their importance, based on the number of publications 

and received citations. Figure 3.16 shows that all four identified clusters have 

developed and have received substantial acknowledgment in research. The overall 

trend is positive, showing that the academic entrepreneurship literature has 

experienced expanded greatly in the past five years, starting from 2013. Notably, 

between 2008 and 2013, the academic entrepreneurship research field remained 

relatively neglected. Next, it is possible to observe differences between the identified 

clusters’ evolution patterns. The knowledge transfer and regional economic impacts 

cluster (Cluster 4) has expanded significantly and is still actively developing. While 

the entrepreneurial university cluster (Cluster 1) experienced a strong increase 

between 2014 and 2015, it has leveled off in the past two years. A similar pattern, 

but with smaller numbers of related publications, can be associated with Cluster 2, 
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entrepreneurial identities has remained fairly stable, with some negative 

developments in the past two years. 

Table 3.1 provides a statistical comparison of the key indicators for the 

identified clusters. Compared to the evolution patterns displayed in Figure 3.16, 

some notable differences in the clusters’ relative importance can be observed. While 

Cluster 1 (on the anatomy of an entrepreneurial university) had the highest number 

of publications, the citations were relatively low compared to the clusters on USO 

development and the identities of academic entrepreneurs. To some extent, this 

implies the current trend and popularity of this research domain. These findings 

signal that there is an increasing trend of publications, while the papers’ impacts 

have not yet fully accumulated. Compared to Cluster 3 (on the identity of academic 

entrepreneur), the publication number is lower, while the average citations per 

publication are the highest in the academic entrepreneurship literature. This signals 

that this research domain has evolved into a stable thematic area that includes 

various influential seminal papers. This implies that the main characteristics of 

academic entrepreneurs are well-researched and that most academic 

entrepreneurship authors are now focusing on other research domains. Compared 

to the abovementioned clusters, Cluster 2 (on USO development and tech 

commercialization) has maintained a stable development pattern, and has solid 

relevance in the academic entrepreneurship research field. Finally, Cluster 4 and the 

knowledge transfer and regional economic impacts research fields showed the 

lowest numbers, which is in line with Figure 3.16. This confirmed the previous 

argumentation that entrepreneurial universities are developing and that the 

importance of entrepreneurial activities is increasingly being acknowledged. Table 

3.1 shows that the publications in this cluster were the most recent, on average, 

published mainly in the past two to three years.  This also explains the low number 

of citations, indicating that while this research domain in academic entrepreneurship 

is peaking, it has not yet reached maturity, and more research of this nature is 

expected in the near fu
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Table 3.1. Main statistical indicators of the four clusters and associated publications, based on the bibliographic coupling’s results 

  

Number of 
publications 

Total 
citations 

per cluster 

Average 
citations 

per 
publication 

Average 
existence of 
publications 

in years 

Top 3 most cited articles 
Top 3 most cited 

articles (normalized) 
Top 3 articles with highest 

number of links 

C 1: The anatomy 
of entrepreneurial 
university 

216 1,846 8.55 4.27 

Bramwell & Wolfe (2008); 
129 

Massa & Testa (2008);  
109 

Philpott et al. (2011);  
85 

Secundo (2016);  
5.43 

Guerrero & Urbano 
(2012);  

5.40 
Lam (2010);  

3.21 

Harrison & Leitch (2010); 
 505 

Markuerkiaga et al. (2016); 
472 

Galán-Muros et al. (2017);  
467 

C 2: USO 
development & 
tech 
commercialization  

179 2,493 13.93 4.32 

Wright et al. (2008);  
142 

O'Shea et al. (2008);  
108 

Rasmussen et al. (2011);  
101 

Fisher et al. (2016);  
6.79 

Clarysse et al. (2014);  
4.07 

Hayter (2016);  
4.07 

Perez & Carrasco (2009);  
466 

Visintin & Pittino (2014);  
462 

Rasmussen et al. (2014);  
461 

C 3: The identity 
of academic 
entrepreneur 

106 2,186 20.62 4.30 

Bercovitz & Feldman 
(2008); 245 

D'Este & Perkmann (2011); 
155 

Grimaldi et al. (2011);  
155 

Bozeman et al. (2013); 
6.82 

D'Este & Perkmann 
(2011);  

4.91 
Grimaldi et al. (2011); 

4.91 

O'Kane et al. (2015);  
496 

Abreu et al. (2016);  
478 

Huyghe et al. 92016);  
466 

C 4: KT and 
(regional) 
economic impact 

86 547 6.36 2.66 

Clarysse et al. (2011);  
69 

Prodan & Dmovsek (2010); 
67 

van Burg et al. (2008);  
50 

Guerrero et al. (2015); 
6.64 

Guerrero et al. (2016); 
6.33 

Audretsch (2014);  
4.07 

Huyghe & Knockaert 
(2015); 468 

Guerrero & Urbano (2014); 
458 

Meusburger & Antonites 
(2016);  

449 
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3.4. Discussion and Future Research Agenda 

 

I have responded to calls to synthesize the latest developments in the 

academic entrepreneurship literature and to come up with an informed roadmap 

that stimulates relevant and interesting future research (Bozeman et al. 2013; 

Rothaermel et al. 2007; Siegel and Wright 2015). I conducted a comprehensive 

quantitative analysis of the evolution of the academic entrepreneurship literature, 

carving out established themes. Further, I will consolidate these findings with the 

emerging trends indicated by the bibliographic coupling’s results. Generally, the 

results suggest that there are four thematic clusters, which should draw interest from 

researchers, university managers, practitioners involved in collaborative activities, 

and policymakers.  

The findings of this paper indicate that the academic entrepreneurship 

research field can be analyzed from the perspective of four interconnected elements: 

(1) the entrepreneurial university, (2) USOs, (3) academic entrepreneurs, and (4) the 

entrepreneurial environment in which all these elements are embedded in order to 

transfer the knowledge and technologies developed at the parent university, as well 

as to commercialize the research outcomes to stimulate regional economic and 

societal development. Specifically, the bibliometric literature analysis results indicate 

that this research domain can be linked within the academic entrepreneurship 

ecosystem. The results are in line with previous research, and indicate that academic 

entrepreneurship is a dynamic, multilayered ecosystem with actors at the individual, 

organizational, and institutional levels (Audretsch et al. 2019; Guerrero and Urbano 

2012; Harrison and Leitch 2010; Hayter et al. 2018; Miranda et al. 2018; Perkmann 

et al. 2013). 

Concerning the individual level, this paper has addressed academic 

entrepreneurs’ identities and has explored the characteristics that drive the 

researchers’ entrepreneurial intentions and external determinants that either 

facilitate or hinder entrepreneurial activities. However, further research is needed to 

nuance our understanding of how psycho-social characteristics shape academic 

entrepreneurs’ behavioral intentions (Clarysse et al. 2011; Goethner et al. 2012). A 

very promising research avenue would be to focus on the identity struggles 

academics experience when engaging in entrepreneurship (Bozeman et al. 2013; Jain 

et al. 2009). Since entrepreneurial identity could also be shaped by external factors, 

future research could investigate the policy developments and university 

governance modes that have the potential to stimulate innovations among 

academics (Astebro et al. 2012). Further, and generally, the entrepreneurial process 
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is considered to make high demands of every individual entrepreneur (Hatak et al. 

2015), and this process may be exacerbated in hybrid academic entrepreneurship, 

with the academic entrepreneur working for both the university and their own 

business, which may affect their identity struggles and wellbeing levels. In  a similar 

vein, there is a lack of studies investigating the role of individual psychological 

attributes such as risk tolerance and ambiguity on the academic entrepreneurs’ 

ability to discover technological- and exploit the entrepreneurial opportunities 

(D’Este et al. 2012). Similarly, individual incentives and motivations determining 

the primary engagement channels (e.g. patenting, USO creation, joint research, 

contractual research, consultancy) of academic entrepreneurs and the related 

business outcomes require further investigation (D’Este and Perkmann 2011).  

Another auspicious direction for future research focuses on development 

of academic spin-off ventures by nascent academic entrepreneurs and the need to 

acquire or develop entrepreneurial competencies (see e.g. Oosterbeek et al. 2010; 

Rasmussen et al. 2011, 2014). While prior studies have investigated the importance 

of entrepreneurial competencies on venture performance, more insights are 

necessary to examine development processes of the entrepreneurial competencies 

and potential inhibitors on individual, organizational and institutional levels 

(Gümüsay and Bohné 2018), calling for in-depth qualitative and quantitative 

examination, especially regarding the competencies required in the different 

academic entrepreneurial lifecycle stages (Clarysse et al. 2011; Rasmussen et al. 

2014) as well as meta-analyses. 

At the organizational level, I examined the roles of entrepreneurial 

universities and USOs, which are considered effective tools for research 

commercialization. The findings present a list of activities undertaken by 

entrepreneurial universities and the role of the university’s third mission evolution. I 

also presented the USO development phases and the necessary transitions in order 

to reach sustainable returns. 

From the entrepreneurial university perspective, the findings of the 

bibliometric analysis signal the need for a more in-depth understanding of the role 

of entrepreneurial university in the entire ecosystem of academic entrepreneurship 

and its related contributions. More specifically, future studies should address the 

processes associated with the development of strategies, structures, and culture that 

strengthen an entrepreneurial university, supported by specialized education and 

training as a flourishing field for progress (Guerrero and Urbano 2012). 

Additionally, a vital research direction calling for future studies focuses on a 

development of effective support mechanisms and strategic decisions in 
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entrepreneurial universities fostering academic entrepreneurship. For instance, 

there is a lack of studies addressing the impact of strategic choices regarding the 

type of support for university spin-offs and student/young graduate start-ups, and 

more deeper investigation of university’s entrepreneurial mission determining the 

level of support and entrepreneurial outcomes (Marzocchi et al. 2017).  

Another promising avenue for future studies addresses the impact and 

effectiveness of TTO’s. Thus, understanding not only the resulting outcomes of 

TTO’ engagement, but also learning about the reasons why academic ventures 

bypass a local TTO, how often, and what are the consequences of such decision is 

of critical importance (Huyghe et al. 2016). Next to that, future studies should 

investigate the interaction of different hierarchical levels of university support for 

academic entrepreneurship (i.e. from supervisor and colleagues, to research groups 

and departments, and finally to faculty to central administration)  (Bienkowska et 

al. 2016) in order to design enhanced support systems for academic 

entrepreneurship.  

From the USO perspective, more in-depth research is needed to 

understand why many USOs cannot overcome the liability of newness and 

smallness and fail at the early stage, or remain small and do not generate the 

expected returns, despite the availability of support mechanisms on university and 

policy levels (Fini et al. 2017; Fisher et al. 2016; Hesse and Sternberg 2017). To 

tackle this major research problem, several research directions need to be 

highlighted. For instance, further analysis is necessary concerning the interplay 

between the availability of resources and specific goals of potential entrepreneurial 

endeavors (Bozeman and Boardman 2013; Rasmussen et al. 2014). In the context 

of USOs, further research is needed to determine the key differences in necessary 

tangible and intangible resources at different USO development stages (Rasmussen 

and Wright 2015).  

Furthermore, an important set of research questions relates to the link 

between the USO and competence creation processes. Building and extending the 

research by Danneels (2002, 2008), scholars could further improve the 

understanding of how competence creation processes differ among USO types 

(Colombo and Piva 2012). For instance, scholars may want to understand how 

different USOs develop their competences, how they shape and define the strengths 

of their firms, and how USOs renew their existing competences. Another research 

question relates to the heterogeneity of USO outcomes that are achieved by USOs 

with different competence portfolios. Here, scholars could focus on how different 

USOs in terms of their competences shape growth in both the business sphere and 
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the academic sphere. Next to that, studies focusing on network analysis in the 

context of academic entrepreneurship will form an important future research 

stream. Specifically, more research can be conducted into the importance of 

network centrality and the role of structural holes in relation to various business 

outcomes (Diez-Vial and Montoro-Sanchez 2017b), but also into the evolution of 

social networks among faculty and graduate student entrepreneurs and the role of 

knowledge intermediaries therein to compare USO success leveraged by academic 

and non-academic contacts (Hayter 2016).  

Nevertheless of the increasing number of studies addressing the success 

factors of USOs and early assessment of USO business potential, there is a lack of 

in-depth studies addressing the complex process of USO project evaluations in 

terms of financial support by means of public and non-public funding (Kim et al. 

2019). Thus, a promising future research avenue would be to examine factors 

determining a positive funding outcome and processes driving evaluator decisions. 

Another worthwhile future research focus is the systematic evaluation of failed 

academic entrepreneurship projects and collaborations, in conjunction with the 

(lack of) support from the university, which could reveal new success factors 

(Bozeman et al. 2013), besides tackling the success bias in entrepreneurship research 

generally.  

Further, additional research is needed into the impacts of student and 

young graduate entrepreneurship and their ventures, which constitutes an emerging 

source of discontinuous innovations (Astebro et al. 2012; Siegel and Wright 2015). 

Students and young graduates not only form a driving force of academic spin-off 

establishment, but also are able to connect other academic entrepreneurs to 

academic and non-academic contacts from previous entrepreneurship programs, 

events, and experiences. Thus, more research is needed exploring the contributions 

of student- and graduate-led ventures, as well as their strengths and weaknesses 

(Hayter 2016). In order to grasp the various effects of entrepreneurial universities 

and academic ventures, additional research is necessary to develop new short-term 

and long-term success indicators, such as citation impact to include quality measure, 

and IPO, profitability, sustainable growth to include economic indicators. This is 

relevant for assessing the impact of governmental support mechanisms, and 

improvement of early-stage investment decision making, as well as further 

assessment by venture capitalists (Clarysse et al. 2014).  
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At the institutional level, I have addressed the increasing importance of 

academic entrepreneurship and universities’ evolution from education-oriented to 

more entrepreneurially-oriented institutions. I have addressed the process of 

knowledge and technology transfer and the related entrepreneurial environment in 

the research institutions, and acknowledge the potential to generate new economic 

and societal value.  

At the institutional level, governmental authorities and universities should 

collaborate to ensure consistent support during various academic entrepreneurship 

stages. However, more research is needed to help us to understand the challenges 

of setting up such collaborative agreements between academic and institutional 

actors, and the critical mechanisms for the governance and sustainability of such 

networks to establish an entrepreneurial environment (Audretsch et al. 2019). 

Specifically, future studies should focus on institutional differences’ roles in terms 

of multiple dimensions such as regulative, normative, and cultural institutions for 

academic entrepreneurship, and should explicitly address the interactions between 

nested variables (Bozeman et al. 2013), and ensure distributed value creation for 

economic, technological and societal benefits. Furthermore, it is worthwhile to 

examine to what extent is it possible to replicate such ecosystems in different 

environments (Audretsch et al. 2019).  

Also, we need a greater emphasis on contextual dynamism, in terms of 

legislative and institutional changes (Fini et al. 2011). Here, historical and 

multidisciplinary research approaches are required. Since the vast majority of the 

research into academic entrepreneurship has been conducted in developed 

economies, future research should explore its effectiveness concerning stimulating 

economic and societal development in emerging countries (Gonzalez-Pernia et al. 

2013). In particular, future studies could examine various modes of interaction, the 

kind of knowledge and resources shared between universities and firms, and the 

outcomes generated from these interactions in developed countries (Zavale and 

Langa 2018). 

Here, and in line with the research directions proposed by Siegel and 

Wright (2015), I recommend broadening the focus to new forms of academic 

entrepreneurship, including social and green/clean academic entrepreneurship 

(Colombelli and Quatraro 2019; Doblinger et al. 2019). A promising line of research 

could be to explore the impact of accelerating clean energy and green technology 

innovations to mitigate climate change and enhance competitiveness of advanced 

countries by designing new policies on university- and institutional levels. Further, 

to enable the generation and comparability of substantial findings on academic 
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entrepreneurship that can inform policymakers’ decisions, future research should 

develop and use advanced metrics that enable capitalization on academic 

entrepreneurship as a tool to strengthen regional/national economic and societal 

development (Bozeman and Boardman 2013; D’Este et al. 2018; Siegel and Wright 

2015).  

 

3.4.1. Limitations and future research avenues 

 

While this bibliometric literature analysis has presented a list of important 

findings, it has limitations, which provide future development areas. First, I have 

covered a broad scope of academic entrepreneurship literature based on a specific 

search query that enabled me to highlight key elements of this research field. 

However, including additional keywords in a search query could lead to the 

development of a more comprehensive dataset and, thus, to additional empirical 

insights. Second, the constructed dataset had a scope of 10 years. Experimenting 

with additional time periods can lead to the identification of additional articles, 

especially potentially seminal work on academic entrepreneurship, and can therefore 

present additional perspectives. Similarly, since the main goal was to build on the 

literature to identify current themes and emerging trends, bibliometric analysis is 

restricted to the bibliographic coupling technique. Thus, extending results with co-

citation analysis, co-occurrence analysis, and other quantitative literature review 

methods can provide additional insights and key elements on the path to developing 

a comprehensive understanding of the academic entrepreneurship ecosystem. 

Finally, further research can significantly benefit from application of advanced 

computational methods. For instance, topic modelling and other unsupervised 

machine learning methods can improve the scope and level of bibliometric analysis 

in future studies.  

 

3.5. Conclusion 

 

This paper investigates the current state of the academic entrepreneurship 

research field and detects new emerging research patterns by employing both 

quantitative and qualitative methods of analyses. Specifically, by using bibliographic 

coupling technique, this paper consolidates the main research streams of the past 

10 years and contributes new complementary insights  into the understanding of 

the complex and inter-connected nature of the research field. By using text mining 

and hierarchical clustering technique, and content analysis to support the 
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interpretation of the key findings, this paper responds to a call by Miranda et al. 

(2018) to integrate a combination of various analytical techniques to foster a further 

development of this research field.  

Additionally, based on a comprehensive content analysis, this paper 

outlines a nuanced research agenda of new emerging trends with valuable 

implications for academics and policy makers. I hope this research agenda will spur 

more systematic and robust research encompassing the assessment of new 

interlinkages of under-explored determinants of academic entrepreneurship on 

individual, organization and institutional levels. New findings will be of critical 

importance to assess and facilitate further technological, economic, and societal 

advancements on regional, national, and international arena. 



 

 

 

 



 

 



 

 

 

CHAPTER 4: 

  

What Drives University Spin-Off  
Funding and Survival?  

 
An Analysis of University Spin-Off 

Characteristics at the Early Stage of  
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Abstract 
 
 

Relying on university spin-off (USO) development theorising in conjunction with a 
capability perspective, this research examines how early stage technology, market, 
individual and team characteristics of USOs influence their development in terms 
of securing funding and surviving on the market. Using data from 104 USO funding 
proposals, our empirical analysis shows that for USOs, their technological 
capabilities positively contribute to funding success, while their marketing capability 
is positively associated with both acquiring funding and business survival. 
Moreover, professorial leadership and USO team size are positively related to 
business survival. Importantly, the positive relationship between marketing 
capability and USO survival can be strengthened by learning and leveraging 
previous funding failure experience. As such, the findings highlight the long-term 
benefits of the individual USO leader’s positive academic experience and prior 
negative business experience, and also that USO technological and marketing 
capabilities have implications for technology and innovation management theory, 
current and future university spin-offs, as well as for policy makers. 
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4.1. Introduction 

 

 In light of the increasing importance of academic entrepreneurship, 

university spin-offs (USOs) have been discussed as effective mechanisms for 

technology transfer and research commercialisation contributing to the economic 

and societal development on regional and national levels (Criaco et al. 2014; Fini et 

al. 2017). At the same time, the process of initiating USOs has been associated with 

high uncertainty and complexity, with many USOs failing at an alarming rate, 

especially in the early stages of the commercialisation process (Cozijnsen et al. 2000; 

D’Este et al. 2016). It seems clear that more insight is needed in the reasons for 

early-stage USO failures.  

In this study, we therefore examine how early-stage USO project and team 

characteristics can be shaped to overcome the initial phases of spin-off 

development in terms of securing funding as a leverage for further growth and long-

term survival (Colatat 2015). To this end, we integrate USO development and 

capability approaches (Rasmussen and Borch 2010; Vohora et al. 2004), venture 

capitalist and business planning literature, and learning theory. 

Vohora et al. (2004) identified five stages and four ‘critical junctures’ of USO 

development. This study focuses on USOs that transfer from the research phase to 

the opportunity framing phase, and then to the pre-organisation phase, facing 

opportunity recognition and entrepreneurial commitment ‘junctures’. By 

successfully passing these phases and junctures, USOs are able to reach the 

credibility threshold. We examine whether and how different degrees of 

technological capability and marketing capability influence the transition between 

the initial USO development phases. In order to reach technological feasibility of 

the project, USOs would have to focus on demonstrating a viable technological 

solution with high innovative potential, and development of IP portfolio. 

Correspondingly, we argue that USOs should strive for a higher degree of market 

capability by means of comprehensive market segment and potential customer 

demand evaluation. 

Additionally, we suggest that an important element on the path of USO 

development is the availability of a committed entrepreneurial team with high levels 

of expertise in a specific research field. Entrepreneurial teams play an important 

role in the evaluation of business plans by investors (Franke et al. 2008). They also 

play a role in the success of an USO, especially if they include professors that have 

a high number of strong ties gained by prior experience in consultancy or university-

industry collaboration (Rasmussen et al. 2011). Professors add their advanced 
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knowledge and high expertise contributing to the continuous technology 

advancements. 

Inspired and based on learning theory, we further assume that by experiencing 

a failure in the funding process, USO founders gain crucial entrepreneurial 

experience and learn from the process itself, and therefore prepare for future 

challenges. This, in combination with strong marketing capability, improves USOs’ 

potential from the funding agency perspective, as well as overall market survival. 

In this paper, we develop and test hypotheses on a sample of 104 Dutch 

university spin-offs by examining the effect of the early-stage USO characteristics 

on the likelihood to acquire funding for research commercialisation in the early 

stage of USO development, as well as foster a continuous development and survival 

on the market.  

Thus, this paper addresses the following research question: What is the impact of 

early-stage university spin-off characteristics on the likelihood to acquire funding and survive on the 

market? 

Our results show that in the early stage of a USO, technological and marketing 

capabilities, professorial leadership, learning from failure experience and team size 

can increase the likelihood to acquire funding for research commercialisation and 

develop a stable high-tech venture. These results offer relevant implications for 

academic entrepreneurs, practitioners and policy makers interested in fostering 

research commercialisation and USO development in particular. 

The study is structured as follows. In the following section, we introduce the 

theoretical background and develop hypotheses. Next, the main results of binary 

logistic regression are presented. Furthermore, we elaborate the main findings and 

discuss the main implications for academics, practitioners and policy makers. 

Finally, limitations of this study are outlined. 

 

4.2. Theoretical Framework & Hypotheses Development 

 

4.2.1. The Role of Technological Capability for USO Development 

 

University spin-off (USO) development is a complex, multi-stage process that 

requires vast amounts of resources and knowledge. In the early stages of USO 

development, academic entrepreneurs are facing increasing levels of hazards due to 

lack of operation and production history, insufficiently developed relationships with 

suppliers and customers, as well as the need to verify USO’s technological and 

commercial validity (Islam et al. 2018). Vohora et al. (2004) identified the following 
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stages of USO development: (1) research phase; (2) opportunity framing phase; (3) 

pre- organization phase; (4) re-orientation stage; and finally (5) sustainable returns 

phase. Each phase consists of a specific set of activities that need to be completed 

in order to reach the next stage of development, and eventually achieve sustainable 

returns and stable market position. 

In the context of academic entrepreneurship, USO development is based on the 

research outcomes of scientists engaging in commercialisation activities. This 

implies that during the research phase a fundamental technology is investigated and 

developed and later becomes the core aspect of further venturing activities. This 

study is mainly focused on the opportunity framing phase: examination of the 

potential in pursuing further commercialisation of the recognised opportunity by 

means of a technology developed at the parent university, and eventually reaching 

the threshold of credibility. The key hurdle is to ensure that the proposed 

technology is feasible for application outside the laboratory and to verify its 

potential to pass subsequent phases and reach the commercialisation stage. USOs 

are associated with high levels of risk and uncertainty, therefore it is of vital 

importance to develop a sufficient degree of technological capability and meet the 

technology feasibility expectations of the potential funding parties and other 

stakeholders (Rasmussen et al. 2011). Prior research devoted notable attention to 

examine the impact of technological capability (Kang et al. 2017). Yet, there is no 

common definition, and therefore for the purpose of this study we define 

technological capability as the USO’s ability to exploit their research-based 

technological resources and demonstrate their feasibility and the associated degree 

of innovativeness. For high-tech ventures, a higher degree of technological 

capability and stronger patent portfolio create a more favourable position to acquire 

complementary assets and skills, as well as to receive higher market valuation (Baum 

and Silverman 2004).  In addition to entrepreneurial benefits of holding a strong 

patent portfolio - such as exclusive competitive position - patentability enhances 

the USO’s technological feasibility. USOs with higher technological capability and 

a strong patent portfolio can increase their negotiating power, improve the 

coordination of the innovation process, facilitate cooperation between the firms 

and reduce risks in partnerships (Fontana et al. 2006; Guerzoni et al. 2014). 

Importantly, the USO’s patent portfolio signals to existing and potential 

stakeholders the venture’s technological capital and technological and scientific 

competences. Furthermore, the ability to demonstrate technological capabilities in 

the nascent stage by means of feasibility tests and trial product development, 

indicates the core team’s expert knowledge in the research field (Walter et al. 2016). 
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Furthermore, researchers involved in patenting and feasibility tests seem to achieve 

higher publication outputs, thus indicating high expertise. In line with this, we 

predict that USOs that have a higher degree of technological capability are expected 

to pass the USO development phases and have higher commercialisation potential. 

 

We propose the following hypotheses based on the above: 

 

H1a: The degree of technological capability of the USO has a positive effect on the likelihood 

to acquire funding for commercialisation activities. 

H1b: The degree of technological capability of the USO has a positive effect on venture survival. 

 

4.2.2. The Role of Market Capability for USO Development 

 

Following on the discussion in the previous section on opportunity 

framing, the second crucial element of this phase is the commercialisation potential 

(Vohora et al. 2004). Next to the technological feasibility, the understanding of how 

to access markets and other related commercialisation activities is a key component 

of the USO development. According to Vohora et al. (2004), the USO needs to 

make successful transitions between identified development phases to reach its full 

potential and sustainable returns. These transition phases create the so-called 

‘critical junctures’ that are characterised as complex problems that: “occur at a point 

along a new high-tech venture’s expansion path preventing it from achieving the 

transition from one development phase to the next” (p. 159). Four ‘critical 

junctures’ were identified by Vohora et al. (2004): (1) opportunity recognition, (2) 

entrepreneurial commitment, (3) venture credibility, and (4) venture sustainability. 

A critical juncture on the path of reaching the threshold of credibility is the 

opportunity recognition juncture as it occurs at the interface of the research phase 

and opportunity framing phase that is of particular interest in this study. 

Opportunity recognition entails capturing ideas that stimulate an evaluation, as a 

precursor to the formation of commercialisation effort. More specifically, 

opportunity recognition characterises an ability to synthesise the scientific 

knowledge and specific market understanding on how to serve these markets and 

exploit the generated technology.  Thus, opportunity recognition requires a 

marketing capability that captures the USO’s ability to frame and revise the scientific 

knowledge into a viable business opportunity, based on the understanding of 

market needs and actor needs involved in this market. We follow the notion of 

Bruni and Verona (2009), and refer to marketing capability as a construct that 
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includes human capital, social capital and the cognition of managers involved in the 

creation, use and integration of market knowledge and marketing resources in order 

to match and create market and technological change. In this study, we refer to 

market knowledge as related to knowledge of selected markets and market 

segments, competitors, potential sales, and market forecasting insights, while 

marketing resources refer to tangible and intangible assets such as partnerships with 

launch customers and access to (partner) production and distribution channels. 

We further draw on venture capitalist literature where market criteria are 

well-established criteria of the new venture evaluation process (Franke et al. 2008; 

Hall and Hofer 1993; Kollmann and Kuckertz 2010; Mason and Stark 2004). The 

importance of market capability lies in a dynamic nature of technology adoption life 

cycle, and the need to predict the market needs in different stages of the technology 

adoption life cycle. Moreover, market forecasting is associated with high complexity 

due to complications in assessing the customer reaction (De Coster and Butler 

2005). In order to extend the understanding about the market and customer needs, 

a USO can include market sources of knowledge by integrating organisations from 

its value chain, such as lead customers and external partners. Firms with extended 

marketing capability will be well-informed about the market needs and more 

capable of adjusting their innovative activities, decreasing the risk of failure of the 

USO in the early stages (D’Este et al. 2016). 

 

Based on this argumentation, we expect USOs with higher marketing capability to 

be in a more advantageous position, compared to USOs with lower marketing 

capability, and propose the following hypotheses: 

 

H2a: The degree of marketing capability of the USO has a positive effect on the 

likelihood to acquire funding for commercialisation activities. 

H2b: The degree of marketing capability of the USO has a positive effect on venture 

survival. 

 

4.2.3. The Role of Scientific Advisory & Professorial Leadership on the 

USO development 

 

The quality of human capital is recognised as a vital determinant of success 

in the process of high-tech USO development (Criaco et al. 2014). To a large extent, 

high-tech USOs are based on a development of core technology that builds the new 

venture’s competitive advantage. Therefore, the USO needs continuous access to 
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advanced knowledge and strong expertise to successfully enter the market and 

remain competitive (Visintin and Pittino 2014). Continuous access to cutting-edge 

knowledge and information depends on the degree of scientific excellence within 

the core team of the USO. In this study, we define scientific excellence as 

professorial leadership, that is – the USO’s core team includes a senior academic at 

the level of full professor (O’Shea et al. 2005; Tartari et al. 2014). 

USOs that involve higher ranked academics in the development process of 

innovative technologies gain an access to expert knowledge and valuable experience 

in a particular research field, which is of critical importance in case of high-tech 

venture development. The presence of an expert in a research field provides the 

USO with higher control over development of technology and a stronger link with 

the parent university. 

In addition to that, professorial leadership in the USO provides a valuable 

mechanism to develop a strong network of connections based on a higher degree 

of strong ties possessed by the senior academic. This increases the levels of trust 

and legitimacy of the USO, enabling USOs to overcome the liabilities of newness 

and smallness (Criaco et al. 2014). Correspondingly, USOs would have more 

options to develop additional technological alliances and attract new, international 

partners, as well as additional resources for the USO development. 

Thus, by establishing professorial leadership in a team in the field related to senior 

academic’s expertise, the USO is able to secure access to cutting-edge research 

outcomes, a strong network and high credibility. These factors signal high levels of 

technological competence to the funding agencies, as well as prevent failure in the 

early stages of the USO development. 

 

Based on this argumentation, we propose the following hypotheses: 

 

H3a: The professorial leadership of the USO has a positive effect on the likelihood to 

acquire funding for commercialisation activities. 

H3b: The professorial leadership of the USO has a positive effect on venture survival. 
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4.2.4. The Role of Failure Experience on the USO development 

 

Finally, we propose that learning from and exploiting previous failure 

experience might play a role between both the USO’s technological and marketing 

capabilities and the process of acquiring funding, as well as new venture’s survival. 

Failure has been acknowledged as a notable element in entrepreneurship literature 

and is considered as a precursor for transformational learning (Cope 2011; 

Shepherd et al. 2014; Yamakawa et al. 2015). Existing research refers to failure as 

termination of an initiative to create value that has failed to reach its goals (Hoang 

and Rothaermel 2005; Shepherd et al. 2014). In this study, we refer to funding failure 

as previous experience of rejection in acquiring funding for the USO development 

activities in the initial stages of development. 

Prior research has shown that failure experience can be an important source 

for development of critical knowledge and competencies that can be highly 

beneficial in subsequent venturing activities, uncovering the causal antecedents to 

failure (Mueller and Shepherd 2016; Yamakawa et al. 2015). However, 

entrepreneurs vary in their abilities to maximise the learning effect, based on their 

individual characteristics and the context they are embedded into (Shepherd et al. 

2011). Previous studies indicate that it is a prerequisite that the domain within which 

failure occurs is familiar to the entrepreneurs in order to recognise and interpret the 

outcomes (Sitkin 1992). Previous experience and familiarity in a certain domain 

enable entrepreneurs to interpret the cause and effect relationships surrounding the 

failure experience more comprehensively, as well as foster a development of new 

guidelines for the future entrepreneurial activities.  

Moreover, experts process information differently than non-experts, where 

high experience stimulates the development of rich, organised systems of 

knowledge and more in-depth judgments (Mueller and Shepherd 2016). This study 

focuses on academic entrepreneurs who engage in research commercialisation 

activities and the USO development processes within their fields of expertise, and 

in a vast majority of cases, these academic entrepreneurs hold leading positions in 

their research fields. Thus, we expect that researchers who experienced funding 

rejection possess the necessary capabilities to fully comprehend their failure 

experience and generate new insights for further venturing activities. 

In addition to that, previous failure experience can be highly useful during 

the technological feasibility and business opportunity identification process. During 

this mode of processing, entrepreneurs invest vast amounts of resources and time 

to fully understand the problems and potential challenges, and as a result, the 
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complexity and extensiveness of entrepreneur’s mental models increases due to the 

exploration of new determinants and new causal relationships (Mueller and 

Shepherd 2016). Therefore, we expect that previous failure experience in 

combination with higher technological capability or marketing capability should 

enhance the funding success and contribute to USOs survival.  

In line with this, we argue that researchers with previous failure experience 

can leverage their technological capability by exploiting additional insights not only 

to meet current state-of-the-art requirements with regards to technology, but also 

to avoid potential pitfalls in the research commercialisation process, related but not 

restricted to: prototype development, field testing, production facility arrangement, 

mass production and customisation, etc. Marketing capability, in turn, encompasses 

the opportunity identification process by means of market segment and potential 

customer demand identification. Thus, researchers who experienced funding failure 

in the initial stages of the USO development, while continuing the research 

commercialisation process, can benefit from additional insights and expertise, 

which enhances the chances for funding success in later stages as well as prevents 

repetitive failure in the future. 

 

Based on this discussion, we propose the following hypotheses: 

 

H4a: The positive effect of technological capability on the likelihood to acquire funding 

for commercialisation activities is positively moderated by funding failure experience. 

H4b: The positive effect of technological capability on venture survival is positively 

moderated by funding failure experience. 

H4c: The positive effect of marketing capability on the likelihood to acquire funding for 

commercialisation activities is positively moderated by funding failure experience. 

H4d: The positive effect of marketing capability on venture survival is positively 

moderated by the funding failure experience. 

 

 

 

 

 

 

 

 



 

120 

 

4.3. Data & Methods 

 

4.3.1. Sample & Data Sources  

 

To analyse our hypotheses, we use data from the Valorisation Grant (VG) 

programme managed by the Dutch national science foundation. The VG is a 

subsidy granted to researchers with entrepreneurial intentions for development of 

innovative high-tech activities and university spin-offs on the basis of their 

knowledge and research outcomes developed at the university or research institute.  

The VG consists of two phases: Phase 1 is the feasibility study with a 

maximum funding of 25,000 Euro that has to be completed within six month. 

Projects that successfully complete Phase 1 can submit their applications for Phase 

2 - the valorisation phase with a maximum subsidy amount of 200,000 Euro (DSF 

Annual Report, 2014). Phase 2 projects which received the funding have to be 

completed within two years, including an interim evaluation. The majority of the 

applicants for the VG funding are researchers from the leading Dutch (technical) 

universities, such as Delft University of Technology, Eindhoven University of 

Technology, University of Twente, Leiden University and affiliated research 

institutes (e.g. Radboud University Medical Center, University Medical Center 

Utrecht).  

In this paper, we analyse 104 project proposals submitted to the VG Phase 

2 in the period of 2007 – 2014. Our decision to focus on the VG Phase 2 

applications is twofold: (1) in Phase 1, a vast majority of applications are in the first 

stages of commercialisation process and remain in the form of a research project 

aiming to confirm the feasibility study requirements in the first place; (2) in Phase 

2, the proposed technology/product/service is related to an actual start-up 

company that is actively preparing for the commercialisation stage, which therefore 

enables us to conduct an analysis of funding decision and USO survival.  

In order to construct our dataset, we selected proposals in English that 

comprise elements that are closely associated with success factors of (early-stage) 

entrepreneurship such as technological and scientific potential, commercialisation 

potential, IP rights, project composition and entrepreneurial motivation. Next, we 

selected proposals that mentioned the main project applicant and possible co- 

applicants, as well as the core team members.  

In order to obtain data for construction of the variable on funding decision, 

we selected proposals where a dichotomous funding decision was provided to the 

authors by Dutch science foundation. In order to collect data on the survival status 
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of the USOs included in our final dataset, we used the LexisNexis company 

dashboard to identify the firm activity status and financial performance in the past 

years. In order to validate our findings, we searched USO profiles on LinkedIn and 

Crunchbase. Additional information was obtained by contacting engaged scholars 

and retrieving data from USO corporate websites and linked social media accounts.  

Furthermore, we conducted a comprehensive content analysis of proposals 

included in the final sample to develop our variables. Content analysis enabled us 

to retrieve key information concerning the USO’s selected market assessment, 

partnerships with launch customers, sales forecasting and overall planning of 

commercialisation activities, names and total number of project (co)applicants, total 

number of team members, besides the main content of project proposals. Since 

comprehensive assessment of the USO’s technological capability requires a vast 

expertise in different high-tech industries (e.g. nano-technology, bio-technology, 

pharmaceuticals and medicine, etc.), we relied on VG evaluation committee 

member expertise and retrieved their assessment scores from the evaluation reports 

provided to authors. 

Finally, the VG programme is divided in separate application periods called 

‘rounds’. In general, 2 rounds of applications are scheduled per year. Thus, we 

collected information for each selected project concerning regarding the period of 

time (‘round’) it was submitted in Phase 1 and Phase 2. In 2014, the VG programme 

was re-structured and currently exists as Take-off programme, whereby the funding 

is extended as a loan, not a grant.   

 

4.3.2. Measurements of Constructs  

 

4.3.2.1. Dependent variables  

We use two dependent variables in this study. The USO development funding 

acquisition for commercialisation activities is a binary variable. It takes the value of 

one [1] if the USO development project acquired funding for commercialisation, it 

takes the value zero [0] if USO development project did not acquire funding for 

commercialisation. The USO survival is a binary variable, which takes the value of 

one [1] if the USO development project turned into a start-up that exists after 5 

years from the founding moment. The USO survival takes the value zero [0] if the 

USO development project failed and start-up ceased to exist. 
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4.3.2.2. Independent variables  

In line with theoretical and empirical arguments in previous sections, we 

use four independent variables. While measuring technological capability has 

garnered a vast interest in prior research (Kang et al., 2017), many studies fail to 

comprehensively measure this capability, especially in the context of nascent USOs. 

Therefore, we rely on retrieved data from high-tech industry expert evaluations and 

measure Technological capability on an ordinal scale from 0 – 4. It is evaluated with 

zero [0] if the USO is not able to demonstrate technological feasibility, and much 

additional research of provided technology is required. It takes the value of one [1] 

if the USO is able to demonstrate technological feasibility to a limited degree, and 

additional research is necessary. It takes the value of two [2] if the USO 

demonstrates technological feasibility and meets the current technological 

requirements (state-of-the-art). It takes the value of three [3] if the USO 

demonstrates a noticeable improvement or advantage over existing technological 

solutions, and it takes the value of four [4] if the USO demonstrates innovative 

technological solutions with a breakthrough potential.  

Marketing capability is measured on an ordinal scale from 0 – 3, and is based 

on a previous study by De Coster & Butler (2005). It takes the value of zero [0] if 

the USO has not identified any specific market segment, and no potential customers 

are described. It takes the value of one [1] if the USO has conducted preliminary 

market research, leading to an identification of broad market segments and potential 

customers. It takes the value of two [2] if the USO has clearly identified the market 

segment and potential customers, broadly estimating market potential and sales. It 

takes the value of three [3] if the USO has clearly identified market segment and 

potential customers, comprehensively forecasting market potential, sales and 

expected cash flow, and a clear demand for technology/product/service is 

confirmed by lead customers interested in further cooperation.  

The USO professorial leadership is a binary variable. It takes the value of one 

[1] if the USO development project team is led by an academic at the level of full 

professor as main applicant or co- applicant, and it takes the value of zero [0] is the 

USO project is not led by an academic at the level of full professor.  

The Funding failure experience is a binary variable. It takes the value of one [1] 

if the USO’s main project applicant has experienced funding failure, i.e. any 

application by the USO’s main project applicant was not (initially) funded in the 

first phase of submission, at the feasibility study stage. It takes the value of zero [0] 

if the USO’s main project applicant has not experienced funding failure, i.e. the 
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application(s) was (were) funded in the first phase of submission, at the feasibility 

study stage, and could be advanced to the second phase. 

 

 4.3.2.3. Control variables  

This study’s empirical model controls for other determinants that are likely 

to impact USO funding and survival on the market. First, we control for team size, 

measured as total number of team members as indicated in the USO project 

proposal. Larger teams possess higher chances for technological diversity creation 

and new knowledge generation, which might be important for the new high-tech 

venture development (Der Foo et al. 2005; van Rijnsoever et al. 2015). Based on 

our content analysis of USO project proposals in Phase 2, larger teams have a more 

heterogeneous composition and clearly distributed roles among the team members. 

This implies that a USO is led by a core team of managers and developers, 

supported by an experienced team of scientific and business advisors. Additionally, 

we expect that the project development speed might signal USOs technological 

capabilities and technological readiness to enter the market. We measure project 

development speed as a period of time from receiving a feasibility funding in Phase 1 to 

the moment of application for Phase 2 funding. As briefly explained previously, the 

VG programme consists of 20 application rounds in total, with 2 rounds of 

applications per year. Our dataset consists of applications from round 7 to round 

20. Thus, we control in which round the project from our final sample received a 

feasibility funding in Phase 1 and how many rounds were necessary to apply for the 

Phase 2 funding. We expect that USOs that required less time for project 

development and advancement to the commercialisation stage might possess 

stronger technological capabilities and higher market readiness 

 

4.3.3. Data Analysis  

To test our hypotheses, we applied binary logistic regression to test the 

impact of technological capability, marketing capability, professorial leadership and 

failure experience on the USO development funding and USO survival. Both of the 

outcome variables are dichotomous constructs, and therefore this method of 

analysis is considered as appropriate. To avoid potential multi-collinearity issues in 

testing the moderation effect of failure experience, the technological capability and 

marketing capability variables are standardised. 
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4.4. Results  

 

Table 4.1 presents an overview of descriptive statistics and correlations for 

all the variables employed in our models. Correlations are generally low to moderate, 

indicating that multicollinearity is not an issue in our analysis. Additionally, the 

variance inflation factor (VIF) values are lower than 2, which is well below the 

critical threshold. It is interesting to note that 30.80% of the USO development 

projects in our sample acquired funding (mean = .308), and 60.60% USOs survived 

and remained active on the market (mean = .606). The survival rate in comparison 

to existing studies (see e.g. Clayman and Holbrook 2003; Lawton Smith and Ho, 

2006; Prokop et al. 2019; Sijde & Tilburg 2000) on USO survival is lower. Yet, we 

aim to capture USOs that are active and operate in selected markets, and therefore 

have higher potential to generate economic and societal impact, instead of USOs 

existing purely without active operations. Table 4.2 and Table 4.3 present the results 

of binary logistic regression. In both tables, Model 1 analyses the effect of control 

variables. Model 2 – Model 5 examine the impact of each independent variable 

separately in combination with two control variables. Model 6 presents a full model 

with all independent variables and controls. Finally, Model 7 presents a full model 

enriched with a moderation effect of failure experience between (a) technological 

capability and (b) marketing capability, and dependent variables, respectively. We 

tested our hypotheses after controlling for the team size and product development 

speed. Some of the findings are worth mentioning.
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Table 4.1. Range, means, standard deviations and correlations of the variables (N = 104) 
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Table 4.2 and Table 4.3 show that project development speed has a negative 

value, indicating that fewer rounds or less time needed for USO development is 

more likely to attract funding and turn into a stable start-up on the market. 

Nevertheless, both results are insignificant, and any further conclusions should be 

based on additional testing. Concerning the controlled effect of team size, different 

results can be observed. Table 4.2 indicates that team size has a minor positive effect 

on the likelihood to acquire funding, although the result is insignificant. However, 

in case of the USO survival, team size has a significant positive effect on the USOs 

likelihood to survive on the market (Table 4.3, Model 7). This result signals that 

with every additional team member, we could expect a .262 (p < .01) increase in the 

log-odds of USO survival, holding other variables constant. This finding will be 

elaborated in the next section. In order to analyse our hypotheses, following 

argumentation is based on Table 4.2 and Table 4.3, model 7.  

In Hypothesis 1 we proposed that the degree of technological capability of 

the USO has a positive effect on the likelihood (a) to acquire funding for 

commercialisation activities and (b) to survive on the market. Table 4.2 shows that 

technological capability has a positive significant effect on the likelihood to acquire 

funding (B = .783, p < .05), while Table 4.3 shows a weaker positive effect on 

further start-up survival, yet not significant. Hence, Hypothesis 1a is confirmed and 

Hypothesis 1b is rejected, indicating the technological capability is relevant at the 

moment of the USO assessment for funding acquisition, while it depends on other 

factors with regards to the USO’s survival. 

In Hypothesis 2 we proposed that the degree of marketing capability of the 

USO has a positive effect on the likelihood (a) to acquire funding for 

commercialisation activities and (b) to survive on the market. Our results show that 

marketing capability has a positive significant effect on the likelihood to acquire 

funding (B = .697, p < .05), as well as on the USO survival (B = .720, p <.05). Thus, 

Hypothesis 2a and Hypothesis 2b are confirmed, indicating that USOs with higher 

marketing capability are more likely to acquire funding for further developments, as 

well as to survive on the market.  

In Hypothesis 3 we proposed that professorial leadership of the USO has 

a positive effect on the likelihood (a) to acquire funding for commercialisation 

activities and (b) to survive on the market. As Table 4.2 indicates, the USO being 

led by an academic at the level of full professor has a positive effect on the likelihood 

to acquire funding, but the results are not significant. Thus, we reject Hypothesis 

3a. However, Table 4.3 demonstrates that the USO being led by an academic at the 
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level of full professor is 7.4 times more likely to survive on the market (B = 1.996, 

p < .001). Based on this result, we confirm Hypothesis 3b.  

In Hypothesis 4 we proposed that USOs with both a higher degree of 

technological capability and marketing capability are more likely (a) to receive 

funding for further commercialisation activities and (b) to survive on the market, if 

the USO is led by an academic with previous failure experience. Regarding 

technological capability: Table 4.2 shows a positive, but insignificant effect, 

therefore we reject Hypothesis 4a. Next to this finding, Table 4.3 reports a negative, 

insignificant effect, hence Hypothesis 4b is also rejected. This finding calls for 

further research regarding a potential evaluation bias from the USO proposal 

evaluation committee depending on previous application track record. 

Nevertheless, we observe different results regarding marketing capability. Table 4.2 

indicates a negative, insignificant effect, signalling that previous funding failure 

experience does not guarantee increased chances for funding acquisition and require 

applications to showcase a combination of USO’s technological feasibility and 

proven market potential. This implies that Hypothesis 4c is rejected. However, 

Table 4.3 indicates a positive and significant effect, indicating that the USO with 

higher marketing capability are more likely to survive on the market, if the USO is 

led by an academic with funding failure experience (B = 2.276, p < .05). Hence, we 

support Hypothesis 4d.
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Table 4.2. Binary logistic regression results. Dependent variable: USO development funding 

 

 

 

 

 

 

 

 

 

 

 

B s.e. B s.e. B s.e. B s.e. B s.e. B s.e. B s.e.

Constant -.607 .479 -.781 .515 -.635 .510 -.875 .573 -.595 .483 -1.034 .650 -1.055 .657

Tech Capability (standardised) 1.001** .303  .940** .303  .783* .307

Market Capability (standardised)  .660** .245  .651* .266  .697* .298

Professorial Leadership .387 .441 .444 .501 .443 .511

Failure Experience -.088 .517 -.392 .568 -1.316 1.072

Team Size .033 .056 .032 .060 .041 .059 .037 .057 .033 .056 .040 .063 .056 .065

Project development speed -.234 .208 -.245 .211 -.292 .230 -.221 .208 -.227 .211 -.257 .225 -.279 .233

Tech Capability (std) x Failure Experience 1.838 1.350

Market Capability (std) x Failure Experience -.301 .701

 -2 Log likelihood 126.925 112.241 118.736 126.143 126.896 104.875 102.266

Nagelkerke R Square .020 .203 .125 .030 .020 .285 .313

N = 104

*p < 0.05 ; **p < 0.01 ; Hosmer and Lemeshow is not significant (p>0.05)

Model 7Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
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Table 4.3. Binary logistic regression results. Dependent variable: USO survival 

 
 

 

B s.e. B s.e. B s.e. B s.e. B s.e. B s.e. B s.e.

Constant -.488 .589 -.497 .593 -.433 .603  -1.354* .675 -.569 .596  -1.769* .778  -1.806* .806

Tech Capability (standardised) .404 .214 .265 .252 .392 .276

Market Capability (standardised)  .749** .236  .945** .276  .720* .293

Professorial Leadership  1.434** .447  1.766** .530  1.996** .561

Failure Experience .751 .530 .662 .603 1.604 .908

Team Size  .217* .087  .218* .087  .230** .089  .227* .090  .217* .088  .271** .097  .262** .100

Project development speed -.171 .189 -.164 .187 -.217 .197 -.150 .194 -.222 .197 -.210 .208 -.235 .212

Tech Capability (std) x Failure Experience -1.359 .912

Market Capability (std) x Failure Experience  2.276* 1.088

 -2 Log likelihood 130.464 126.805 119.100 119.495 128.346 101.607 92.856

Nagelkerke R Square .113 .155 .241 .237 .138 .413 .489

N = 104

*p < 0.05 ; **p < 0.01 ; Hosmer and Lemeshow is not significant (p>0.05)

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7
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4.5. Discussion 

Understanding the process of USO emergence and subsequent 

development is of high importance to academics, practitioners and policy makers 

engaging in scientific research commercialisation. Many nascent USOs fail to 

generate the expected impact and therefore it is necessary to identify which early 

stage USO characteristics determine the new venture performance. Our results 

indicate differences between factors influencing the funding decision and factors 

predicting survival of USOs. When it comes to funding what matters is technological capability 

and marketing capability of the USO, while for survival – it is marketing capability, professorial 

leadership, team size and correctly exploited failure experience in combination with marketing 

capability making the difference.  

First, we find that USOs with a higher degree of technological capability 

are more likely to acquire funding. However, our results indicate that with regards 

to survival this effect vanishes, which might be associated with a list of related 

factors. Our findings suggest that USOs transferring from the research phase to the 

opportunity framing phase, and then to the pre-organisation phase are required to 

prove technological feasibility in order to transfer to the next phases of USO 

development. Correspondingly, technological feasibility is of critical importance for 

acquiring funding from a government-based funding actor. In turn, the long-term 

survival of a USO is dependent on the ability to exploit and explore new business 

opportunities on a continuous basis, requiring a combination of additional 

capabilities (i.e. market capability, project planning and strategizing, entrepreneurial 

commitment, etc.). In this context, USOs cannot compensate lacking capabilities 

by a high degree of technological capability, and therefore cannot scale leading to a 

poor performance and eventually a business failure. 

Second, we find that higher marketing capability of the USOs positively 

affects the likelihood to acquire funding, and also that USOs with higher marketing 

capability are more likely to pass the USO development stages and reach the 

sustainable returns phase (Vohora et al. 2004). Thus, the ability to clearly identify 

the market segment and its market value, as well as the ability to detect a clear 

demand from potential customers remains a vital determinant not only in the early 

stages, but also in later stages of USO development, even years after funding. Our 

findings suggest that strong market evaluation encompassing the identification of 

potential customer and their needs, as well as forecasting the expected sales are 

crucial success factors for high-tech ventures, in addition to their unique 

technological characteristics (D’Este et al. 2017; De Coster and Butler 2005). This 

finding supports the notion that even in high-tech markets new ventures cannot 
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solely rely on their technologies, but need to continuously examine their market and 

all changes associated with it. Furthermore, for nascent USOs it might be crucial to 

identify several lead customers who are interested in engaging in partnerships and 

benefit from the preferred customer status while providing active support to the 

USO development, resulting in sustainable competitive advantage.  

Third, we find that USOs that have high levels of scientific advisory by 

means of professorial leadership are more likely to survive on the market, however, 

this finding could not be observed in the case of funding decision. This finding 

might be associated with the early stage of USO development and the evaluation 

process in the Valorisation Grant programme. Specifically, during this USO 

development phase one of the key activities is to ensure sufficient levels of 

entrepreneurial commitment and managerial skills in a team. This requires the 

development of a heterogeneous team with a strong focus on further strategic 

business development. In most cases, academics lack this commercial skill 

themselves and assign this role to the business professional with large industry and 

entrepreneurial experience or seek assistance of consultancy firms (Rasmussen and 

Wright 2015). In this context, the short-term impact of professorial leadership is 

reduced, while in the long-term a continuous access to the state-of-the-art research 

and R&D facilities and support from the parent university foster the venture’ 

survival. However, establishing the right balance between scientific and commercial 

development for highly innovative companies should remain a high-priority task in 

all stages of venture development. The importance of scientific advisory and 

benefits of senior academic leadership are observed in the long-term by higher USO 

survival rates. Thus, highly-innovative USOs should strive to enrich their teams on 

the scientific level by involving highly-experienced and recognised researchers who 

are able to provide scientific advisory in terms of continuous technological 

development and strong network both in academia and industry. Furthermore, the 

USO’ ability to benefit from the professorial leadership might become more 

prominent in comparison to USOs where the role of academics is constantly 

reduced due to low commitment from scholars and increased ratio of new 

employees with less experience.  

Fourth, we observe that USOs that possess higher degree of marketing 

capability are more likely to survive on the market, if it is led by an academic with a 

previous funding failure experience who managed to correctly exploit the obtained 

knowledge and leverage the unique experience in future research-commercialisation 

activities. The same effect cannot be observed in the case of funding success. The 

USO development is a highly complex and dynamic process (Perkmann et al. 2013; 



 

132 

 

Rasmussen et al. 2011). A successful advancement from a feasibility study to actual 

high-tech venture requires large resource investments and entrepreneurial 

capabilities. Therefore, failing to receive a funding in the early stage of USO 

development should not be considered purely as failure, but as additional 

entrepreneurial experience and identification of weaknesses in the process of 

venture development. Our findings are in line with theory indicating that a USO 

being led by an academic with additional negative entrepreneurial experience, but 

strong understanding of strengths and weaknesses of his venture, and high expertise 

in the research field, has a considerable advantage for consequential business 

development. Additional insights and lessons learned after the failure, facilitate the 

venture survival on the market, in combination with innovative technology that has 

a strong market demand and support from lead customers (Mueller and Shepherd 

2016; Shepherd et al. 2011). As stated previously, we could not observe the same 

effect regarding the funding success. However, this is logical to some extent, since 

it is very difficult to estimate the positive effect of previous failure, especially in the 

context of venture funding. Therefore, funding agencies that evaluate projects 

according to pre-developed criteria cannot fully grasp the entrepreneur’s experience 

as a precursor for success in the future. 

Concerning the control variables, project development speed could not be 

evaluated as a relevant determinant. We do however find that team size has a strong 

positive effect on the USO’s survival. This could be explained by larger teams 

sharing the capability to compose a heterogeneous team with diverse experiences 

and skills in the early stages of USO development. However, we argue that larger 

sized teams should develop a clear distribution of roles and responsibilities in order 

to benefit from accumulated knowledge, while minimising detrimental effects of 

increased managerial costs (Criaco et al. 2014; Der Foo et al. 2005). 

 

4.5.1. Implications  

This study offers several contributions to the literature on entrepreneurial 

universities and USOs. First, our findings provide a more holistic picture of success 

factors and their interdependence in the early stages of the research 

commercialisation process, covering the elements of USO technological and 

marketing capabilities, team composition, and specific entrepreneurial experiences.  

Second, we contribute to the discussion of USO evaluation criteria. Our 

results indicate that determinants that play a role in predicting the new venture 

survival cannot predict the funding success to the same extent. This implies that 

funding agencies screening the new venture development projects in the field of 
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academia, might reconsider the applicability of the funding criteria, and implement 

a more competence-oriented approach that would include an assessment of the 

academic entrepreneurs’ ability to leverage their resource and knowledge base, and 

continuously adapt to changing market requirements.  

Third, considering the event of acquiring of funding as a short-term 

success, while the venture survival is a long-term achievement, our results indicate 

that different criteria should be considered. For example, the importance of a larger 

and balanced team is varying during different stages of USO development. Similarly, 

in the first stages of USO development, technological feasibility is the priority, then 

in later stages the commercialisation capabilities become more dominant. In 

addition to that, a team composition should be considered as a dynamic process, 

therefore the criteria of team evaluation and team motivation in the early stages of 

venture development are expected to be different in the long-term.  

These insights might be crucial for academic entrepreneurs willing to attract 

external funding for their research commercialisation and can enhance economic 

and societal impact of USOs by motivating academic entrepreneurs and their 

business partners to strengthen their commercialisation projects by integrating vital 

elements to prevent early-stage failure.   

 

4.5.2. Limitations & Future Research Avenues  

Academic entrepreneurship and USO development are highly dynamic, 

multi-stage processes that encompass an interplay of a notable variety of factors. 

Therefore, we acknowledge that our proposed model cannot grasp the entire set of 

crucial elements and has some limitations. First, we focus on the sample of 104 

Dutch high-tech university spin-offs. Considering the regional and national 

differences in policy developments facilitating academic entrepreneurship, we could 

expect to observe some differences in the results by comparing the results on the 

international level and examine the role of institutional developments. Additionally, 

on the level of universities, we suggest to further investigate the characteristics of 

universities and affiliated science parks and technology transfer offices. Preliminary, 

we did not observe a difference in short- or long-term success between USO parent 

universities, but nevertheless we suggest examining the impact and support of 

technology transfer offices in different universities, as well as the performance of 

departments across the universities. Next, our data is limited to survival 

information, however, new insights might be generated by investigating economic 

performance and generated revenue streams of the USOs. Additionally, it might be 

relevant to focus also on other determinants that are relevant in the venture capital 
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literature, e.g. product innovativeness, competitor analysis or team motivation. 

Finally, we would like to suggest additional research to test the compensation 

options for different criteria, thus, examine to what extent the weaker criteria 

predicting the funding success and subsequent survival can be compensated by 

scoring high on other alternative criteria.
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Abstract 
 
 
University spin-offs (USOs) have been subject to considerable interest in research 
and practice. Nevertheless, understanding the heterogeneity of USOs remains an 
important issue. In this article, we use text mining on 108 USO grant proposals to 
generate novel and relevant insights into the characteristics of USOs. In particular, 
we employ topic modelling by means of latent Dirichlet allocation (LDA) and 
hierarchical clustering to develop a typology of USOs based on their self-perceived 
first-order technological and customer competences, and second-order R&D and 
marketing competences. Our in-depth analysis suggests seven types of USOs with 
a distinct orientation on technology development and commercialisation with 
various degrees of exploitation and exploration. The findings have a number of 
implications for research, such as demonstrating the usefulness of computer-driven 
textual analysis for research on USOs, with the associated delineation of USO types 
additionally benefitting future research to predict type-dependent challenges and 
outcomes along the entrepreneurial process. The study further supports policy-
makers’ target-oriented design of funding instruments in the realm of academic 
entrepreneurship. 
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5.1. Introduction 

 

University spin-offs (USOs) operate in dynamic environments that pose 

numerous technological and customer-/market-related challenges. However, 

besides conventional start-up challenges (Berbegal-Mirabent et al. 2015), USOs face 

different challenges due to the academic and primarily non-commercial 

environment they are engaged in (Huynh 2017). In this study, we define USOs as 

new ventures created within the university context, based on technology derived 

from university research (Rasmussen 2011; Rasmussen and Borch 2010; Vohora et 

al. 2004; Wright et al. 2012). For example, USOs have to deal with formal 

procedures on the commercialisation of research at universities, while 

simultaneously considering the market, and being able to manage a variety of 

stakeholder demands in the course of the technology and business development 

process (Berbegal-Mirabent et al. 2015; Huynh et al. 2017). Thus, USOs require 

specific combinations of competences that reflect their ability to manage general 

start-up challenges and the particularities of research-based technology 

commercialisation. 

Prior research has devoted notable efforts to conceptualise and 

differentiate USOs (see e.g. Bathelt et al. 2010; Djokovic and Souitaris 2008; Mustar 

et al. 2006; Pirnay et al. 2003), particularly emphasising the role of their competences 

(see e.g. Bock et al. 2018; Colombo and Piva 2012; Gümüsay and Bohné 2018; 

Rasmussen et al. 2014). Yet, despite an increasing number of insights on USO 

development from the competence perspective, we lack a comprehensive 

understanding of USOs and the differences in their self-perceived competence 

profiles, hindering further development of this promising research area. This 

implies that USO incubators, accelerators, government-based funding 

organisations, venture capitalists and other parties lack a comprehensive USO 

assessment tool. As a result, available USO support mechanisms cannot be tailored 

to various USO needs, and therefore remain ineffective. This is largely because we 

lack the application of original and precise analytical approaches that could yield 

additional useful insights that inform both research and practice. 

Hence, to advance theoretical understanding on USOs and discover their 

differences in new and useful ways, we develop and validate a typology of USOs 

based on their self-perceived competences. In particular, our typology development 

benefitted from the application of topic modelling by means of latent Dirichlet 

allocation (LDA) (Blei et al. 2003; Blei and Lafferty 2009; Choudhury et al. 2019; 

Griffiths and Steyvers 2004) and hierarchical clustering (Murtagh and Legendre 
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2014) of 108 USO grant proposals, and the availability of an established framework 

for categorising USOs based on their projected self-perceived first- and second-

order competence portfolios (Danneels 2002, 2007, 2008). We suggest seven types 

of USOs with a distinct orientation on technology development and 

commercialisation with various degrees of exploitation and exploration. We then 

validate the typology with a comprehensive in-depth content analysis of USO grant 

proposals. 

By proposing text mining and unsupervised machine learning as valuable 

techniques to research on USOs, our study underpins the new method’s flexibility 

and promise for advancing theory development and empirical research in the 

domains of academic entrepreneurship and research policy. In other words, topic 

modelling outputs, after an in-depth interpretation and theoretical validation, is a 

valid approach to generating robust theoretical artefacts, especially in large-scale 

textual data such as funding grant proposals or business plans. Hence, with this 

methodological advance, the field can reach an important milestone in the quest for 

improvements in how we think about and interpret USOs based on large-scale 

textual data. 

Second, by developing our USO typology and the associated uncovering of 

the USO heterogeneity in terms of their first- and/or second-order competences, 

our study provides researchers with a tool for a more nuanced analysis of USOs. 

For instance, scholars can use the typology to identify USO types and relate 

different competence configurations to antecedents and, importantly, potential 

outcomes (e.g., innovation and financial performance). Scholars may also link the 

identified types to other levels of analysis such as whole economies (e.g., economic 

growth) and societies. Policy-makers can benefit from the insights to design focused 

policy instruments supporting USO venturing processes and thereby academic 

entrepreneurship. 

 

5.2. Theoretical Framework 

Academic entrepreneurship in the form of research-based USOs is 

increasingly attracting the attention of academics, practitioners, and policy-makers 

(Belitski et al. 2019; Bock et al. 2017; D’Este et al. 2019; François and Philippart 

2019). Prior studies have identified a variety of resources relevant to USOs’ 

entrepreneurial actions and thereby the exploration and exploitation of academic 

entrepreneurial opportunities, including financial, human, organisational, social, 

routine-based, and technological resources (Gümüsay and Bohné 2018). Given that 

academic entrepreneurship occurs at the intersection of the academic and 
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entrepreneurial opportunities, with both being heterogeneous, we follow the notion 

of Rasmussen et al. (2011) arguing that USO development is not dependent on a 

specific combination of resources, but on the competences to apply those resources. 

Following Danneels (2002), this study understands competence as an ability to 

achieve something by means of material (e.g. machinery, equipment) and immaterial 

resources (e.g. production know-how, knowledge of customer needs). Thus, 

competence has material and cognitive components. Furthermore, as the venturing 

conditions have a lasting impact on the USOs’ subsequent development, the 

competence portfolio of USOs will strongly 'imprint' their future development 

trajectories (Ciuchta et al. 2016; Stinchcombe and March 1965). 

USOs focus on the creation of new products based on technological 

innovations. Innovations can range from the discovery of complex scientific 

principles and radically new technologies to simple, incremental additions to 

existing knowledge (Paradkar et al. 2015). Nevertheless, transforming the benefits 

from an innovation into a commercially viable product is a multi-stage process that 

requires various combinations of competences spanning two domains: competence 

relating to technology, and competence relating to commercialisation (Danneels 

2002; Enkel et al. 2017; Paradkar et al. 2015). Furthermore, to generate a viable 

product, the nature of competences matter in that they either support the USO’s 

exploitation of current technologies, customers and resources to secure efficiency 

benefits, or the USO’s exploration by identifying a variety of new opportunities for 

development. In this study, we thus differentiate between self-perceived USO first-

order technology and customer competences with an exploitative nature, and 

second-order R&D and marketing competences of an explorative nature (Danneels 

2002, 2007, 2008). First-order technological competence refers to a USO’s self-perceived 

ability to design and produce a physical product with certain features by means of 

technically-related resources, such as design and engineering know-how, product 

and process equipment, manufacturing facilities and know-how, and procedures for 

quality control (Danneels 2002). First-order customer competence defines a USO’s self-

perceived ability to serve customers by means of market-related resources such as 

knowledge of customer needs, preferences, and purchasing procedures, distribution 

and sales access to customers, customer goodwill, and communication channels. In 

turn, second-order competences can be characterised as self-perceived abilities to 

identify, evaluate, and incorporate new technological and/or customer competences 

into the firm (Danneels 2002, 2008). Specifically, second-order R&D competence reflects 

the USO’s self-perceived ability to identify and incorporate new technologies by 

means of setting up new types of manufacturing facilities and operations, identifying 
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and learning about new technologies, assessing the feasibility of new technologies, 

and acquiring new engineering skills and resources. Second-order marketing competence 

is understood as the USO’s self-perceived ability to identify and access new markets 

by means of assessing the potential of new markets, building relationships in new 

markets, setting up new distribution and sales channels, leveraging brand reputation 

to new markets, researching new competitors and new customers, developing new 

pricing and advertising strategies (Danneels 2008). 

Prior research suggests that USOs face path dependencies in their 

development (Degroof and Roberts 2004; Schreyögg and Kliesch-Eberl 2007). For 

example, some USOs tend to focus on establishing competitive advantages at the 

expense of the search for new ideas and markets with less certain outcomes and 

longer time horizons (D’Este, Marzucchi, et al. 2018). In particular, the possession 

of first-order technological and/or customer-related competences facilitates further 

technology exploitation and commercialisation, while the lack of investment or 

under-investment in competences that are more explorative in nature hinders new 

product development and market innovation (Danneels 2002). This is because such 

adaptive learning processes reinforce the value of initial competence portfolios 

making an exploration of new opportunities less attractive (D’Este et al. 2018; 

Danneels 2008; March 1991). At the same time, an initial over-emphasis on more 

explorative competences may reduce the attractiveness of an investment in first-

order competences in the later stages of the entrepreneurial process. In turn, by 

simultaneously, and right from inception, nourishing exploitation and exploration 

competences, organisational lock-in can be prevented, also helping to avoid 

exploration without any gains from it (Enkel et al. 2017). Accordingly, in line with 

an imprinting approach, we argue that USOs’ first- and second-order competences 

are a major type-specific characteristic and remain highly influential throughout the 

entrepreneurial process, providing the basis for developing a comprehensive and 

useful typology of USOs. 

 

5.3. Methods 

 

5.3.1. Data 

To develop our typology of USOs, we use topic modelling – an established 

unsupervised machine learning technique – and an LDA model with subsequent 

hierarchical clustering on large-scale textual data from a valorisation grant (VG) 

programme managed by the Dutch science foundation. The VG is a subsidy granted 

to researchers with entrepreneurial intentions for the creation and development of 
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USOs and consists of two phases: Phase 1 is the feasibility study with a maximum 

funding of EUR 25,000 that has to be completed within six months. Projects that 

successfully complete Phase 1 can submit their grant proposals for Phase 2, that is, 

the valorisation phase with a maximum subsidy amount of EUR 200,000. The 

majority of applicants for the VG funding were researchers from the leading 

technical universities in the Netherlands, such as Delft University of Technology, 

Eindhoven University of Technology, University of Twente, Leiden University and 

affiliated research institutes (e.g. Radboud University Medical Center, University 

Medical Center Utrecht). 

In the current study, our corpus consists of the full textual data of 108 

academic high-tech USO grant proposals that were submitted to the VG Phase 2 in 

the period 2007–2014, and which cover aspects such as technological and scientific 

potential, commercialisation potential, IP rights, project composition and key 

milestones. Our decision to focus on the VG Phase 2 grant proposals is threefold; 

(1) In Phase 1, the vast majority of applications were in the initial stages of the 

research commercialisation process and remained research projects predominantly 

focusing on the technological feasibility of the project; (2) in Phase 2, the proposed 

product/service is in a more advanced stage of development and is closely related 

to an actual high-tech venture in the commercialisation stage, enabling us to 

perform a more meaningful analysis of their competence portfolios; (3) at the 

moment of entering Phase 2, USOs have received a positive evaluation by the VG 

referees in Phase 1, scoring sufficiently highly on technical and market potential, 

which provides additional validity to self-perceived competence assessment. 

 

5.3.2. Text Pre-Processing 

Prior to the use of topic modelling by means of LDA, all grant proposals 

included in this study had to be pre-processed. The pre-processing consisted of 

several consecutive steps. First, all portable document format (pdf) files were 

converted into raw text files (txt) with utf-8 encoding. Following the goals of this 

study and the implemented methodological approach, we removed document 

sections of minor value for topic modelling and LDA analysis. These sections were 

the reference list in documents and visual objects as they do not add to the 

identification and comparison of technological, commercial, IP-related, and future 

USO development activities. 

Second, we performed several data transformation activities to unify the 

data with the ‘tm’ package in R (Feinerer and Hornik 2012). We removed 

punctuation marks, transformed content to lowercase, removed numbers, stripped 
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whitespace, eliminated common English stopwords (i.e. ‘and’, ‘the’, ‘a’) and reduced 

the words to their stems to limit the variability of words that are meaningless when 

it comes to topic modelling and LDA (Antons et al. 2016; Blei and Lafferty 2006; 

Feinerer and Hornik 2012). In addition, we experimented with customised 

stopwords based on the specific template structure used in the VG programme. 

That is, we removed terms that were used as template headings or sub-headings, 

such as ‘technological aspects’, ‘commercial aspects’, ‘marketing plan’, ‘key 

milestones’, ‘executive summary’, and ‘appendix’. Furthermore, following the initial 

inspection of pre-processing results, we excluded terms of minor value from the 

corpus. By eliminating a list of customised terms, we reduced the levels of statistical 

noise in the data that would impede a correct interpretation of results. 

Third, we generated n-grams from an order of n = 2 and up to an order of 

n = 3 in the texts. N-grams, in comparison to unigrams, allow researchers to create 

a sequence of n-items from a given sequence of items (Antons et al. 2016; 

Christensen et al. 2017). The advantage of using n-grams such as bigrams or 

trigrams lies in their ability to provide additional nuances of meaning that are 

typically lost in pre-processing. This is particularly relevant for our dataset as the 

same single tokens might be obtained from different USO grant proposals and 

could be associated with different technology-related word compounds.  

Fourth, all unique n-grams were counted and transformed into a ‘bag-of-

words’ representation and converted into a document-term matrix. Furthermore, to 

reduce the size of the document-term matrix and to focus on the relevant terms, we 

set the term length to 4–40 characters, and only selected the terms occurring in at 

least 10 documents from the entire dataset of 108 documents (Griffiths and 

Steyvers 2004). In addition, we eliminated the most frequent terms in the corpus by 

setting a threshold of 20% (i.e., terms cannot appear in more than 21 documents 

out of 108) in order to increase topic accuracy. By eliminating highly frequent and 

infrequent terms and thereby statistical noise, we created a final matrix and thereby 

a corpus consisting of 419 unique n-grams with an order from 2 to 3, distributed 

over 108 documents. 

 

5.3.3. Topic Modelling and Latent Dirichlet Allocation (LDA) 

LDA is a generative probabilistic model for collections of discrete data such 

as the large-scale textual data in the form of USO grant proposals used in this study 

(Blei et al. 2003). More specifically, LDA is a Bayesian statistical model whereby 

each document is represented as a probabilistic distribution over latent topics, and 

the topic distributions in all documents (i.e. the USO grant proposals) share a 
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common Dirichlet prior. Similarly, each latent topic is represented as a probabilistic 

distribution over words (i.e. n-grams) and the word distributions topics share a 

common Dirichlet prior (Blei et al. 2003; Blei and Lafferty 2006; Hannigan et al. 

2019; Zhao et al. 2015). Further mathematical formalisation and previous 

applications in accordance with the methodology applied in this paper can be seen 

in Blei et al. (2003), Bao and Datta (2014), Zhao et al. (2015), Shi et al. (2016), 

Choudhury et al. (2019), and Wullum Nielsen and Börjeson  (2019) among others. 

To employ topic modelling and LDA analysis on our corpus of USO 

funding applications and thereby develop our typology, we used the topicmodels 

package in R (Kurt Hornik and Grün 2011), which complements the package tm 

used for data pre-processing purposes, thus ensuring the correct data input for topic 

modelling by means of a pre-processed document-term matrix. The topicmodels 

package provides the necessary interface for conducting an LDA analysis. 

We employed Gibbs sampling with a burn-in of 5000 iterations and 

recorded every 500th iteration for 3000 iterations. The initial hyperparameters are 

set to default values with α=50/k and β=0.1 where k represents the number of 

topics, thus following the approach of Griffiths and Steyvers (2004). By default, 

only the best model with regard to the log-likelihood log(p(w|z)) observed during 

Gibbs sampling is returned (Hornik and Grün 2011). 

Moreover, as the LDA algorithm is dependent on the user input with regard 

to the number of topics, it is crucial to select an optimal model for a given dataset. 

An insufficient number of topics will generate overly broad results, while an overly 

high number of topics will generate complex topics with a high degree of noise that 

make accurate interpretation and subjective validation challenging (Griffiths and 

Steyvers 2004; Páez-Avilés et al. 2018; Zhao et al. 2015). To determine the optimal 

number of topics for our dataset, we used a combination of ‘CaoJuan2009’ and 

‘Griffiths2004’ metrics from the ldatuning package in R (Nikita 2016). The 

‘CaoJuan2009’ metric determines the optimal number of topics based on topic 

density, aiming to minimise the average cosine similarity between topics (Cao et al. 

2009). Figure 5.1 illustrates that the best topic structure, according to the 

CaoJuan2009 metric which is represented with triangle points, is within the scope 

of 16 to 25 topics. In turn, the ‘Griffiths2004’ metric, which is illustrated with 

round-points in Figure 5.1, determines the optimal topic number based on the 

likelihood probability distribution, aiming to detect a topic structure that maximises 

the posterior probability computed at various values of k (Griffiths and Steyvers 

2004). The results based on ‘Griffiths2004’ metric are in line with those of 

‘CaoJuan2009’ metric, reaching the highest log-likelihood value at 22 topics. After 
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additional comparison of terminological coherence, the final number of topics was 

therefore set to 22 as the optimal solution.  

 

 
Figure 5.1. Estimation of the optimal number of topics by computing the smallest value of 

‘CaoJuan2009’ and highest value of ‘Griffiths2004’ (k = 22).  

 

5.3.4. Topic Labelling 

Since topics are not typically labelled by an algorithm (Blei and Lafferty 

2009; Kaplan and Vakili 2015), the identified topics need to be manually labelled, 

with the label reflecting their content structure and thus the type of USO self-

perceived competence. As the automatic labelling function is not of high reliability, 

and it is customary to employ manual labelling for higher precision (Bao and Datta 

2014; Chang et al. 2009), we manually labelled our topics. 

First, we used the resulting LDA output representing a probabilistic 

distribution of n-grams (with an order of n=2 to an order of n=3) in the identified 

topics to inspect their semantic structure, according to the first- and second-order 

competence framework (Danneels 2002, 2008, 2016). As the terms and topics have 

a probabilistic distribution, the sum of each of these probabilities equals 1, or 100%. 

Thus, the n-gram ‘freedom oper’ has 7.68% probability of belonging to Topic 1, and 

in combination with terms such as ‘close collabor’ (beta = 6.85%) and ‘ip portfolio’ (beta 

= 6.44%) it indicates a technology-oriented semantic nature according to the 

definitions outlined in our theoretical framework. In turn, Topic 3, which is 
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dominated by terms such as ‘product servic’, ‘support letter’, ‘busi strategi’ with 11.11%, 

5.21% and 4.74% levels of probability, respectively, therefore indicating a more 

commercialisation-oriented semantic nature. Appendix A illustrates the top five 

terms with the associated probabilities of belonging to a certain topic, and the 

corresponding application of terms (i.e. n-grams) in a full-text version of the USO 

grant proposals. 

Second, and to complement our semantic assessment of probabilistic n-

gram distributions in each topic, we assessed the terms’ coherence and specific 

application in the full text of USO grant proposals. To do so, the authors 

independently conducted an in-depth content analysis by comparing and analysing 

how the key terms were used in the full text of the USO grant proposals to identify 

preliminary labels and validate the quality of the generated topics. The example 

demonstrated below clearly indicates the technology-oriented nature of the term 

with a focus on exploration-focused activities, thus second-order, complementing 

the initial semantic assessment. 

“It is conceivable that the owner of the basic technology will try to limit the freedom to 

operate of [USO] the moment [USO] becomes active in this field. We are currently investigating 

how we can ensure our freedom to operate” [VG 01]. 

Third, drawing on the first- and second-order competence framework 

(Danneels 2002, 2008, 2016) in combination with our preliminary labels, we 

independently assessed (a) whether a topic belongs to a technologically-oriented or 

a commercialisation-oriented dimension, and (b) whether a topic belongs to the 

first- or second-order dimension. In fact, we independently evaluated the n-grams 

and associated full-text sentences of the topics regarding the pronunciation of four 

self-perceived competences: (1) first-order technological competence, (2) second-

order R&D competence, (3) first-order customer competence, and (4) second-order 

marketing competence. Next, we determined the final labels by comparing the 

independent coding results and reaching consensus on inconsistencies. This 

procedure enabled us to group the initially generated 22 topics into four self-

perceived competence types. However, two of 22 identified topics were excluded 

from further analysis as a result of a poor fit to any of the four reference categories 

(i.e. Topic 11 and Topic 20). The remaining 20 topics were therefore assigned to 

four categories (see Table 5.1). 
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Table 5.1. Distribution of topics based on LDA results in line with the labelling results using the 
first- and second-order competence framework. 

USO self-perceived 
competence type 

Topic distribution over four USO self-perceived 
competence types 

First-order technological: 
Topic 2; Topic 8; Topic 12; Topic 14; Topic 16;Topic 18; 
Topic 19; Topic 21; 

Second-order R&D: Topic 1;  Topic 15; 

First-order customer: 
Topic 3; Topic 5; Topic 6; Topic 7; Topic 9; Topic 10; Topic 
13; 

Second-order marketing: Topic 4; Topic 17; Topic 22 

 

Based on the labelling results, to have a sum of 20 topic probabilities equal 

to 1, or 100%, we rescaled the distribution of topic probabilities over 108 USO 

grant proposals to account for the two excluded topics. Furthermore, in line with 

our labelling efforts, we recalculated the distribution of the 20 remaining topic 

probabilities into the distribution of four self-perceived competences by adding up 

the values of the probabilistic distribution. Accordingly, we computed a 

probabilistic distribution across four self-perceived competence categories over 108 

USO grant proposals (see Table 5.1).  

Furthermore, based on LDA results with probabilistic distribution, we 

further specify the USO’s self-perceived competence composition based on two 

competence dimensions with two poles each. Based on our theoretical framework, 

first-order technological competence (TECH1) and second-order R&D competence 

(R&D2) can be attributed to technology orientation. In turn, first-order customer 

competence (CUSTOM1) and second-order marketing competence (MARKET2) 

can be attributed to commercial orientation. Similarly, first-order technological 

(TECH1) competence and first-order customer (CUSTOM1) competence can be 

attributed to first-order exploitative focus/tasks, while second-order R&D (R&D2) and 

second-order marketing (MARKET2) competences can be attributed to second-order 

explorative focus/tasks. Based on probabilistic values obtained from the LDA analysis 

(i.e. the sum of probabilities of four competence types based on the labelling results 

of 20 topics equals 100%), we can follow the logic where: (TECH1 + R&D2) + 

(CUSTOM1+MARKET2) = (TECH1 + CUSTOM1) + (R&D2 + MARKET2) = 

100%. Consequently, we can plot the 108 USO grant proposals on a two-

dimensional space, using the equation results: (1) 1 – (CUSTOM1 + MARKET2) = 

(TECH1 + R&D2); (2) 1 - (TECH1 + CUSTOM1) = (R&D2 + MARKET2), where 

(1) represents a USO score on the USO competence-orientation scale ranging 
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between [0; 1], with ‘0’ indicating a fully commercialisation-oriented USO and ‘1’ 

indicating fully technology-oriented USO. It follows that scoring high on this dimension 

(>0.5) means that the USO is more technology-oriented than commercialisation-

oriented, and scoring low (<0.5) means that the USO is more commercialisation-

oriented than technology-oriented. In turn, (2) represents a USO score on the USO 

competence-order scale ranging between [0; 1], with ‘0’ indicating a fully first-order-

focused USO and ‘1’ being fully second-order-focused USO. Thus, scoring high on this 

dimension (>0.5) means that the USO is more a second-order-focused USO than a 

first-order-focused USO, and scoring low (<0.5) means that the USO is more a 

first-order-focused USO than a second-order-focused USO (see Appendix B). 

 

5.3.5. Hierarchical Clustering to Determine the Number of USO Types 

To develop our typology of USOs based on their projection of self-

perceived first- and second-order competences (Danneels 2002, 2008, 2012), we 

employed hierarchical clustering by means of ‘hclust’ function of the Stats package 

in R, using the Euclidean distances and Ward.D2 method that seeks to minimise 

variance within clusters (R Core Team, 2018). For hierarchical clustering, we use 

the USO competence-orientation score and USO competence-order score on the 

sample of 108 USO grant proposals. To determine the optimal number of clusters 

based on the results of hierarchical clustering and therefore the final USO types, we 

executed the ‘fviz_nbclust’ function of the factoextra package (version 1.0.6) in R 

(Kassambara and Mundt 2019), using the average silhouette method. As depicted 

in Figure 5.2, we computed the average silhouette over different values of k, 

selecting the option with the maximum coefficient (Kaufman and Rousseeuw 2009), 

that is, seven clusters (final USO types). To analyse, compare, and develop a 

nuanced understanding of each USO type (represented by clusters), we followed a 

comprehensive procedure with multiple steps: (1) we computed mean values of 

first-order technological competence, second-order R&D competence, first-order 

customer competence, second-order marketing competence, as well as, of the USO 

competence-orientation score and USO competence-order score for each USO 

type; (2) we inspected terms (i.e. n-grams with an order of n=2 to an order of n=3) 

based on their frequency and term frequency counts in each USO type; (3) the 

authors independently performed a comprehensive content analysis on the 

summary section of each USO grant proposal in all seven identified USO types to 

derive the main semantic themes in relation to the USOs’ orientation and their 

exploitative and explorative (i.e. focus) activities. 
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Figure 5.2. Estimation of the optimal number of hierarchical clustering clusters based on maximum 

average silhouette width on the sample of 108 USO grant proposals. 

 

5.4. Results 

 

5.4.1. Self-perceived USO Competences 

Table 5.2 reports USO grant proposal composition based on a probabilistic 

distribution across the four categories of self-perceived competences (n = 108; we 

present 20 grant proposals for brevity). Our analysis indicates that first-order 

technological competence (mean = 0.403), followed by first-order customer 

competence (mean = 0.341), are the most prominent in the USOs’ self-perception. 

In turn, second-order R&D competence is reflected to an 11% level in USOs’ self-

perception (mean = 0.110), and second-order marketing competence makes up 

15% of USO’s competence portfolio, on average (mean = 0.147). To develop the 

semantic understanding of self-perceived first- and second-order competences 

among USOs, we analyse the semantic use of terms (i.e. n-grams) and their 

probabilities of belonging to a certain topic in the full-text version of USO grant 

proposals(see Appendix A). 
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Table 5.2. USO grant proposal composition based on a probabilistic distribution of four USO self-

perceived competences (n = 108; we present 20 documents for brevity purposes). 

 
 

 

5.4.1.1. First-Order Technological Competence 

Based on LDA results and our in-depth content analysis of USO grant 

proposals, first-order technological USO competence consists of several key 

elements: First, first-order technological competence is embedded in a research-

based core technology forming the basis for further technological and 

commercialisation activities. Therefore, USOs with a sufficient degree of self-

perceived first-order technological competence share an ability to successfully 

exploit the unique knowledge of the research group generated from the scientific 

research to design and manufacture complex, innovative, state-of-the-art 

technological and also complete system solutions. First-order technological 

competence enables the USOs to develop their products and services with certain 

features and parameters meeting the necessary technical requirements, and often to 

doc-id
First-order 

technological

Second-order 

R&D

First-order 

customer

Second-order 

marketing

1 0.537 0.064 0.304 0.095

2 0.366 0.265 0.274 0.095

3 0.180 0.032 0.697 0.091

4 0.355 0.089 0.399 0.157

5 0.547 0.043 0.281 0.130

6 0.453 0.155 0.281 0.111

7 0.306 0.112 0.385 0.197

8 0.320 0.115 0.427 0.138

9 0.656 0.056 0.208 0.080

10 0.454 0.110 0.296 0.140

11 0.400 0.072 0.331 0.197

12 0.668 0.038 0.202 0.091

13 0.395 0.142 0.355 0.108

14 0.354 0.048 0.248 0.351

15 0.441 0.123 0.345 0.091

16 0.459 0.048 0.354 0.139

17 0.290 0.248 0.351 0.112

18 0.287 0.087 0.459 0.166

19 0.601 0.034 0.256 0.109

20 0.466 0.085 0.361 0.088
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outperform existing alternative solutions. USOs with this type of competence 

perception are able to clearly demonstrate the technological and commercial 

feasibility of their products and services, ensuring high quality and reliability, and 

with a possibility to provide specific features, such as high speed and a user interface 

that enables a smooth integration into the existing product range or further 

adjustment to the level of user expertise. 

“The new [USO solution], f-Theta non-glass optic design will be integrated in scanning system 

modules for existing system integrators” [VG 02]. 

Furthermore, a core element of first-order technological competence is the 

ability to organise the entire supply and production chain in a way that they can 

meet the expected demand through necessary production facilities with scaling 

possibilities. Additionally, first-order technological competence enables USOs to 

optimise their technologies to reach notable cost savings and performance 

improvements, as well as, to focus on the end-user and thereby customisation 

options, based on customer profiles and their technological needs. First-order 

technological competence can be leveraged as a market-entry barrier and allows for 

the exploitation of the USO’s competitive advantages in the early stages of firm 

development. 

5.4.1.2. Second-Order R&D Competence 

Our findings indicate that the USO’s self-perceived second-order R&D 

competence consists of the ability to perceive and act upon new market 

opportunities and develop new solutions to specific technological problems ahead 

of their competitors. Consequently, USOs sharing this ability can explore and 

develop technological advancements in response to market development patterns 

or new customer needs. In addition, second-order R&D competence reflects the 

ability to investigate potential IP-related barriers, potentially hindering USO’s 

(technological) development, and includes an ability to explore the freedom to 

operate for further scaling purposes. USOs that possess second-order R&D 

competence are able to flourish under dynamic conditions and to both design new 

solutions and adapt existing offerings when facing potential infringements. A 

further aspect of second-order R&D competence is the USO’s ability to conduct 

realistic detailed estimations of the technological efforts and resources required to 

develop a new prototype that could be validated with potential customers. For 

example, USOs need to carefully estimate the amount of technological efforts and 

resources needed for adding efficiency and functionality to their solutions to foster 

a technological breakthrough. Second-order R&D competence therefore comprises 

a USO’s ability to evaluate various potential applications and their commercial and 
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technological appeal based on ease-of-entry (including regulations and 

competition), field test results and growth patterns. Finally, second-order R&D 

competence reflects the ability to form close collaboration ties with partners and 

stakeholders from different technological areas to guarantee a successful new, 

innovative, product and service development that resolves existing and emerging 

technological challenges. 

“Our close collaboration with [partner] and the shareholders participation (key opinion leaders in 

the area of pharmacology, toxicology and nephrology) will guarantee our future success in new 

product development and innovative new products and services” [VG 03]. 

 

5.4.1.3. First-Order Customer Competence 

According to our analysis, self-perceived first-order customer competence 

describes the ability to gather and make use of a skilled and experienced team that 

connects foundational research with applied research on market and customer 

needs, exhibits a strong network and lines up the first customer. Accordingly, first-

order customer competence enables USOs to accumulate the necessary skills and 

knowledge in a team to conduct an in-depth study of customer needs and specific 

market characteristics, and to further exploit the know-how in commercialisation 

activities. 

“[..] the basic premises are fulfilled for [USO] to grow and start developing its own company, since 

there is know-how and sources of talented people, industrial experience and industrial relations and 

a lead costumer for the first products and services”[VG 04]. 

Simultaneously, this type of competence includes the ability to identify and 

connect to a strong partner or launch customer who actively supports the USO’s 

market entry by providing a platform for product validation and testing, by 

facilitating production and distribution channel development, and by clearly 

demonstrating a demand for the USO’s product or service, expressed by means of 

support letters addressed to members of the funding programme evaluation 

committee. Furthermore, first-order customer competence reflects the ability of 

USOs to assess and compare the unique selling proposition of their products and 

services, thus making it possible to delineate and develop customer value and 

competitive advantage. In combination with strong analysis of the chosen target 

market, USOs with a sufficient level of this competence type are able to develop 

initial business strategies and estimate the first sales on the basis of validated 

earnings models (e.g. direct sales and redistribution; licensing; consultancy; cloud 

solution; pay-per-query, etc.). A critical element related to USO’s business 

modelling activities is the ability to raise additional funding to cover the next phases 
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of USO development. Finally, first-order customer competence comprises the 

ability to design and implement an account and control management system to track 

and coordinate commercialisation activities, including user acceptance tests and 

value driver achievements, and also to do so in collaboration with partners and early 

customers of the USO. 

 

5.4.1.4. Second-Order Marketing Competence 

A central characteristic of self-perceived second-order marketing 

competence is the focus on exploration, and thereby on strategic growth-oriented 

business development. USOs with second-order marketing competence, as the 

name suggests, have the ability to identify and expand into new markets. 

“[..] the exploration of possible expansions to foreign markets is considered a major aspect of the 

business growth” [VG 05]. 

In the context of USOs, the investigation and expansion to new markets 

and new product applications is driven by technology, based on (patented) research 

results. However, in comparison to first-order customer competence, second-order 

marketing competence enables USOs to operate on a global level by entering new 

foreign markets, and especially, by seeking new market applications of the core 

technology. In fact, USOs with this competence share strong project management 

abilities that allow them to investigate how the current innovative elements can be 

leveraged and to forecast potential growth scenarios from short, medium, and long-

term perspectives. In addition, this competence entails the ability to analyse future 

market demands and commercial feasibility including a wide range of associated 

business and marketing activities, such as presentations (e.g. at international trade 

fairs), demonstrations, and collaboration with new potential customers, 

development of different sales channels (i.e. from direct sales to licensing), and the 

assessment of direct and indirect competitive threats resulting from alternative 

technological solutions. A further key element of this competence consists in the 

ability to develop new strategic partnerships and to collaborate with network 

partners to increase market knowledge and production capacity, allowing USOs to 

expand and diversify their markets for technological solutions. By being able to 

engage in strategic collaborations, USOs can combine new and existing knowledge 

and distribution channels to market new innovative solutions to new customers, as 

part of commercial exploration. Finally, for USOs, it is crucial to be able to take 

advantage of regional/national policy developments and integrate socio-economic 

aspects into their operations, as reflected in the second-order marketing 

competence. 
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5.4.2. Towards a Typology of USOs based on Their Self-Perceived 

Competences 

Figure 5.4 reports the results of hierarchical clustering based on self-perceived 

competence distribution in 108 USO grant proposals. Our results indicate the 

existence of seven USO types. Table 5.4 presents mean values of first-order 

technological competence, second-order R&D, first-order customer, second-order 

marketing, as well as, USO competence-dimension score and USO competence-

order score for each USO type. Further methodological procedure used for an in-

depth analysis of each USO type is outlined in the methodology section 5.3.5. 

According to our results, the USO types 1, 2, and 3 are largest in the number of 

clustered USO grant proposals with 29, 21 and 25 USO grant proposals, 

respectively. The remaining four USO types have 6, 9, 14 and 4 clustered USO grant 

proposals, respectively. As expected, each USO type has a unique distribution of 

self-perceived competences, therefore comprising a distinct combination of 

exploitative and explorative activities in relation to their technology development 

and technology commercialisation activities. We now specifically address each USO 

type, its main characteristics and associated implications in the early-stage USO 

development process. 

  

 
Figure 5.3. The results of hierarchical clustering using ward’s D2 method on 108 USO grant 

proposals, identifying 7 USO clusters (i.e. USO types).  
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Table 5.3. Descriptive statistics of 7 USO types. 

 
 

 

 

 

5.4.2.1. USO Type 1: The Balanced Exploitation Focused USO 

This type of USO has a balanced orientation regarding technology and 

commercialisation, with a notable focus on exploitation activities (see Table 5.3). 

Our findings indicate that this USO type can be characterised by the ability to 

monitor, analyse, and address specific customer needs and existing technological 

challenges in selected markets. At the same time, the technological competence 

enables this type of USO to assess the current technical requirements and react to 

the identified technological problem by introducing solutions to a particular market. 

Consequently, the USO can exploit its core technology that both addresses an 

existing technological problem in a specific industry, and also provides incremental 

improvements to existing products and services.  

“Besides that, some real problems have been defined in this market for which this [USO product] 

has a real solution. Therefore, it was decided that the [USO product] will be the new subject for 

this valorisation application” [VG 06]. 

“Phase 2 will comprise preparation activities for the commercial roll-out of [USO] in the 

automotive market and negotiations with investors to support up-scaling of software sales and the 

company” [VG 07]. 

USO Types N

Mean of 

first-order 

technological

Mean of 

second-order 

R&D

Mean of 

first-order 

customer

Mean of 

second-order 

marketing

Mean of USO 

competence-

orientation

Mean of USO 

competence-

order

Type 1: The balanced 

exploitation focused 

USO

29 0.405 0.081 0.384 0.130 0.485 0.211

Type 2: The 

technology - scaling 

USO

21 0.397 0.150 0.290 0.164 0.547 0.314

Type 3: The 

technology optimising 

USO

25 0.479 0.101 0.298 0.122 0.579 0.223

Type 4: The 

technology exploring 

USO

6 0.287 0.327 0.252 0.134 0.614 0.461

Type 5: The market 

exploring USO
9 0.336 0.077 0.284 0.303 0.413 0.380

Type 6: The market 

exploiting USO
14 0.294 0.072 0.508 0.125 0.366 0.197

Type 7: The 

technology exploiting 

USO

4 0.654 0.047 0.226 0.073 0.701 0.120
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A core strength of this type of USO is the ability to create and optimise the 

entire supply chain fostering access to timely and cost-efficient sales and 

distribution channels, in addition to initial production facilities contributing to a 

short-term competitive advantage. A further characteristic of this type of USO is 

the ability to access and form partnerships with selected launch customers, and 

therefore further facilitate the introduction of technology to the selected market. 

However, this type of USO risks becoming overly dependent on the launch 

customer’s demands and current market needs. Without sufficient second-order 

competences to call upon in the longer-term, this type of USO risks its output being 

less competitive than an alternative solution with improved performance and 

innovative characteristics. Additionally, the absence of second-order competences 

can diminish the opportunities to recognise and to react to new profitable market 

segments and restrict new opportunities for the strategic commercialisation of the 

USO’s technological portfolio. Finally, lacking second-order competence threatens 

learning and generating new core advantages from the technological and R&D 

perspective. 

 

5.4.2.2. USO Type 2: The Technology-Scaling USO 

Our results indicate that this type of USO is mainly focused on first-order 

technological competence rather than first-order customer competence (see Table 

5.3). However, this USO type also has a notable focus on second-order 

competences. We thus conclude that this USO type is largely oriented towards 

introducing high-quality technological solutions, based on the USO’s proof-of-

concept and the results of technical and commercial feasibility studies. This type of 

USO signals an ability to perform realistic and detailed estimations of the 

technological requirements to develop a prototype or a complete product with 

specific capabilities. 

“The project goal is to develop a [product] that is scalable, flexible, low-cost, easy to use and multi-

purpose” [VG 08]. 

“The goal of the valorisation project is to make the current prototype marketable by improving its 

robustness, power consumption and ease-of-use” [VG 09]. 

A notable degree of technological competence, often based on patented 

knowledge, complemented with the presence of second-order competences enables 

this type of USO not only to produce state-of-the-art technology with innovative 

elements, but also to accumulate a sufficient potential to create follow-up products. 

An important characteristic of this USO profile is a reliance on establishing new 

partnerships. By engaging in collaborative activities, either with its parent university 
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or its external partners, this type of USO benefits from access to production 

facilities enabling the venture to scale production volumes. However, while 

signalling an ability to utilise its current technology and IP portfolio, successful 

development and future growth is dependent on the ability to enter specific markets 

and to attract the initial customer base; therefore, access to and the ability to develop 

sales and distribution channels might be critical. Furthermore, the technology-scaling 

USO risks becoming overly reliant on facilitating technological developments at the 

expense of further commercialisation activities in the short, medium and long-term, 

which might hinder further options to attract additional external funding. 

 

5.4.2.3. USO Type 3: The Technology Optimising USO 

This USO type is characterised by a distinct focus on first-order technological 

competence rather than first-order customer competence, as well as a stronger 

focus on exploitative activities in contrast to explorative activities. A key 

characteristic of this USO type is the focus on optimising technological solutions 

to foster existing products and services in a target market. Specifically, this type of 

USO indicates a strong technological competence evident in at least two abilities: 

(1) to monitor and comprehensively assess the existing technology offerings and 

current technical standards in selected markets; (2) to exploit the USO’s 

technological knowledge and resources to design and manufacture a product with 

specific advantages over the existing solutions (e.g. increased speed and precision, 

increased capacity and reduced production costs, optimised performance and 

reduced errors, reduced preparation time and enhanced diagnostic capabilities, etc.). 

 “The advantage of this system is that it allows the detection of sharp corners along the seam path, 

and simplifies the robot movement over complex 3D trajectories, thus reducing the positioning errors 

due to robot dynamics” [VG 10]. 

The USOs’ optimising abilities manifest in demonstrations of initial proof-

of-concepts and prototypes, initial product developments optimising the 

performance of existing alternatives with additional opportunities for customisation 

for specific technical requirements, and to new and enhanced product 

developments. From a longer-term perspective, by leveraging first-order 

technological competence and developing additional second-order competences, 

this USO type could benefit from technology and market leveraging, hence by 

entering new markets with its existing solutions, and especially, by designing new 

products for a variety of customer segments with specific technical requirements. 

However, while this USO type indicates the presence of an ability to identify and 

conduct a preliminary assessment of the target markets, the lack of customer 
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competence presents a risk that the USO will not find initial customers and could 

struggle to achieve the necessary degree of venture scaling. Consequently, further 

growth of the technology-optimising USO is dependent not only on the ability to identify 

existing customer needs in the market, but also by the ability to design and introduce 

entirely new technological solutions with innovative features to the market. 

 

5.4.2.4. USO Type 4:  The Technology-Exploring USO 

This USO type indicates a major technology exploration focus by 

simultaneously scoring highest on the second-order R&D competence and lowest 

on the first-order technological competence among the identified USO types (see 

Table 5.3). In particular, USOs of this type are oriented towards research and 

development and focus on exploration. Technology-exploring USOs share the ability to 

develop highly innovative technologies fostering: (1) creation of a strong IP 

portfolio; and (2) continuous new product developments aimed at solving complex, 

large-scale technological needs of various markets and industries. 

“This valorisation focuses on the creation of an IPR portfolio based on recent findings created by 

applying our technology and the development of a new approach and accompanying protocols to 

broaden the application of the [USO] technology” [VG 11]. 

A high degree of R&D competence enables this type of USO to introduce 

novel technologies, which could lead to significant cost savings in clinical trials or 

animal experiments in the drug development process, and replace the existing 

technologies by providing new alternatives with an improved performance. 

Furthermore, this competence composition enables USOs to deliver products and 

services that are customised for a large variety of clients and markets meeting the 

latest technical requirements. While this USO type indicates a prominent focus on 

technology exploration activities, it also shares a sufficient degree of first-order 

customer competence that makes it possible to identify and analyse the target 

market needs and also to develop an efficient business strategy. Thus, a core 

strength of this USO type is the ability to position the academic venture as a 

technological expert on selected markets. However, further growth and 

development of this USO type require the ability to attract financial and resource 

investments to support current and upcoming R&D activities, even more so as 

compared to other USO types. The ability to secure sufficient funding becomes 

critical in the short- and medium-term, related also to the specifics of the products 

and services provided. As such, the risk for the USO is that the R&D expenses, 

especially in the longer-term, increase dependence on additional external investors 

and funding parties. In addition, maintaining an orientation towards highly 
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innovative product development requires a sufficient degree of technical expertise 

from clients to successfully install and integrate the USO’s technology, potentially 

leading to a market lock-in situation, where the USO becomes too dependent on a 

limited number of niche markets. Therefore, if the USO is to thrive it is necessary 

to develop second-order marketing competence to identify and enter new markets 

by means of new sales and distribution channels, based on the USO’s ability to 

customise its technological portfolio. In short, to avoid scaling problems, the 

technology-exploring USO needs to find the right balance between a focus on future 

technology developments and profitability in current markets, while also 

maintaining focus on internal and external capital. 

5.4.2.5. USO Type 5: The Market-Exploring USO 

This type of USO exhibits a major focus on market-exploration activities by 

scoring the highest on the second-order marketing competence among the 

identified USO types, and shows a relatively balanced distribution of first-order 

technological and first-order customer competences (see Table 5.3). Our analysis 

further indicates that this USO type is characterised by the ability to leverage the 

existing technological portfolio by identifying several new commercial applications 

(e.g. leveraging short-pulse lasers from telecommunications and biomedical imaging 

to spectroscopy and metrology) as well as, the ability to secure and extend a 

portfolio of (early launch) customers on regional and foreign markets. Furthermore, 

a high degree of second-order marketing competence in combination with the first-

order competences enables this USO type to leverage close ties with its parent 

university, to attract and engage new partners and suppliers, and to attract additional 

investors, hence fostering USO development. 

“Graphene is a potential ‘dream material’ for application in a wide and rapidly expanding variety 

of fields with enormous business potential” [VG 12]. 

“[USO] has at this moment in its portfolio four potential customer projects with SMEs and one 

multinational to start co-developing devices and applications based on [USO’s] products and 

services” [VG 13]. 

A core strength of the market-exploring USO is the ability to gain initial 

market share across different industries based on the ability to identify current and 

emerging market needs, alongside securing the active involvement of initial 

customers and new partners in co-creation activities. Accordingly, this USO type 

can adopt an experimental, flexible approach to business development based on 

continuous monitoring and evaluating the market and specific domain/industry 

changes. The second-order marketing competence enables the USO to quickly 

adjust its business and competitive strategy to match technology development 
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trajectories to new customer and marketing needs. By making use of accumulated 

network resources this USO type can compensate for the absence of internal R&D 

and large-scale production resources. However, lacking technological and R&D 

competences in the longer-term may hinder scaling and enhance the risk of failure, 

especially in the case of considerable dependence on strategic business partners, 

including lead users and suppliers. Therefore, the future growth of the market-

exploring USO is dependent on the ability to balance the current distribution and 

sales activities and the exploration of new high-tech business opportunities and 

market segments. Sustaining profit generation and thereby continued exploration 

may be jeopardised if the USO fails to devote enough attention to commercialising 

its current portfolio of technological products in a cost-efficient, timely, and 

optimised manner.   

 

5.4.2.6. USO Type 6: The Market-Exploiting USO 

This USO type is characterised by a major focus on exploitative activities 

oriented towards commercialisation, and scores highest on first-order customer 

competence among the identified USO types. The market-exploiting USO exhibits 

comparatively limited second-order competences and a relatively low degree of 

first-order technological competence. A prominent first-order customer 

competence enables the market-exploiting USO to gather and exploit the insights from 

comprehensive SWOT and commercial feasibility studies to develop an optimal 

business model and business strategy, respectively. More specifically, this 

competence composition of the market-exploiting USO manifests in distinctive 

activities, such as identifying existing state-of-the-art alternatives and their key 

features, and comparing the USO’s solution in terms of its competitive advantages 

(e.g. speed, accuracy, maintenance costs, security); conducting an in-depth market 

analysis and selecting key customer segments; identifying and engaging in 

collaborative partnerships, identifying and attracting launch customers in the early 

stage of venture development, thus preparing the ground for further 

commercialisation activities. 

 “Together with Center for Entrepreneurship, value drivers at each stage of the business are clearly 

identified and a realistic SWOT analysis has been performed. Many companies like [company 

X], [company Y], etc. are willing to participate in a pilot phase with [USO] and their support 

letters are attached in the appendix. The financial support will be used for developing commercial 

software, pilot-phase work and to build a commercial base” [VG 14]. 
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A core strength of this USO type is the ability to develop a complete 

commercial understanding of the existing USO’s products and services with 

reference to the current state-of-the-art, and exploit its current resources and 

knowledge to ensure successful market penetration with a shorter time-to-market 

than could be offered by potential competitors. A further characteristic of the 

market-exploiting USO is a different use of the initial secured funding in comparison 

to other identified USO types. For instance, in comparison to the balanced exploitation 

focused USO (Type 1), this type of USO has a limited first-order technological 

competence, and is therefore dependent on technological partners supporting 

further product development and outsourcing. Therefore, inevitable components 

of the initial business activities involve product presentations and demonstrations, 

negotiations with potential partners and searching for additional funding and 

external investors. In comparison to the market-exploring USO (Type 5), this USO 

type is not focused on seeking multiple new product applications and various 

markets for business activities, and therefore operates in niche-markets of limited 

selection. To ensure growth and further development of the venture, the market-

exploiting USO focuses on obtaining high market share in a selected market by 

addressing end-user needs in close collaboration with the partner network. Hence, 

without a sufficient degree of second-order competences, this USO type faces a 

high risk of market lock-in and high dependency from the selected market 

dynamics. Finally, this USO type is also highly dependent on the efficiency of the 

partner network and outsourcing activities with an additional need to continuously 

optimise the efficiency of production processes (i.e. reduction of production and 

maintenance costs). 

 

5.4.2.7. USO Type 7: The Technology-Exploiting USO 

Technology-exploiting USOs have a strong focus on technology exploitation 

activities, scoring the highest on the first-order technological competence among 

the identified USO types, while simultaneously reporting the lowest scores on the 

second-order R&D, first-order customer and second-order marketing competence, 

respectively (see Table 3). The business operations of this USO type are largely 

driven by the scientific research of the academic entrepreneurs involved conducted 

at the parent university. Accordingly, the main goal of a technology-exploiting USO is 

to transform scientific research results and patented knowledge into a commercially 

viable product with specific technical parameters. 
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“The aim of the project is to build a system capable of capturing, processing and communicating all 

these parameters, while providing real-time feedback to the users” [VG 15]. 

“A patent was filed that contains a new technology which allows fast and more efficient routing of 

Internet traffic through wide-area networks. The proposed forwarding engine scales its resource-cost, 

power and latency 2 to 4 times better than any existing solution” [VG 16]. 

A core strength of the technology-exploiting USO is the ability to produce 

complex and highly innovative research-based technological solutions addressing 

specific technological problems while significantly outperforming existing 

alternatives on the market (e.g. patented technology with significantly improved 

speed and measurement capabilities, power and latency, higher data processing and 

real-time feedback, etc.). A further distinctive characteristic of this USO type is that 

further development activities and financial investments target attracting additional 

technological resources and knowledge (e.g. by employing new engineers and 

contacting industrial partners) to further optimise the performance of provided 

technologies. Consequently, by exploiting existing technological capital, this USO 

type can benefit from taking the lead expert role in the short- and medium-term, 

and acquire a sufficient portfolio of early customers in specific niche-markets. 

However, the lack of second-order competences can further reinforce the role of 

scientific research in this USO type, and therefore notably hinder the scaling and 

commercial development possibilities. Consequently, for the technology-exploiting 

USO growth is highly dependent on investments in second-order competences, and 

on the ability to detect new and diverse applications of the existing technology 

alongside the ability to enter different market segments. 

 

5.5. Discussion 

Research and practice highlight the importance of considering USO 

heterogeneity and the differences in competences as well as the use of state-of-the 

art techniques. To advance the theoretical understanding of USOs and explore their 

differences in new and useful ways, this study used topic modelling and hierarchical 

clustering to develop and validate a typology of USOs based on their self-perceived 

competences. Our typology can be regarded as an important milestone that can 

serve as a catalyst for future empirical research. We applied theoretical rigour in the 

conceptual grounding while following rigorous procedures to test and validate the 

USO typology. This elaborate procedure resulted in seven types of USOs along two 

competence orientations and foci: technological/R&D and customer/marketing, 

that were, based on a comprehensive content analysis of the full text of USO 
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funding applications, characterised according to their current shaping and their 

future development. 

The current study differentiates between USO types largely oriented towards 

technology developments (i.e. Technology-scaling USO (Type 2), Technology-optimising 

USO (Type 3), Technology-exploring USO (Type 4), Technology-exploiting USO (Type 7)) and 

USO types largely oriented towards commercialisation (i.e. Market-exploring USO 

(Type 5), Market-exploiting USO (Type 6)) characterised by a higher degree of 

customer/marketing competences at the expense of technology/R&D competence. 

An outlier is the Balanced exploitation focused USO (Type 1) that has a relatively equal 

distribution of competences related to technology development and 

commercialisation. In a similar manner, we differentiated USO types predominantly 

focused on exploitative activities (i.e. Balanced exploitation focused USO, Technology-

optimising USO, Market-exploiting USO, Technology-exploiting USO) in contrast to USO 

types with a focus on exploration activities (i.e. Technology-exploring USO, Market-

exploring USO, and to some extent Technology-scaling USO). 

Beyond identifying USO types, our study projections allowed us to consider 

path dependencies and strategies of USOs and therefore discuss future-related 

benefits and drawbacks for each USO type. This in-depth characterisation serves as 

a valuable point of departure for researchers conducting university spin-off research 

and practitioners developing (policy) measures to support university spin-off 

success. In fact, by adopting an imprinting perspective (Ciuchta et al. 2016), we 

followed the notion that in the early venture stage, self-perceived competences will 

determine future technological and market-related development trajectories. At the 

same time, we need to consider that the initial USO competence projections that 

might have delivered advantages over competitors will present challenges under the 

volatile and dynamic conditions characterising academic venture environments. In 

line with this argumentation, exploitation-oriented USOs in particular may need to 

expand or even renew their competence portfolios in response to the changing 

market conditions. However, as the USO development is path dependent, USOs 

with a lack of renewal ability may be challenged with respect to flexibility and change 

(Schreyögg and Kliesch-Eberl 2007). That is, initially successful competence 

manifestations may generate positive feedback loops, and thereby initiate self-

reinforcing processes that can lead to paths that limit the scope for ambidextrous 

entrepreneurial engagement or even lead to a lock-in (Schreyögg and Kliesch-Eberl 

2007). Thus, firms make long-term, quasi-irreversible commitments to certain 

domains of competence that determine development patterns (Danneels 2002). For 

instance, Technology-exploring USOs might use external sources to compensate for 



 

166 

 

their limited abilities in the market domain. However, if the USO lacks the necessary 

degree of competence to assimilate and exploit this market knowledge, as may be 

the case for Technology-exploiting USOs, then the external sources will be of limited 

use (Gruber et al. 2013). A similar situation might arise for Market-exploring USOs 

and Market-exploiting USOs with limited abilities in the technological domain. 

Accordingly, to achieve sustained competitive advantage and leverage new 

opportunities, USOs might implement a balanced and thereby ambidextrous 

approach to their investment in competences. Similarly, technological diversity in a 

venture presents an opportunity to prevent an early lock-in, facilitates recombinant 

innovation, increases the resilience of the technology in unexpected circumstances, 

and allows market growth. At the same time, technological diversity could also 

increase production costs, hinder economies of scale, and impede standardisation 

and the learning of routines (Páez-Avilés et al. 2018). Thus, by evaluating their 

USOs in terms of their first- and second-order competence distributions, academic 

entrepreneurs are able to identify opportunities and threats and design interventions 

supporting further development trajectories. 

 

5.5.1. Implications 

This study contributes to university spin-off research and the broader 

literature on academic entrepreneurship. First, this paper has shown that 

unsupervised machine learning is a valid and useful method to make scientific use 

of large-scale textual data in the realm of research policy. In particular, this study 

advances an approach with considerable scalability advantages compared to existing 

approaches, an important issue to consider when textual sources become big data. 

If properly and rigorously executed, this method has the potential to generate new 

and actionable insights for academics and businesses (Buenstorf and Heinisch 2020; 

Sivarajah et al. 2017) as it permits performing unique analyses regarding emerging 

opportunities and challenges in a more efficient and timely manner than was 

possible previously.  

Second, this study extends the application of the first- and second-order 

competence-based perspective to the context of USOs. In fact, the current research 

contributes a novel typology that provides a multidimensional conceptualisation of 

USOs based on their projections of higher- versus lower-order competences in 

relation to technology development and commercialisation and also generates 

explanations of why different types of USOs may behave differently in the 

development process. At the practical level, the USO types reflect strategies each 
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type develops to reflect their competences that differentiate them from their 

competitors. 

The identification of USO types has implications for both policy-makers 

and start-up accelerators. For policy-makers, the different strategies should prompt 

them to consider USO competence portfolios and their associated differences when 

distributing valorisation grants and designing measures for enhancing USOs’ 

economic and societal impact at regional and national levels. For business 

accelerators, our study offers a scanning tool that enhances an accelerator’s ability 

to assess the different needs of start-ups embarking on start-up training 

programmes and to address them properly. The various USO strategies demand a 

different approach of coaches and a tailor-made training programme. Accelerators 

able to quickly recognise the strategy followed by a USO, can help develop their 

core competences further and focus on the competences that USO still needs to 

implement its specific strategy. This process could help the development and 

further growth process of USOs, which could benefit the local economy and 

ecosystem tremendously. 

 

 

5.5.2. Limitations and Future Research Avenues 

 

This study has certain limitations that present opportunities for further 

research. With regard to LDA analysis, we set specific thresholds in the process of 

corpus development, such as a document bound threshold (i.e. the number of 

documents that include a certain term) and one related to term frequencies. Here, 

additional experimentation with different parameters, including hyperparameters, in 

the process of corpus development could provide interesting insights. 

Second, the dataset used in this paper is limited to grant proposals 

submitted for early-stage funding. In fact, our analysis is restricted to USOs that 

have received first-round funding support and successfully completed the 

technological feasibility study and initial evaluation of the commercial potential. 

This enabled us to perform our analysis and conduct a comprehensive evaluation 

of different USO types, based on a probabilistic distribution. However, this data 

restriction excludes USOs that potentially lack one or several types of USO 

competence (e.g. purely technological USOs that do not aim to commercialise their 

technologies directly but to entirely outsource that function to other parties). It 

might therefore be interesting to examine additional differences between USOs 
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with a balanced competence portfolio and USOs with a strong technological focus, 

introducing the measurement of technological diversity. 

Third, this study provides limited insights into causal effects regarding 

early-stage USO funding success, and also USO’s long-term financial and 

operational performance. An important step in establishing additional validity 

regarding our typology would be to test relationships with outcomes in the business 

domain and academia such as performance, patents (including patent citations), and 

publication quality and quantity. To do so scholars could focus on how USOs with 

different competences shape growth in both the business and academic spheres. 

Moreover, it would be interesting to explore whether and how distinct USO types 

affect financial performance and throughput and output innovation (i.e., 

operational performance). We speculate that a technology-exploring USO may, in fact, 

outperform a market-exploring USO on the innovation dimension, as the former tend 

to address more novel technological needs. However, the market-exploring USO may 

lead in terms of financial performance because of the established access to various 

customer segments and markets, as well as the ability to identify new markets. The 

insights obtained by such outcome-focused studies would likely be of interest not 

only to scholars of research policy and innovation but also to those interested in 

strategic management. We would encourage further research in this area, and 

recommend such studies use international samples and across industries to further 

increase the generalisability of our typology in addition to embedding USOs in their 

nomological network. We also call for longitudinal research to investigate policy 

changes and examine which conditions lead to certain competence manifestations. 

Turning from outcomes to antecedents, we hope that our typology will provide a 

basis for scholars to shed important light on the differences in antecedents of USOs 

and thereby their competence portfolios. 

We began this paper by noting that USOs are heterogeneous and require a 

myriad of competences to deal with the challenges arising from the embeddedness 

in the university and business sphere. Through this study using unsupervised 

machine learning techniques, we offer a self-perceived competence-based typology 

of USOs that can help researchers and policy-makers in their quest for an improved 

understanding of USOs. Ultimately, insights in this vein may not only advance our 

knowledge of emerging academic ventures but also of established USOs, given that 

the imprint of USO competences will be profound. 
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Appendix 

 
Appendix A. Overview of 20 resulting topics based on LDA results assigned to first-order 

technological, second-order R&D, first-order customer, second-order marketing competence with top 

5 terms based on associated probabilities, and corresponding full-text examples. 

Competence Topic Term Beta 
Term examples used in full-text 
grant proposals 

First-order 
technological 

Topic 2 system integr 0.097 

The new [USO solution] design will 
be integrated in scanning system 
modules for existing system 
integrators. 

First-order 
technological 

Topic 2 measur system 0.073 

We present the concept of a 
complete measurement system for 
cycling, including the main 
performance parameters and the 
different [metrics] used to assess 
these parameters. 

First-order 
technological 

Topic 2 system design 0.073 

The healthcare industry could also 
benefit from the unique combination 
of performance-driven control and 
system design, exploiting innovations 
in mechanical design principles and 
optimal controller synthesis to 
develop medical robots.  

First-order 
technological 

Topic 2 system develop 0.067 

The special features of our 
[technology] system outperform 
conventional therapeutics and other 
[..] systems under development [..]. 

First-order 
technological 

Topic 2 industri design 0.050 

Important aspects of the product 
development are: hardware 
configuration, operating system, 
industrial design, software application 
[..]. 

First-order 
technological 

Topic 8 product test 0.087 Final product testing 

First-order 
technological 

Topic 8 develop platform 0.073 

This newly developed platform 
technology covers not only a route to 
mass manufacture [technology] by 
replication but is specifically designed 
to generate application- tailored, 
intelligent solution based on a wide 
choice of advanced replication 
materials. 

First-order 
technological 

Topic 8 cost reduct 0.054 
Cost reduction of the mixed-signal 
test solution is an important aspect 
[..]. 

First-order 
technological 

Topic 8 system market 0.046 
[USO solution] however is the most 
advanced [..] system on the market 
today 
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First-order 
technological 

Topic 8 busi opportun 0.035 
Based on the technology, there are 
three major, distinct types of business 
opportunities that can be developed 

First-order 
technological 

Topic 12 cost save 0.075 

Besides the advantage of the joining 
technology avoiding the risk of 
leakage, the joining process can save 
money because it is realized quicker 
than state of the art joining 
technologies. It is shown that cost 
savings can be about 65% during 
installation of transport pipes 

First-order 
technological 

Topic 12 spinoff compani 0.075 

The [USO] is an ambitious 
[university] spin-off company which 
develops innovative, [..] software and 
solutions 

First-order 
technological 

Topic 12 commerci feasibl 0.054 

Our  commercial  feasibility  study  
within  phase 1 identified  the [..] 
market as the market with the highest 
potential for a successful launch of 
our product. The accompanying 
technical feasibility study of the grant 
showed that our technique is capable 
of meeting the markets production 
volume needs by creating stable, 
uniformly sized microbubbles. 
Finally, both of these  studies 
indicated that a path to 
commercialisation was feasible and to 
progress further would require the 
founding of a start-up company in 
which we could develop our product.  

First-order 
technological 

Topic 12 product method 0.049 
Our initial strategy is to use our 
unique production method to create 
[technology], under licence 

First-order 
technological 

Topic 12 test result 0.040 

Our test results show that [USO] 
energy harvesters (at current stage of 
design) provide about 4 times more 
energy than conventional energy 
harvesters, while benefiting from 3.5 
times larger bandwidth.  

First-order 
technological 

Topic 14 mass product 0.105 
An international  patent  application, 
related  to the mass production of 
[technology], has been submitted  

First-order 
technological 

Topic 14 technic develop 0.067 

While we initially generated the 
ultrasound locally, our recent 
technical developments have shown 
that ultrasound generated by existing 
equipment work equally well 

First-order 
technological 

Topic 14 high speed 0.043 

[Technology] provides the high speed 
scanning necessary for high power, 
high repetition [..] and is suitable for 
[..] 
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First-order 
technological 

Topic 14 direct competitor 0.041 

Since [USO] will have exclusive 
worldwide license on [technology] 
the new company has no direct 
competitor on its core technology. 

First-order 
technological 

Topic 14 competit product 0.031 

Difficulties to reach and expand in 
that region  are  expected  from  
competitive  products  as  most  
probably  copies  of  the  developed 
hardware and software will surface 
regardless the obtained protection 
measures 

First-order 
technological 

Topic 16 suppli chain 0.095 

In this phase it will require a large 
investment to process both 
[technologies] and have these made 
into assemblies. This process is the 
riskiest part in the supply chain since 
the only available suppliers do not 
accept any liabilities of possible 
failures. 

First-order 
technological 

Topic 16 strateg partner 0.089 

Such collaboration with strategic 
partners enables [USO] to scale up in 
an accelerated manner as well as 
enables to distribute [technology] in a 
cost-effective manner.  

First-order 
technological 

Topic 16 valu proposit 0.069 

With a highly distinctive design, 
installation freedom and low price, 
[USO] offers a unique value 
proposition to is customers. 

First-order 
technological 

Topic 16 oper cost 0.047 

However a higher price is justified if 
it can be communicated to the 
authorities that operational cost will 
drop drastically as a result of a longer 
use during the first use term and a 
possibly a second term by (partial) re-
supply of [..] 

First-order 
technological 

Topic 16 product facil 0.044 

[..] ‘basic engineering’ activities for a 
production facility consisting out of 
1, 5 or 10 [..] reactors in parallel to 
meet the production capacity 
demand.   

First-order 
technological 

Topic 18 potenti user 0.077 

For each application a demonstrator 
is built which is presented to the 
potential users and collaboration for 
further exploitation is set up. 

First-order 
technological 

Topic 18 research group 0.077 

From  all  the research groups in the 
world, the [university’] is the only 
research group that successfully 
created [technology] that would be 
strong enough  [..] 

First-order 
technological 

Topic 18 commerci activ 0.051 
The third phase will focus on a roll 
out of the software  throughout  the 
EU and initiate first commercial 
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activities in the US and possibly in 
Asia.   

First-order 
technological 

Topic 18 develop cost 0.039 
The  first  product  will  be  more  
expensive  due  to development 
costs. 

First-order 
technological 

Topic 18 solv problem 0.039 
An important breakthrough to solve 
these problems was introduced by 
employing [technology]  

First-order 
technological 

Topic 19 platform technolog 0.101 

A proof-of-prinicple of such novel 
platform technology has been 
demonstrated throughout phase 1 
including the use of advanced [..] 
materials.  

First-order 
technological 

Topic 19 valu chain 0.092 

Activities throughout this first phase 
were concentrated on addressing  
initial design flaws and building up an 
R&D consortium  representing  the 
complete value chain. 

First-order 
technological 

Topic 19 user interfac 0.077 
The accompanying software user 
interface has to be adjusted to the 
industrial needs.  

First-order 
technological 

Topic 19 product readi 0.068 

To make the product ready for 
commercial launch, we will first 
perform system and usability testing. 
Then, we will run an internal pilot 
with friendly customers and finally an 
external pilot with a real customer 
and end users. 

First-order 
technological 

Topic 19 licens fee 0.046 

During the R&D phase investments 
are needed to cover all the costs as 
no income is generated yet. From 
2011 on [USO] will be able to 
generate enough income from license 
fees to cover the costs 

First-order 
technological 

Topic 21 state art 0.086 

Under such agreement [USO] is 
offered the unique opportunity to 
build value while benefiting from the 
state-of-the-art research facilities and 
technical know-how at the 
[university] and [partner].  

First-order 
technological 

Topic 21 power consumpt 0.069 

The techniques and methodologies 
developed in this project will be 
validated by both a specification and 
an implementation of a broadband 
wireless communication transceiver 
that achieves the lowest power 
consumption from a system point of 
view for a guaranteed  performance 
under varying [..] conditions.   

First-order 
technological 

Topic 21 commerci exploit 0.066 

This new invention is the object of 
the currently commenced 
valorization trajectory, in which we 
aim at maturing the technology in 
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order to prepare it for commercial 
exploitation.  

First-order 
technological 

Topic 21 develop test 0.043 

The prototype that was developed 

and tested in the phase‐1  project will 
serve as starting  point for the 
development of the production type.   

First-order 
technological 

Topic 21 success complet 0.035 
The first step is successfully 
completed and we already have a 
proof of concept design 

Second-order 
R&D 

Topic 1 freedom oper 0.077 

The free use of the technology is 
limited in the bigger European 
countries, without however any 
limitation for the Netherlands. It is 
conceivable that the owner of the 
basic technology will try to limit the 
freedom to operate of [USO] the 
moment [USO] will become active in 
this field. We are currently 
investigating how we can ensure our 
freedom to operate. 

Second-order 
R&D 

Topic 1 close collabor 0.069 

Our close collaboration with 
[partner] and the shareholders 
participation of key opinion leaders 
in the area of pharmacology, 
toxicology and nephrology will 
guarantee our future success in new 
product development and innovative 
new products and services 

Second-order 
R&D 

Topic 1 ip portfolio 0.064 

[..]  new technology shows a 
favourable patentability and creates 
opportunities to further expand its IP 
portfolio. 

Second-order 
R&D 

Topic 1 high throughput 0.058 

Unprecedented process 
controllability combined with high 
throughput makes this technology 
unique. It enables higher  resource 
and  energy  efficiency, improves  
product quality and allows extension 
of process windows. Potentially it will 
trigger a technological breakthrough  
in industry 

Second-order 
R&D 

Topic 1 develop process 0.054 
The development process leading to 
the launch of the primary product 
consists of two main parts.  

Second-order 
R&D 

Topic 15 signal process 0.074 

The next step is to investigate 
whether our technology is up to the 
technical requirements of real- time 
signal processing in a [technology 
domain]  

Second-order 
R&D 

Topic 15 field test 0.055 
These smart software systems need 
to be developed together with clients. 
Before clients want to develop 
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applications, the [technology] needs 
to be a thoroughly field-tested [..]. 

Second-order 
R&D 

Topic 15 prototyp develop 0.044 

The grant will be used primarily to 
develop prototypes and 
preproduction units in support of 
lead users in different application and 
geographic areas and to support 
research of the useful functionality 
and reliability of the [..] concept in 
new areas. 

Second-order 
R&D 

Topic 15 design prototyp 0.040 

For large component vendors we 
want to offer design and prototype 
service capable of doing new product 
development, either on their 
technology platform (design service) 
or on our own generic platform 
(prototype service).  

Second-order 
R&D 

Topic 15 prototyp product 0.033 

Our [..] products need further 
development towards functional 
prototypes and products, which is the 
main goal of the phase 2 project. 

First-order 
customer 

Topic 3 product servic 0.111 

[..] the basic premises are fulfilled for 
[USO] to grow and start developing 
its own company existence, since 
there is know-how and sources of 
talented people, industrial experience 
and industrial relations and a lead 
costumer for the first products and 
services 

First-order 
customer 

Topic 3 model base 0.104 

This will transform the current 
earnings model based on consultancy 
to an earnings model based on sales 
of software licenses and consultancy.  

First-order 
customer 

Topic 3 support letter 0.052 

The uniqueness of [USO] and its 
ability to result in cost savings in 
industry is stressed by the following 
quotes taken from the support letters 
attached [..]. 

First-order 
customer 

Topic 3 busi strategi 0.047 

Business strategy in detail will be 
driven by achieving value drivers 
those are generated using Porter’s 
value chain model.  

First-order 
customer 

Topic 3 real time 0.047 

USO provides the following 
customer values: Improvement of 
accuracy of execution based on (near-
) real time image acquisition and 
hence immediate actuation of the 
movements during the intervention. 

First-order 
customer 

Topic 5 test perform 0.060 

To assess user acceptance of the 
newly developed prototypes, a user 
acceptance test has been performed. 
Test were performed in the skills lab 
of [research institution].  



 

175 

 

First-order 
customer 

Topic 5 market plan 0.047 

We want to remark that  for the first 
two years [USO] is not supposed  to 
generate commercial revenues  (this 
is one of the assumptions of the 
grant) and that  it would be too 

premature  to have a very fine‐
grained marketing plan at this stage 

First-order 
customer 

Topic 5 process develop 0.039 

[USO] will be responsible to raise 
funding for lead identification and 
process development, but does not 
intend to carry out clinical studies 
because of the larger investments 
required.  

First-order 
customer 

Topic 5 letter intent 0.037 
[University] is open to negotiate for a 
license agreement and a letter of 
intent is included  

First-order 
customer 

Topic 5 team member 0.031 

We depend on the dedication and 
know-how of the [USO] team 
members. We run the risk of having 
key personnel opting for jobs 
elsewhere. How to manage: We 
cherish the core team members and 
commit them to the success of 
[product] and [USO] by giving them 
options to purchase shares at the 
beginning of [next phase]. 
Furthermore we are protecting the 
knowledge by our IPR strategy. 

First-order 
customer 

Topic 6 market studi 0.095 

The market study conclusions of the 
resulting feasibility study indicate that 
the technology of [USO] and its 
related unique selling points [..] are 
positively received and recognized as 
fulfilling unmet needs of currently 
available [solutions]. 

First-order 
customer 

Topic 6 nich market 0.084 
We focus on the same niche market, 
we want to be seen as the [..] 
specialists. 

First-order 
customer 

Topic 6 scientif research 0.072 

Thus, there  will be a very strong link 
between scientific research on the 
one hand and practical studies on the 
other hand 

First-order 
customer 

Topic 6 market demand 0.055 
The market demand is driven by our 
launching customer [company]. 

First-order 
customer 

Topic 6 market focus 0.041 

[USO] will deliberately deviate from 
the ‘common wisdom’ for start-up 
companies to focus on a (niche) 
market and will have a broad market 
focus. The rationale is that both from 
a technical and from a commercial 
point of view there is no good reason 
why not to pursue a broad range of 
industries.  
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First-order 
customer 

Topic 7 earli adopt 0.072 

While growing the market with early 
adopter customers, we will develop 
our positioning strategy and product 
solution for a niche in the 
mainstream business intelligence 
market 

First-order 
customer 

Topic 7 control system 0.065 

These control systems based on more 
effective [technology] would certainly 
help to save thousands of lives every 
year world-wide and to diminish the 
economic losses [..]. 

First-order 
customer 

Topic 7 product plan 0.062 
A release of [USO solution] as a 
product is planned for the year [X] 

First-order 
customer 

Topic 7 manag system 0.057 

Our business developer will build an 
account management system to 
ensure that by the end of phase 2 
there will be sufficient customers 
ready to buy products 

First-order 
customer 

Topic 7 first sale 0.042 

It is expected that the first [USO] 
sales will be acquired through the 
institutions that are already involved 
in the testing phase.  

First-order 
customer 

Topic 9 direct sale 0.068 

[USO] business model will include (i) 
direct sales and redistribution, and (ii) 
out-licensing. [USO] should continue 
to expand this product line, based on 
the increase in current direct sales, as 
well as agreed or requested 
distribution agreements.  

First-order 
customer 

Topic 9 earn model 0.056 

We have several parallel earning-
models, each of them is shortly 
described below. We are currently 
providing custom solutions (see 
Earnings model 1), but will use phase 
2 to gradually move towards our 
cloud model solutions (Earning 
models 2, 3, and 4). Model 1: 
customisation; Model 2: pay-per-
query (cloud) model; Model 3: license 
tool to one's own hardware 

First-order 
customer 

Topic 9 mainten cost 0.054 

In this industry, the profitability is 
very much dependent on the 
maintenance cost. Therefore being 
able to predict maintenance cost and 
to prevent catastrophic failure is very 
valuable. 

First-order 
customer 

Topic 9 market expect 0.047 

This market is expected to grow at 10 
%, with the market expected to reach 
€21 million in [Year]. Aiming for 2% 
share in this market segment in 
[Year], our target in [USO] market is 
estimated to be at € 292.820.  
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First-order 
customer 

Topic 9 market grow 0.045 

[USO target market] is growing fast 
and Europe is a high contributor in 
production. Market growth rate is 
25%. 

First-order 
customer 

Topic 10 total revenu 0.045 
The market is quite new, in [Year X] 
the total revenues in the market 
accounted for around $ 150 million 

First-order 
customer 

Topic 10 commerci product 0.040 

An efficient production plan and 
control together with the industrial 
partners, and more important, a well 
composed team will be prepared to 
successfully commercialize the 
product. 

First-order 
customer 

Topic 10 express interest 0.040 

[Company] 1 and [Company 2], who 
have performed and coordinated 
significant parts of the clinical studies 
for validating the [product],  have  
already expressed their interest in 
such a collaboration on more than 
one occasion. 

First-order 
customer 

Topic 10 letter support 0.040 

We include a letter of support that 
expresses the view of a high market 
potential and the collaboration 
started in [Year] as the beginning of a 
strategic partnership that will create 
value for both parties. 

First-order 
customer 

Topic 10 profit margin 0.037 

With an output of [..],  this means a 
yearly profit margin of 12.5 million is 
available to be divided over the value 
chain 

First-order 
customer 

Topic 13 project team 0.087 

More specifically, the project team 
defined its targeted market segment 
as “small to mid-sized commercial 
farms [..] 

First-order 
customer 

Topic 13 uniqu sell point 0.060 

More focus with a dedicated design 
could reduce technical complexity, 
which is expected to result in reduced 
financial and scheduling needs. 
Exploiting the strengths of the 
developed technology to arrive at 
unique selling points becomes easier.  

First-order 
customer 

Topic 13 sale distribut 0.056 

To be able to upscale production, 
sales and distribution fast one or 
more strong international partners 
are needed and already approached 

First-order 
customer 

Topic 13 high level 0.048 

Based upon the phase 1 a detailed 
product development roadmap has 
been developed. The high level 
summary of this roadmap is 
illustrated below 

First-order 
customer 

Topic 13 product launch 0.044 
The MVP will be iterated and 
completed to make it ready for the 
first product launch.  
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Second-order 
marketing 

Topic 4 pilot project 0.152 

Management of this pilot project will 
also be one of the main commercial 
tasks to be executed. Furthermore, 
socio-economic aspects like 
economic viability or customer 
satisfaction will be further 
investigated in this pilot project. 

Second-order 
marketing 

Topic 4 new compani 0.080 

Still, should the number of customers 
increase, or should a major contract 
be offered, the new company will 
expand before the end of the three 
probative years, hiring personnel, 
office and lab space, and, if needed, 
equipment. 

Second-order 
marketing 

Topic 4 explor possibl 0.036 

[..] the exploration of possible 
expansions to foreign markets is 
considered a major aspect for the 
business growth 

Second-order 
marketing 

Topic 4 interest market 0.036 
This is a very interesting market with 
great commercial potential. 

Second-order 
marketing 

Topic 4 project manag 0.036 

However, in order to bring the 
project to a next level the start of a 
new company [USO] that will 
execute overall project management  
is absolutely necessary.  

Second-order 
marketing 

Topic 17 first prototyp 0.077 

In order to stimulate product 
development, the aim is to generate a 
first prototype for showcasing at the 
Summer Olympics in London.  

Second-order 
marketing 

Topic 17 commerci perspect 0.044 

From the commercial perspective, we 
have to build on relationships within 
lighting industry and find appropriate 
investors and launching customer(s) 
through networking and  visiting 
world’s most  famous light  fairs.   

Second-order 
marketing 

Topic 17 start point 0.042 

Combined with the close contact 
between innovative ideas and  clinical 
practice,  this collaboration offers an 
ideal starting point for further 
developing this  method into a 
successful product. 

Second-order 
marketing 

Topic 17 innov element 0.039 

The   innovative   elements   of   
[product]   are   discussed   using   
the   ‘Value Differentiation’   charts   
in   Fig.   2.   Here   we   compare   
qualitatively   the   typical 
characteristics of our [product] with 
commercially available products.  

Second-order 
marketing 

Topic 17 growth scenario 0.036 

Growth scenario: With  our  
ambition to establish a strong 
company  in  the   field   of  high-
design interactive products, we aim  
to execute several projects with a 
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near,  medium and far horizon. 
Growth is  necessary to our  
company to make this  ambition 
possible 

Second-order 
marketing 

Topic 22 high qualiti 0.150 

[USO] will provide high quality [..] 
technology, based on its patented 
knowledge of [..], to companies in the 
pharmaceutical development industry 
all over the world to aid them in their 
formulation, development and 
production [..]. 

Second-order 
marketing 

Topic 22 high volum 0.049 

Initial conversations have also been 
started with [partner firm], a large-
volume laser packaging and 
manufacturing firm in Thailand, to 
investigate the possibilities for high 
volume production. 

Second-order 
marketing 

Topic 22 market high 0.038 

Micro-Electro-Mechanical Systems 
(MEMS) is everywhere, from low-
end consumer market to high-end 
medical and life sciences. The total 
MEMS market is high with expected 
25% yearly growth rate, the market is 
currently focused in Europe and 
growth is expected by product 
diversity in emerging MEMS 
products rather than volumes.  

Second-order 
marketing 

Topic 22 spinoff univers 0.032 

Once first customers are secured, the 
company should be able to stand on 
its own feet and spin off from the 
[parent  university]. 

Second-order 
marketing 

Topic 22 consum market 0.029 

Within one year we expect to have 
enough organizations as clients to 
convince partners of the potential 
and make arrangements for sales and 
distribution to broader consumer 
markets. 
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Appendix B. Distribution of 108 USO grant proposals based on the competence orientation score 

and competence order score. 
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CHAPTER 6:  

Discussion and Conclusions
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Despite the creation of favourable institutional arrangements and policy 

developments (Balven et al. 2018; Fini et al. 2017; Grimaldi et al. 2011) as well as 

substantial interest from scholars (Hayter et al. 2018; Miranda et al. 2018), there is 

a lack of comprehensive understanding of the USO development process with 

many academic ventures facing difficulties to overcome the initial stages of research 

commercialisation and failing to generate the expected technological, economic or 

societal impact (Bock et al. 2018; François and Philippart 2019; Prokop et al. 2019). 

This dissertation originated from the need to identify novel characteristics of USOs 

as a prime mechanism of research commercialisation employing robust multi-

disciplinary techniques to foster USO development and effectiveness of 

government-based financial support instruments. Accordingly, the main research 

question of this dissertation was: “What novel characteristics of USOs as a central 

mechanism of research commercialisation can be identified by employing robust multi-disciplinary 

techniques?” To answer the main research question, we developed four research 

questions that were consecutively addressed in the previous chapters. In this final 

chapter of this dissertation, the summary of the main findings is presented in line 

with the identified research questions. Then we discuss the main theoretical, 

practical and policy implications. Finally, we reflect on limitations of this 

dissertation and outline promising future research avenues.   

 

6.1.  Summary of Key Findings 

 

In this section,  we first discuss the results of the bibliometric analysis of 

the literature on university-industry collaborations. Second, we further elaborate on 

the state-of-the-art research by discussing the results of the bibliometric analysis on 

academic entrepreneurship literature. Third,  we summarise the main findings on 

the impact of USO technological and marketing capabilities, and individual and 

team characteristics on the likelihood to acquire funding and survive on the market. 

Finally,  we conclude this section by summarising the main types of university spin-

offs based on the self-perceived first- and second-order competences.  

 

6.1.1. Research question 1: What are the current and emerging research 

patterns in the university-industry collaboration literature? 

 

To understand the evolution and scope of university-industry 

collaborations, we conducted a bibliometric analysis on the academic literature on 

university-industry collaborations. In fact, we employed co-citation analysis and 
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bibliographic coupling techniques as fitting method to study the evolution from the 

foundations to current and emerging research patterns in a specific research domain 

(van Eck and Waltman 2010). While co-citation analysis focuses on investigating 

the foundations of a specific research domain, bibliographic coupling focuses on 

exploring the current and emerging research directions. Thus, based on 245 

academic references meeting the 10 citation threshold, the results of co-citation 

analysis indicate that university-industry collaborations literature has originated 

from four main clusters: 

 

(1) Distance and partner complementarity – focusing, largely, on 

university-industry partner capabilities to efficiently acquire, assimilate, 

transform and exploit shared knowledge and resources to produce 

innovative and economic impact, based on partner absorptive capacity, 

geographical closeness and social proximity, including cognitive 

distances and networking capabilities. 

(2) Academic entrepreneurship – focusing largely on exploring the 

evolution of academic institutions from purely teaching and research-

oriented towards additional active engagement in research 

commercialisation by means of university spin-offs, licensing, 

consultancy, etc.  

(3) Ecosystem development – focusing on hybridisation and additional 

development of interconnections between not only university and 

industry, but also governments, thus forming – the Triple Helix model. 

(4) Interaction channel development – focusing on examining the variety 

of interaction channels between the stakeholders and the associated 

determinants, ranging from scientific publications and reports, public 

conferences and meetings, licensing and patenting, to contract research 

and spin-offs.  

 

In turn, based on 397 clustered Web of Science articles, the results of 

bibliographic coupling of the literature on university-industry collaborations, 

reported that current and emerging developments in university-industry 

collaborations can be characterised by six main research areas: 

(1) Ecosystem development – focusing on interaction of university, industry 

and government in joint collaborative activities on regional and national 

levels to generate innovative, economic and societal impact. 
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(2) Social relations – focusing on the social aspect of university-industry 

collaborations and knowledge transfer. In particular, this addresses key 

factors that facilitate and optimise sustainable relationships between actors, 

incentives for collaborations and networking activities. 

(3) Academic entrepreneurship – focusing on the characteristics of 

entrepreneurial universities and the interface of knowledge transfer 

mechanisms by means of university spin-offs, patents, and R&D 

collaborations. 

(4) Distance – focusing on the impact of spatial, social, institutional and 

cognitive proximities between actors in university-industry collaborations 

and within Triple Helix model in particular. 

(5) Interaction processes and knowledge transfer – focusing on exploring 

success factors and barriers in the collaboration processes between the 

actors in university-industry collaborations and within Triple Helix model 

in particular in short- and long-term perspective. 

(6) Policy implications – exploring differences of university-industry 

collaborations in various institutional settings and the associated impact on 

regional development.  

 

The results indicate a dynamic evolution of the university-industry research 

domain. In fact, we observed that three co-citations clusters overlap with the 

bibliographic coupling results, namely the academic entrepreneurship, distance, and 

ecosystem. However, university-industry collaborations transformed into a more 

complex domain with three additional elements, namely the social relations, 

interaction process and knowledge transfer, and policy implications. Both the 

results of co-citation analysis and bibliographic coupling indicating that university-

industry collaborations should be studied from a multi-layer perspective focusing 

on key determinants on individual, organisational, and policy levels.  

 

6.1.2. Research question 2:  What are the current and emerging research 

patterns in the academic entrepreneurship literature? 

 

The answer to research question 1 enabled us to establish the scope of this 

dissertation, identifying the core actors in university-industry collaborations, namely 

universities, industry, and governments. Additionally, we found that academic 

entrepreneurship is at the heart of university-industry collaborations, supporting the 

relevance of USOs as a research-based knowledge transfer channel. Hence, to better 
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understand USOs and provide a sound basis for identifying novel USO 

characteristics, a bibliometric analysis of the literature on academic 

entrepreneurship was conducted, using bibliographic coupling and hierarchical text 

clustering.  

As previously stated, we employed co-citation analysis to study the 

foundations and general scope of U-I collaborations. Identifying academic 

entrepreneurship as one of the resulting clusters with significant insights and 

considering the main research question of this dissertation to study the novel 

characteristics of USOs by employing robust multi-disciplinary techniques, Chapter 

3 employed bibliographic coupling to focus on current and emerging knowledge. 

Additional hierarchical text clustering on the abstracts of clustered academic articles 

enabled us to develop more comprehensive understanding of the current state-of-

the-art academic knowledge. The results of the analysis indicated that the research 

domain of academic entrepreneurship and university spin-offs can be explained by 

the following knowledge streams: 

(1) Anatomy of entrepreneurial university – delineating the main 

antecedents and consequences of entrepreneurial universities and their 

associated determinants. In particular, entrepreneurial universities are 

expected to develop entrepreneurial competences, engage in 

technology transfer and innovation, and engage in social and regional 

developments by means of creating technology parks, USO 

development, patenting/licensing, contract research/consultancy, 

grant acquiring, industry training, etc. 

(2) University spin-off development and technology commercialisation – 

focusing on the USO development processes, including the main 

success factors. In particular, the findings indicate that many USOs fail 

to generate the expected outcomes by facing problems to overcome 

the ‘critical junctures’ while facing liabilities of newness and smallness, 

and lack of entrepreneurial competences in different stages of 

academic venture development. 

(3) Identity of academic entrepreneurs – focusing on understanding the 

identities and role of academic entrepreneurs, including latent 

entrepreneurial skills of academic entrepreneurs, abilities, experiences, 

attitudes, and intentions to create a spin-off and also to overcome the 

identified critical junctures. 

(4) Knowledge transfer and regional economic impact – focusing on 

describing the entrepreneurial processes via knowledge and technology 
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transfer, and outlining the roles of entrepreneurial universities, 

researchers and young graduates to generate the expected economic 

and societal value. 

Similar to the findings regarding research question 1, this study addresses 

the academic entrepreneurship and university spin-off development as a multi-

layered phenomenon, focusing on individual, organisational and policy levels.  

 

6.1.3. Research question 3:  What is the impact of early-stage university 

spin-off characteristics on the likelihood to acquire funding and 

survive on the market? 

 

This research question builds on the answers to research questions 1 and 

2, and empirically tests the key success determinants of USO performance. In 

particular, this study investigated how early-stage USO project technological, 

marketing, and team characteristics need to be shaped to overcome the initial phases 

of development in terms of securing grant proposal funding and long-term survival 

on the market. According to the thesis’ prior findings, university spin-offs are 

increasingly recognised as important sources to advance technological, economic 

and societal development on regional and national levels. However, while new 

policy developments and government-based support measures are available (see e.g. 

Valorisation Grant programme), USOs still fail to overcome the ‘critical junctures’ 

and liability of newness and smallness (Gümüsay and Bohné 2018; Vohora et al. 

2004). We addressed this existing challenge by studying 104 Dutch university spin-

offs participating in Phase 2 of the Valorisation Grant programme by following 

capability approach, venture capitalist and business planning literature, and learning 

theory. The studied USOs were transferring from the research phase to the 

opportunity framing phase, and then to the pre-organisation phase, hence 

challenged to overcome the opportunity recognition and the entrepreneurial 

commitment ‘junctures’ to reach the USO credibility threshold. Specifically, 

technological capability was operationalised as the USO’s ability to demonstrate 

feasibility of research-based technology. Similarly, marketing capability was 

understood as the USO’s ability to critically assess and identify highly potential 

market opportunities. Additionally, we tested the impact of senior researcher and 

team size, as well as the moderating role of previous (negative) entrepreneurial 

experience on the relationship between USO capabilities and likelihood to acquire 

initial funding, and survive on the market.  
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The results indicated that USOs with higher degree of technological 

capability are more likely to secure funding, yet with regards to survival this 

relationship cannot be observed, and other determinants play more dominant role. 

In fact, the USO’s ability to conduct a comprehensive evaluation and monitoring 

of the selected target market can both increase the chance of securing the grant 

proposal funding and surviving on the market. Additionally, we found that USOs 

initiated and led by a committed senior researcher at the level of full professor 

survive on the market more than USOs without leadership of a senior level 

researcher, thus lacking benefits of scientific advisory and relevant networking 

abilities. Furthermore, USOs that are comprised of a higher number of team 

members can benefit from a diversity of competences and shared knowledge, 

positively contributing to the survival on the market. Finally, the results indicated 

that the relationship between higher marketing capability and survival is 

strengthened when the USO leader has been able to learn and leverage previous 

failure experience in grant proposal applications. 

 

6.1.4. Research question 4: How can university spin-offs be differentiated 

based on self-perceived competences using unsupervised text 

mining techniques? 

 

Research question 4 was concerned with the heterogeneity of USOs based 

on the self-perceived first- and second-order competences by employing topic 

modelling by means of latent Dirichlet allocation (LDA) (Blei et al. 2003) and 

hierarchical clustering.  

To answer the research question we adopted an established framework of 

first- and second-order competences (Danneels 2002, 2008, 2016) to study the self-

perceived first-order technological, second-order R&D, first-order customer, and 

second-order marketing competence composition in 108 USO grant proposals 

participating in the Phase 2 of the Valorisation Grant programme. Further based 

on the imprinting view (Ciuchta et al. 2016; Stinchcombe and March 1965) and 

employing LDA analysis and hierarchical clustering, this study delineated seven 

USO types with unique self-perceived competence composition, and therefore 

different venture development trajectories in relation to exploitative and explorative 

technology development and technology commercialisation activities. Specifically, 

the results indicated the existence of seven USO types with the following 

characteristics: 
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(1) The Balanced Exploitation Focused USO – with a balanced distribution of 

the first-order technological and first-order customer competence, and 

primarily focusing on exploitative activities. 

(2) The Technology-Scaling USO – with a notable focus on its core technology 

as the key element of venture development, largely based on the first-

order technological competence, and a sufficient degree of explorative 

activities. 

(3) The Technology-Optimising USO – with a distinct focus to continue 

venture development on the basis of optimising the existing 

technological solutions based on prime first-order technological 

competence somewhat limited focus on exploration. 

(4) The Technology-Exploring USO – with the highest degree of the second-

order R&D competence, and therefore a strong focus on technology 

exploring activities, fostering a development of novel and highly 

innovative products and services.  

(5) The Market-Exploring USO – with a strong focus on exploring new sales 

and distribution channels and distinct ability to leverage their 

technological portfolio by finding new market and customer segments 

to USO’s products and services, as well as, adjusting its core technology 

to different applications. 

(6) The Market-Exploiting USO – with a distinct ability to develop a 

complete commercial understanding of USO’s products and services 

and design an optimal business model to exploit the existing business 

opportunities more efficiently than competitors. 

(7) The Technology-Exploiting USO – largely driven by scientific research 

results with the aim to fully exploit the accumulated knowledge at the 

parent university and deliver a technological solution that outperforms 

existing alternatives in terms of technical performance.  

Thus, this study extends the answers to research questions 1, 2 and 3 by 

delineating  USO types with stark differences in terms of first- and second-order 

competences that determine future technological/R&D and customer/market 

development trajectories.  
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6.2.  Implications of the Dissertation 

This dissertation provides relevant theoretical and methodological 

implications for university-industry and academic entrepreneurship scholars 

focusing on research commercialisation. It also contributes relevant insights to 

academic entrepreneurs, managers, venture capitalists and other funding actors, as 

well as, it presents important policy implications for government-based funding 

parties and policy-makers developing support measures for academic entrepreneurs 

and high-tech university spin-offs. In this section, we first summarise the main 

implications for research, then we continue with the main methodological 

implications, and conclude with reflecting on implications for practice and policy 

makers. 

 

6.2.1. Implications for Theory 

The previous section summarised the key findings of this dissertation. In 

this section, we present four main theoretical implications on the basis of four 

conducted studies. First, the substantial acknowledgment of the academic 

entrepreneurship importance both in research and practice (D’Este et al. 2018; Fini 

et al. 2018; Grimaldi et al. 2011; Tartari et al. 2012) has resulted in a growing number 

of scholarly works over the past decades addressing this topic (Mathisen and 

Rasmussen 2019; Miranda et al. 2018). Prior research investigated U-I 

collaborations and USO development from a variety of perspectives, including, but 

not restricted to, contributions from strategy, management, economic geography, 

business networks and institutional perspectives (Benneworth and Charles 2005; 

Bruneel et al. 2010; Fini et al. 2017; Lam 2010; Petruzzelli 2011; von Raesfeld et al. 

2012). In result, the current state-of-the-art knowledge remains fragmented by 

following diverse directions of fundamental research perspectives (Belitski et al. 

2019; Perkmann et al. 2013), yet the multi-faceted scope of literature is continuously 

extended and complemented with additional complex interconnections. Hence, 

tracing the evolution of the field becomes increasingly challenging (Diez-Vial and 

Montoro-Sanchez 2017), leading to a fundamental knowledge juncture (Siegel and 

Wright 2015). To prevent further fragmentation of this field and develop a strong 

basis for new theoretical advancements, we examine the evolution of U-I 

collaborations literature using co-citation analysis. We respond to recent calls to 

conduct a quantitative analysis of state-of-the-art knowledge (Zavale et al. 2018; 

Díez-Vial and Montoro-Sánchez 2016; Meyer 2011; Teixeira and Mota 2012) in 

order to grasp the entire research domain, in comparison to existing systematic 

literature reviews that largely focus on a specific problem (see e.g. Hayter et al. 2018; 
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Mathisen and Rasmussen 2019; Perkmann et al. 2013; Rothaermel et al. 2007). The 

findings of bibliometric analysis enable us to consolidate and synthesise the existing 

state-of-the-art and identify key units of analysis and their complementarity, modes 

of interactions, research goals and methods at individual, organisational and 

institutional levels. By conducting a systematic clustering resulting in an 

interconnected ecosystem (Hayter et al. 2018; Perkmann et al. 2013), we enable 

scholars to assess past, current and emerging research patterns, and foster a further 

advancement of previously understudied research directions.  

Second, we extended the knowledge on U-I collaborations by contrasting the 

foundations of this research field with current and emerging research patterns, using 

bibliographic coupling techniques. We contribute novel insights into a discussion 

of academic entrepreneurship ecosystem (Hayter et al. 2018; Perkmann et al. 2013), 

its main determinants, modes of interactions between the actors and their 

complementarity, the role of Triple Helix and emerging shift to Quadruple Helix 

(Carayannis and Campbell 2012; Marcovich and Shinn 2011; McAdam et al. 2018). 

Specifically, we detected that three foundational thematic clusters overlap with 

current and emerging research streams, namely: ecosystem perspective, academic 

entrepreneurship perspective, and distance perspective. We contribute to the literature by 

outlining the field’s evolutionary development and presenting three additional 

research streams, namely: the social relations perspective addressing the relationship 

development among individuals and firms, the interaction process and knowledge transfer 

perspective outlining the dynamics and key elements of the U–I collaborations, and 

the policy implications perspective highlighting the impact of regional policy 

developments.  

These findings, on the one hand, are in line with research investigating the role 

of institutional and policy arrangements aiming to support academic 

entrepreneurship (Belitski et al. 2019; Bellucci et al. 2019; Hottenrott and Richstein 

2020; Szücs 2020; Zhao and Ziedonis 2020), and on the other hand, indicate an 

increasing complexity of research commercialisation and therefore the need for new 

empirical insights (Fini et al. 2018; Wright et al. 2017). In a similar manner, we 

further extend the results of the first study and provide more in-depth bibliometric 

insights on academic entrepreneurship and USO development in particular. We 

synthesise and consolidate the academic entrepreneurship research field by 

systematically clustering four main research perspectives in the current state-of-the-

art literature, namely: anatomy of entrepreneurial university, outlining the main 

antecedents and consequences of entrepreneurial universities and their associated 

determinants; USO development and technology commercialisation, outlining the key 
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determinants of successful USO development and growth; identity of academic 

entrepreneurs outlining latent entrepreneurial characteristics and role in the research 

commercialisation process; and knowledge transfer and regional impact outlining the role 

of academic entrepreneurship ecosystem actors on the regional and national impact 

creation by means of research-based outcomes. Furthermore, both Chapter 2 and 

Chapter 3 combine qualitative and quantitative approaches to perform a thorough 

examination of current and especially emerging research patters. Furthermore, these 

findings form the basis for a comprehensive, multi-layered and interconnected 

future research agenda. So far, no other research has covered this research domain 

with such comprehensive approach and scope. 

Our third contribution is based on the finding that determinants predicting 

survival cannot predict the likelihood to acquire funding to the same extent, and 

vice versa. This finding further stimulates discussion on USOs growth and success 

factors (Berbegal-Mirabent et al. 2015; Bock et al. 2018; François and Philippart 

2019; Prokop et al. 2019). We find that early-stage USOs with a higher degree of 

technological capability and a higher degree of marketing capability are more likely 

to receive funding from a government-based funding instrument (i.e. in this 

dissertation we used the data from the Dutch Valorisation Grant programme). 

However, in comparison to short-term success, early-stage USO survival is 

dependent on a higher degree of marketing capability, and also on professorial 

leadership, larger team size in the initial stages of development and the ability of the 

USO’s leader to correctly exploit previous funding failure experience to leverage 

venture’s marketing capability.  

Hence, by adopting capability perspective (Rasmussen and Borch 2010; 

Vohora et al. 2004), venture capitalist and business planning literature, as well as 

learning theory, we contribute new insights into a better understanding of how 

early-stage USOs characteristics need to be shaped to overcome the initial stages of 

research commercialisation. Our findings provide a more holistic picture of success 

determinants in different phases of USO development (Vohora et al. 2004), 

indicating that the importance of technological capability in line with marketing 

capability is crucial to successfully complete feasibility studies – corresponding to 

the transition from the research phase, to the opportunity framing phase and then 

to the pre-organisation phase of Vohora et al.’s (2004) framework. What is striking 

is that larger team size, professorial leadership and previous failure experience are 

not significant for obtaining initial funds but play a role in the longer-term when 

more heterogeneous experience of team members and continuous access to 

scientific know-how foster a strategic business development.  
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In turn, we observe that the ability to develop and demonstrate high-tech 

products in the initial venturing stages is a significant predictor of short-term 

success, while in the longer-run, technological capability should be considered in 

combination with the ability to exploit and explore new business opportunities, 

requiring a combination of additional capabilities (i.e. market capability, project 

planning and strategizing, entrepreneurial commitment, etc.). These findings 

contribute novel insights into the literature on capabilities and their importance, 

especially with regards to USO’s further development and scaling after reaching the 

credibility threshold, and therefore importance of seeking external partners and 

investors (Bruni and Verona 2009; Lee et al. 2009; Paradkar et al. 2015; Rush et al. 

2007). 

Our fourth main contribution is twofold and contributes new insights into 

two research gaps. On the one hand, we respond to the calls to replace conventional 

research methods with novel automated text analysis techniques (Hannigan et al. 

2019; Kim et al. 2019; Suominen et al. 2017; Woltmann and Alkærsig 2018; Wullum 

Nielsen and Börjeson 2019), and on the other hand, we contribute new insights into 

conceptualisation and differentiation of USOs (see e.g. Bathelt et al. 2010; Djokovic 

and Souitaris 2008; Mustar et al. 2006; Pirnay et al. 2003) and into research 

particularly emphasising the role of their competences (see e.g. Bock et al. 2018; 

Colombo and Piva 2012; Gümüsay and Bohné 2018; Rasmussen et al. 2014). In 

fact, to advance lacking theoretical understanding on USOs and delineate their key 

differences in novel and robust ways, we develop and validate a unique typology of 

USOs based on established theoretical framework of first- and second-order 

competences (Danneels 2002, 2008, 2012).  

By employing topic modelling by means of latent Dirichlet allocation (Blei 

et al. 2003; Blei and Lafferty 2009; Choudhury et al. 2019; Griffiths and Steyvers 

2004) and hierarchical clustering (Murtagh and Legendre 2014), we delineated seven 

USO types with distinct technology/commercialisation orientation and various 

degrees of exploitation/exploration focus that were based on a fine-grained content 

analysis of the full text of USO funding applications. We identify USOs largely 

oriented towards technology developments: Technology-scaling, Technology-optimising, 

Technology-exploring, Technology-exploiting, and USO types largely oriented towards 

commercialisation:  Market-exploring and Market-exploiting - indicating a higher degree 

of customer/marketing competences at the expense of technology/R&D 

competences. Finally, there is the Balanced exploitation focused USO that indicates a 

relatively close distribution of technology development and commercialisation 

orientations. Following the notion that USO founding conditions have a lasting 
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impact and that a USO development depends on its competence portfolio, we 

contribute relevant insights into the role of imprinting (Albert and DeTienne 2016; 

Ciuchta et al. 2016; Fauchart and Gruber 2011) and venture competences in the 

research commercialisation process (Bock et al. 2018; Gümüsay and Bohné 2018). 

Further, our unique typology can provide a useful basis to relate USO types to 

various business outcomes (i.e. technological, economic, societal impact) and offers 

the possibility to use a variety of methods and to establish new causal relationships.  

 

6.2.2. Methodological Implications 

This dissertation offers two main methodological contributions. First, this 

dissertation underpins the flexibility and benefits of implementing a multi-

disciplinary, mixed-method approach in the burgeoning academic entrepreneurship 

domain to address existing and future phenomena of economic and societal value. 

The studies in this dissertation employ a combination of: bibliometric techniques, 

namely co-citation analysis (in Chapter 2) and bibliographic coupling (in Chapter 2 

and in Chapter 3), manual and automated content analysis (in Chapter 2, Chapter 3, 

Chapter 4 and in Chapter 5), binary logistic regression (in Chapter 4), text mining 

and natural language processing (in Chapter 2 and in Chapter 5), hierarchical 

clustering (in Chapter 3 based on textual data and in Chapter 5), unsupervised 

machine learning on textual data using topic modelling by means of latent Dirichlet 

allocation (in Chapter 5). When properly and rigorously executed the combination 

of abovementioned methods and techniques enables not only to overcome the 

limitations of conventional research methods of this particular research domain, but 

also fosters a development of new and actionable insights for academics and 

businesses by tackling existing research problems from a new perspective, and also 

by solving current challenges and detecting emerging research patterns.  

Second, this dissertation responds to the growing recognition of automated 

text analysis as a core method to make new theoretical and practical advancements 

in social science research and the academic entrepreneurship domain in particular 

(Buenstorf and Heinisch 2020; Hannigan et al. 2019; Woltmann and Alkærsig 2018; 

Woo et al. 2019; Wullum Nielsen and Börjeson 2019). In Chapter 5 we offer a novel 

(unsupervised) machine learning solution that provides (1) considerable scalability 

advantages compared to existing approaches, an important issue to consider when 

textual sources become big data, (2) after robust validation, this solution enables to 

generate new theoretical artefacts of studied concepts, (3) provides a solution for 

researchers to study USOs, high-tech start-ups and other ventures in their initial 

commercialisation phases to conduct a comprehensive assessment of venture 
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potential and predict its future development scenarios using textual data such as 

business plans, patents, diaries, etc. (4) this methodological approach and developed 

USO typology provides an effective tool for policy makers to recognise individual 

USO needs on the basis of competence assessment and therefore enables to 

customise financial support towards specific venturing needs, and reduce potential 

subjective, human bias in the assessment process. Finally, this dissertation 

elaborates how the implementation of mixed-method text analysis approach can be 

complemented with various business outcomes.  

 

6.2.3. Implications for Practice and Policy 

 

This dissertation proposes that research commercialisation and USO 

development are multi-faceted processes embedded into an interconnected 

ecosystem characterised by key actors and determinants at individual, organisational 

and institutional/policy levels. Therefore, this dissertation offers several important 

practical implications for individuals (i.e. academic entrepreneurs), organisations 

(i.e. USOs and their internal/external partners), and government-based funding 

parties (i.e. NWO and policy-makers). In this section, we outline the main practical 

implications at each of these three levels. 

 

6.2.3.1. Practical implications for individuals: an academic entrepreneur perspective 

First, our findings from two bibliometric studies indicate that successful 

USO development, including collaboration with industry partners is dependent of 

the alignment of goals among involved individual stakeholders (Kale and Singh 

2009). Owing to the fact that characteristics of academic entrepreneurs and their 

industrial partners differ when it comes to research commercialisation activities, it 

is of critical importance to seek for the optimal mode of management in 

collaborative activities. In this case, it is important to understand the latent 

entrepreneurial skills, abilities, experience, perceived norms of an academic 

entrepreneur and especially motivations to engage in entrepreneurial activities. In 

some cases, academics are driven primarily by research-related reasons and not by 

commercialisation ambitions (D’Este and Perkmann 2011) which have important 

influence on the USO potential to grow and survive as a new technological venture 

(Gilbert et al. 2006). In line with this, there is a need to select optimal control 

mechanisms related to research commercialisation processes. Academics often 

prefer to have a high autonomy in setting research and further development 

directions (Zalewska-Kurek et al. 2016), therefore there is a need of negotiation 
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between more control-oriented mode and more open mode of research 

commercialisation by all stakeholders. For example, in the initial stages of 

collaborative research commercialising with various stakeholders, academic 

entrepreneurs might benefit from a stronger governance to reduce unnecessary 

uncertainty, while in the longer-term, more emphasis can be placed on informal 

collaboration and generation of mutual trust. Similarly, academic entrepreneurs 

might seek for stronger ties with their partners to focus on creation of notable 

knowledge-related benefits, while loose ties might be more fitting in service-

provision partnerships for creation financial benefits (Arza and Carattoli 2017). In 

a similar vein, academics engaging in the USO development activities need to 

carefully consider their interpersonal relationships, since academics tend to sustain 

the hierarchy from the initial academic environment, while successful 

commercialisation of research-based outcome require a different mode of personal 

communication and interconnections (Jain et al. 2009). This becomes increasingly 

important with the emerging academic entrepreneurship driven by PhDs, students 

or young graduates where previously the role of project supervisor was allocated to 

a more experienced researcher who now takes a position of scientific advisor and 

has to accept the changing role in terms of business development.  

Second, our findings indicate that more experienced and highly-ranked 

academic leading the USO (proxied by professor status in this dissertation) as well 

as previous funding failure experience increase the likelihood of USO to survive on 

the market. This observation supports prior literature, indicating the importance of 

three entrepreneurial competences (Rasmussen et al. 2011, 2014) to pass through 

USO ‘critical junctures’ (Vohora et al. 2004). Namely, opportunity refinement 

competence (i.e. ability to detect and act upon opportunities based on scientific 

research to turn them into a viable business concept), leveraging competency (i.e. 

ability to collect and assemble resources to foster USO creation process), 

championing competency (i.e. ability to take a leadership role to raise the necessary 

level of commitment in a USO) (Rasmussen et al. 2011). In line with this notion, 

the ability of academic entrepreneurs to identify technological opportunities is 

accounted for different scientific skills and expertise, in comparison to the ability to 

exploit these entrepreneurial opportunities. Thus, we argue that experienced 

academic entrepreneurs who learned from and correctly exploited the previous 

failure experience are more likely to have a relevant industry experience and to 

identify potential market opportunities, in comparison to academic entrepreneurs 

with a lacking entrepreneurial experience. At the same time, more experienced 

academics can also leverage their network connections and have a higher chance of 
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entering into crucial partnerships to get access to necessary resources on a 

continuous basis, fostering USO survival. 

Furthermore, an additional analysis on the summary from the Dutch 

Valorisation Grant programme managed by NWO indicates that on average USOs 

with a higher team motivation are more likely to receive funding in Phase 1 and 

Phase 2 of the VG programme, but also to survive on the market. Team motivation 

score is based on the VG evaluation committee members, assessing the motivation of the USO 

team leaders on an ordinal scale with ‘1’ being the lowest score indicating a lack of motivation 

and/or unconvincing commitment and lack of entrepreneurial skills, and ‘5’ being the highest score, 

indicating an excellent motivation and commitment with strong entrepreneurial skills. Figure 6.1 

illustrates that in the VG programme Phase 1 the mean value of interim team 

motivation score for funded proposals is 3.37 in comparison to the mean value of 

3.06 in case of not-funded proposals, and the mean value of 3.80 for funded USO 

proposals in comparison to the mean value of 2.97 in case of not-funded proposals 

after completing the interviews with the USO assessment committee.  

 

 
Figure 6.1. The mean values of reported Valorisation Grant evaluation committee member scores of 

not-funded and funded grant proposal applications in Phase 1. 
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A similar tendency is observed in Figure 6.2, illustrating the mean values of 

the VG evaluation committee member scores in the Phase 2 of the VG programme. 

The interim team motivation score for funded proposals is 3.69 in comparison to 

the mean value of 3.29 in case of not-funded proposals, and the mean value of 4.16 

for funded USO proposals in comparison to the mean value of 3.33 in case of not-

funded proposals after completing the interviews with the USO assessment 

committee. Yet, with regards to survival (see Figure 6.3), the team motivation scores 

are comparable after the initial assessment of proposals, however, after completing 

the assessment interview, the mean value of team motivation for survived USOs is 

higher in comparison to ceased USOs (mean of survived USOs = 3.79, mean of 

ceased USOs = 3.42, respectively). Thus, we also support the proposition that 

USOs demonstrating a higher commitment and internal motivation to successfully 

complete research commercialisation, are more likely to benefit from the 

championing competence, and therefore pass the credibility threshold and achieve 

higher USO growth in the future. 

 

 
Figure 6.2. The mean values of reported Valorisation Grant evaluation committee member scores of 

not-funded and funded grant proposal applications in Phase 2. 
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Figure 6.3. The mean values of reported Valorisation Grant evaluation committee member scores of 

ceased and survived USOs in Phase 2. 
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the opportunity framing phase (Vohora et al. 2004) lack sufficient legitimacy and 

face liabilities of smallness and newness (François and Philippart 2019; Soto‐

Simeone et al. 2020), and therefore the ability to perform comprehensive feasibility 

studies and demonstrate a technologically viable solution and highly potential 

market opportunity is vital to attract initial funding. We further argue that USOs 
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with the ability to conduct a thorough testing and demonstrate stable performance 

results in conjunction with proved interest from lead customers are more likely to 

attract initial funds. However, our findings show that in the longer-term and in case 

of survival in particular, the technological capability is not a significant determinant 

of success. This indicates that technological capability is relevant to meet the 

existing state-of-the-art technical requirements in a specific industry, with ventures 

not being able to meet those requirements most likely failing or showing limited 

growth. Conversely, marketing capability remains important throughout all phases 

of USO development and indicates that ability to identify and exploit current and 

emerging business opportunities is a significant determinant of USO growth and 

survival. Our argument is supported by a participant of the VG/Take-off 

programme who successfully acquired Phase 1 and Phase 2 funding, stating that: 

“Techies shouldn't dictate what something should look like. That they have been in it for a long 

time should never be an argument. It is especially important to look carefully at what the customer 

thinks” (Swager (VG/Take-off participant) 2020).  

Second, our findings indicate that team size, professorial leadership and 

funding failure experience exploited through a higher degree of marketing capability 

are important determinants of USO survival, yet the same predictors are not 

relevant for early-stage funding acquisition. This finding is logical, since USOs 

cannot fully exploit the entire team knowledge and accumulated experience in a 

relatively short time period. In turn, a high heterogeneity in a team in the initial 

stages potentially can lead to elevated complexity and managerial issues. 

Furthermore, universities often share open-data principles and academic ventures 

can integrate a long-term vision (D’Este et al. 2012; Perkmann and Schildt 2015) 

hindering the growth in initial research commercialisation phases. Another 

participant of the VG/Take-off programme relates to this concern, stating that: 

“Within science you keep figuring things out for a long time, as an entrepreneur you have to act 

faster. You have to make a product that you can apply in real life to show what the impact is. 

Then it is important to bring the product to the market quickly. You can still do so many feasibility 

studies, it's ultimately about whether someone wants to buy the product or not” (Kin (VG/Take-

off participant) 2020). Thus, we argue that USOs with larger team size in the initial 

stages of USO development operating with highly experienced and recognised 

researchers with additional previous failure experience are more likely to benefit 

from a knowledge diversity, avoiding potentially costly mistakes and can leverage 

continuous access to state-of-the-art scientific research, and higher business 

networking opportunities. In result, more experienced and diverse USOs are more 

likely to survive on the market. Additionally, an additional analysis of the summary 
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from the VG programme managed by NWO indicates that USOs with stronger 

project planning abilities are more likely to acquire initial funding and survive on 

the market (see Figure 6.1, 6.2, and 6.3). Project planning score is based on the VG 

evaluation committee members, assessing the planning of financial and operation USO activities of 

the USO on an ordinal scale with ‘1’ being the lowest score indicating a lack of structured and 

detailed planning, and ‘5’ being the highest score, indicating a comprehensive, structured and 

strategic planning. Figure 1 illustrates that both interim and final mean values of 

project planning in Phase 1 are higher for funded USO grant proposals (interim, 

mean of funded = 3.26, mean of not funded = 2.92; final, mean of funded = 3.49, 

mean of not funded = 2.62). A similar pattern is observed in Phase 2 of the VG 

programme with the interim mean value of funded proposals being 3.50, and 

interim not-funded proposals being 3.24. The final scores in Phase 2 regarding 

project planning illustrate a similar pattern (final, mean of funded = 3.75, mean of 

not funded = 2.74). In case of survival, Figure 6.3 shows that both interim and final 

mean values are higher for survived USOs (interim, mean of survived USO = 3.25, 

mean of ceased USO = 3.19; final, mean of survived USO = 3.32, mean of ceased 

USO = 2.82).  

Our third practical implication for USOs is based on the notion that early-

stage USO development is not purely dependent on assembled resources, but on 

the competences to strategically apply these resources (Rasmussen et al. 2011). In 

particular, we argue that USO first-order technological and customer competences, 

and second-order R&D and marketing competences have a lasting impact and 

‘imprint’ venture’s further development trajectories. In line with this argumentation, 

we argue that USO growth and long-term survival depends from the ability to 

exploit existing technological and customer (i.e. business opportunities) and explore 

new potential technological advancements and new customer segments, and new 

markets. This is in line with the VG/Take-off participant, stating that: “I think that 

many starting entrepreneurs give up too early. It is not a sprint, it is a long-term affair. Even with 

those who eventually make it, things don't go as expected along the way. Our idea about the product 

has completely changed over time. You have to be open to that; it makes no sense to bite into how 

you thought it should be. If something doesn't work, see if you can change tack. On the other hand, 

you should not muddle through, but always keep the momentum going” (Swager (VG/Take-

off participant) 2020). Thus, we argue that research commercialisation has a higher 

impact to generate technological, economic and societal impact when USOs are able 

to perform a comprehensive assessment of their competence portfolios to 

strategically allocate their resources for a combination of exploitation and 

exploration activities. Inevitably, reaching an optimal ambidexterity in a USO is 
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challenging. Finally, to address this challenge, we present academic entrepreneurs 

the possibility to conduct an assessment of their USOs and identify their ventures 

on the basis of developed USO typology (see Chapter 5). In this manner, we offer 

an easy and scalable solution to perform an analysis with regards to potential internal 

USO challenges and external threats to consider timely strategic adjustments.  

6.2.3.3. Practical implications for policy actors: NWO and policy-maker perspective 

This dissertation offers relevant insights to government-based funding 

parties, such as NWO in the Netherlands and its initiated Valorisation Grant 

programme as well as other counterparts. Specifically, this dissertation distinguishes 

between different types of university spin-offs and argues that academic ventures 

have different development trajectories in terms of their technology development 

and technology commercialisation activities. This implies that funding parties 

should consider individual and distinct characteristics of USOs, and therefore 

evaluate USO early-stage potential in line with these differences. In fact, the ability 

to generate technological, economic and societal impact in short, medium and long-

term perspective should be seen from the perspective of the USO’s self-perceived 

competence portfolio. To further assess the future performance, the USO 

characteristics and competence portfolios should be evaluated in accordance with 

specific industry characteristics, considering not only the USO technological and 

market readiness to enter a specific market and reach selected customer segments, 

but also from the perspective of industry maturity, competitiveness levels and entry 

barriers. A competence-based USO type portfolio can further increase the 

evaluation of USOs with regards to early-stage funding acquisition by contrasting 

the particular USO profile with the USO’s selected market segment and maturity of 

selected industry. In other words, USOs planning to enter highly mature high-tech 

industries are expected to develop a high degree of R&D competence in 

combination with sufficient customer competence, while USOs aiming to enter a 

specific niche market or identify a new market segment should develop a high 

degree of marketing competence with sufficient levels of technology competence, 

respectively. In line with this notion, policy-makers and government-based funding 

actors should reconsider the current metrics of USO success and performance, and 

complement conventional metrics such as the number of full-time employees, sales, 

external investment attracted, but focus additionally on economic and societal 

metrics indicating the degree of industry disruption, the degree of acceptance, and 

follow the levels of new start-up creation located in a close spatial, social and 

institutional proximity of the focal USO. 

 



 

205 

 

6.3. Limitations of the Dissertation 

 

This dissertation is based on several specific research design decisions and a 

unique dataset (i.e. Valorisation Grant proposals from NWO) that inevitably imply 

several limitations that provide possibilities for further research (discussed in the 

next section). First, we address the limitations that are related to the imposed 

restrictions in two bibliometric analysis studies outlined in Chapter 2 and Chapter 

3, respectively. Both bibliometric studies were restricted to specific search queries 

on the Web of Science database that potentially could lead to missing additional 

important articles with relevant insights. Similarly, bibliometric analyses were 

restricted to selection of academic literature restricted to certain time periods (i.e. 

2011 – 2016 in Chapter 2 and 2008 – 2017 in Chapter 3). In addition to that, in 

Chapter 2, the 10-citation threshold is imposed as selection criterion of academic 

literature used for co-citation analysis. Inevitably, different search queries with 

additional keywords without any time period restrictions could reveal additional 

theoretical insights.  

Second, there are some limitations related to the unique dataset based on grant 

proposals of the Valorisation Grant programme. In particular, the empirical results 

in Chapter 4 are based on a sample of 104 Dutch high-tech university spin-offs. 

Considering the regional and national differences in policy developments facilitating 

academic entrepreneurship, this restriction does not enable to compare potential 

differences across different institutional environments and various government-

based funding programmes. This also implies that the funding decision by NWO 

evaluation committee members to fund the grant proposals or not – which is used 

as the USO early stage success metric – is restricted to evaluation criteria used in 

this specific funding program. For example, the final funding decision is based on 

four evaluation scores: (1) technological potential, (2) market potential, (3) project 

planning and (4) team motivation, evaluated before and after the USO 

presentation/interview. All four scores share the same weight. Therefore, this 

dataset does not enable to study how USOs potentially can outsource some 

activities, either related to technology development or technology 

commercialisation. Comparing the results from various academic entrepreneurship 

support programmes could reveal additional insights. In a similar vein, Chapter 4 

of this dissertation is limited to a selected range of determinants and their associated 

operationalisations. While Chapter 4 measured the impact of technological 

capability, marketing capability, team size, professional leadership, and the 

moderating role of previous failure experience, more comprehensive metrics could 



 

206 

 

reveal additional interpretations. Furthermore, early-stage USOs are not restricted 

to seek funding and investments at one specific source. In fact, USOs that are able 

to attract financial and non-financial support from a variety of sources (e.g. parent 

universities, lead customers, public and private investors, partners, experienced 

scholars and young graduates, etc.) not only directly benefit from this, but also 

indirectly by signalling their credibility to existing and future funding actors 

fostering their chances to successfully overcome initial liabilities of smallness and 

newness. In this dissertation, a focus is made on an in-depth understanding of the 

funding process and related USO development within a specific government-based 

programme, and therefore identifying the impact of other financial and/or non-

financial investments is out of scope of this dissertation. 

Third, the existing research indicates that while academic spin-offs are exposed 

to similar early-stage development hurdles, e.g. liabilities of newness and smallness, 

USOs face a set of additional development issues related to the academic and 

initially non-commercial environment (Huynh et al. 2017). This implies that there 

are differences as regards to the performance assessment of high-tech start-ups and 

university spin-offs. While this dissertation is based on comprehensive efforts to 

collect information concerning survival of the studied USOs, this metric does not 

fully reflect the generated USO economic and societal impact. In fact, prior research 

indicates that USOs have a higher survival rate in comparison to other high-tech 

start-ups, with the survival rate ranging between 50 to 90% in the first years after 

launching, partially explained by the ‘honeymoon’ period (Prokop et al. 2019; Soto‐

Simeone et al. 2020). This is related to the continuous support from the parent 

university, grants and entrepreneur affiliation to their academic institutions which 

enable the USO to continue existing on the market even with low degree of business 

activities. Therefore, the assessment of additional financial and operational 

performance metrics would be insightful.   

Fourth, this dissertation is based on some research design decisions concerning 

the application of text mining and machine learning techniques. While the research 

was performed with methodological rigour in line with the established guidelines, 

some restrictions on the dataset development were imposed considering the 

characteristics of the dataset. Thus, further experimentation with parameters and 

hyper-parameters in topic modelling could reveal slightly different results and 

present additional possibilities for data interpretation. Further, text analysis of grant 

proposals is based on self-perceived reflection of academic entrepreneurs in line 

with the provided template. Although this enables us to perform unsupervised 

machine learning experiments on a structured dataset, this is performed at a specific 
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period of time. Repeating and comparing the results of analyses with additional data 

at later periods of time would enable to reveal additional insights in relation to USO 

development trajectories. Finally, Chapter 5 of this dissertation is descriptive in 

nature, and therefore hinders the ability to develop additional causal insights. To 

provide additional validity for the proposed USO typology, testing relationships 

with outcomes in the business domain and academia such as performance, patents 

(including patent citations), and publication quality and quantity is of high 

importance.  

 

6.4.  Future Research Avenues 

 

This dissertation offers a comprehensive future research agenda for 

academic entrepreneurship scholars and policy-makers to foster new technological, 

economic and societal advancements.  First, and in line with Chapter 2, this 

dissertation offers a multi-layered and interconnected research agenda suggesting 

future research avenues of previously neglected USO success factors on individual 

level (corresponding to the social relations perspective, academic entrepreneurship 

perspective (i.e., young graduates and academic staff level) and interaction process 

and knowledge transfer among individuals); organisational level (distance 

perspective, academic entrepreneurship perspective (i.e., university level) and 

organisational interaction process and knowledge transfer); institutional level 

(ecosystem perspective and policy implications perspective). The three identified 

interconnected levels define the overall scope not only in this dissertation, but in 

the university-industry and academic entrepreneurship domain in general by 

addressing a variety of stakeholders, such as researchers, universities, firms, TTCs 

(Technology Transfer Centres), governments, and ecosystems.  

Second, and in line with the individual, organisational and institutional level 

perspectives, this dissertation proposes promising future research streams that 

require further attention. Concerning the individual level, this dissertation calls for 

further research to address psycho-social characteristics shaping behavioural 

intentions of scientists to engage in entrepreneurial activities. In particular, there is 

a need to better understand the identity struggles academics experience when 

engaging in entrepreneurship and how it affects further venture developments. In a 

similar vein, there is a lack of studies examining the impact of individual 

psychological attributes such as risk tolerance and ambiguity on the academic 

entrepreneurs’ ability to identify and act upon the business opportunities, as well as, 
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individual incentives and motivations determining the core engagement channels in 

university-industry collaborations. 

Concerning the organisational level, this dissertation invites scholars to 

further examine the role of entrepreneurial universities as regards to generating 

technological, economic and especially societal impact. Furthermore, there is a need 

to better understand how universities can support not only scientists engaging in 

entrepreneurial activities, but also students and young graduates aiming to launch 

their ventures. Looking from the university spin-off perspective, more in-depth 

research is needed to explore why many USOs fail to overcome the initial barriers 

and struggle with the liabilities of newness and smallness, preventing venture to 

scale and generate the expected output. This dissertation provides crucial insights 

on the interplay of success factors and studies how different types of USOs might 

develop in the future, based on their competence portfolios. Further empirical 

research is needed to investigate these development trajectories in relation to 

various technological, financial and non-financial outcomes. 

Third, this dissertation provides several crucial recommendations 

concerning the effectiveness of public funding parties (e.g. NWO initiated 

Valorisation Grant programme). Nevertheless, there is a need to better understand 

how (1) funding parties can improve their early-stage venture evaluation to estimate 

the ability of the USO to leverage the provided funding, (2) how USOs can adjust 

their venturing activities to overcome the initial stages of USO development by 

means of secured funding. Thus, this dissertation outlines a need for additional 

empirical studies addressing USO development by means of secured financial 

support measures from different perspectives: focusing on systematic evaluation of 

failed academic entrepreneurship projects and collaborations, in combination with 

the (lack of) support from the university, which could reveal new success factors, 

more research on student and graduate-led ventures and the associated strengths 

and weaknesses, and also main institutional differences in various regional/national 

ecosystems of academic entrepreneurship. 

Finally, this dissertation employs a variation of text mining and text-based 

machine learning techniques in the context of academic entrepreneurship that 

provides a valid basis for future studies. In particular, this dissertation initiates a 

new research stream acknowledging that USOs operate in highly volatile and 

uncertain environments, and therefore forecasting its technological feasibility or 

outcomes of commercialisation strategies often lack a sufficient accuracy. Hence, 

USO proposal evaluations in terms of receiving governmental funding are based on 

qualitative judgements of experts in related industries, and therefore are highly 



 

209 

 

subjective and biased by personal relationships, networks and experience (Lee et al. 

2017). However, the limitations of conventional methods of high-tech venture 

business proposal evaluation can be reduced by statistical and machine-learning 

techniques. The goal of machine learning techniques is to unravel intrinsic, often 

unanticipated, new relationships between variables using the computational power 

of algorithms (Lee et al. 2014). This thesis invites scholars to build on prior literature 

and calls for additional research in this research domain. 

We further suggest that there is a lack of studies targeted at optimisation of 

funding decision making processes, especially by predicting early entrepreneurial 

outcomes of USOs. Therefore, we propose two new research questions: (1) What is 

the impact of supervised machine learning on the assessment of business proposals by governmental-

funding parties in the context of academic entrepreneurship? (2) How can supervised machine 

learning optimise the funding-decision making processes in the context of academic 

entrepreneurship?  

By employing supervised machine learning on the full content of business 

proposals, we suggest investigating how the decision-making process related to 

funding can be optimised. This method can be further used to decrease the costs 

and time-required to assess a large amount of proposals. Such a method can benefit 

all stakeholders involved in funding new academic or non-academic high-tech 

ventures by pre-filtering and ranking proposals based on the content prior human-

based evaluation, and also during a multi-stage evaluation procedure. Finally, most 

data government-based funding programmes that provide financial support 

instruments share limited open-access data and stick to customised evaluation 

schemes. Therefore, we invite scholars to collect new textual data from a variety of 

sources in order to create a large, longitudinal dataset that would enable to perform 

complex classification exercises to identify yet undiscovered characteristics and 

success determinants. The emerging application of neural networks and deep 

learning present a promising future research direction, considering the availability 

of necessary dataset with regards to all USO development phases and the generated 

technological, economic and societal impact.  
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SUMMARY 

Towards an integrated understanding of university research commercialisation:  

a university spin-off perspective 

 

University spin-offs (USOs) are increasingly recognised as a prime mechanism to 

generate technological, economic and societal impact on regional and national 

levels. Yet, despite favourable institutional and policy arrangements fostering 

academic entrepreneurship, many USOs face major issues to overcome the liability 

of newness and smallness in the initial venturing phases. In result, existing research 

commercialisation practices remain ineffective with the majority of USOs failing to 

reach the expected objectives. While this problem has garnered attention both in 

research and practice, there is a lack of comprehensive understanding of USOs at 

the early-stage of development, hindering more impactful research 

commercialisation. To address this problem and to develop new actionable insights, 

in this dissertation we employ robust multi-disciplinary, mixed-method techniques. 

Thus, the main research question of this dissertation is:  

What novel characteristics of USOs as a central mechanism of research commercialisation can be 

identified by employing robust multi-disciplinary techniques? 

 

This dissertation comprises four studies contributing answers to the main research 

question, combining theories and methods from scientometrics, academic 

entrepreneurship, natural language processing and computer science.  

 

In the first study we aim to understand the evolution and scope of the university-

industry collaborations research field. We perform quantitative bibliometric analysis 

by employing co-citation analysis and bibliographic coupling techniques on the 

selected Web of Science dataset to examine development from the foundations to 

current and emerging research patterns. The results indicate a dynamic evolution of 

the research field. The results of co-citation analysis present that scientific roots of 

the university-industry collaborations research field can be attributed to four 

interconnected thematic clusters, while the results of bibliographic coupling show 

that current state-of-the-art and emerging research patterns can be attributed to six 

interconnected thematic clusters. Additionally, we extend our findings by 

conducting a comprehensive content analysis and suggest a multi-layered and 

interconnected research agenda that encourages future analysis of previously 
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neglected features and mechanisms of university-industry collaborations at the 

individual, organisational and institutional levels.  

 

In the second study we further extend the findings of the initial bibliometric analysis 

by focusing specifically on academic entrepreneurship research field. The objective 

of this study is to consolidate the existing knowledge on academic entrepreneurship 

and advance its further development by identifying current and new emerging 

research streams. We employ bibliographic coupling technique on the selected Web 

of Science dataset to examine the scope of academic entrepreneurship and identify 

multifaceted and interconnected thematic clusters. Additional hierarchical text 

clustering and comprehensive content analysis enables us to identify key 

antecedents and consequences of academic entrepreneurship and USO 

development. Our findings indicate that academic entrepreneurship and USO 

development research field can be explained by the following thematic clusters:  

Anatomy of entrepreneurial university - delineating the main antecedents and 

consequences of entrepreneurial universities and their associated 

determinants. 

University spin-off development and technology commercialisation - explaining USO 

development processes and key success factors. 

Identity of academic entrepreneurs - focusing on understanding the identities and 

role of academic entrepreneurs and their latent entrepreneurial skills. 

Knowledge transfer and regional economic impact - focusing on impactful 

entrepreneurial processes by means of knowledge and technology transfer. 

 

We further synthesise our findings and present promising future research avenues 

focusing on previously under-researched determinants and their interplays in the 

identified thematic areas at the individual, organisational and institutional levels, and 

therefore, contributing to the findings of the first study. 

 

In the third study we aim to examine the impact of early-stage USO characteristics 

on the likelihood to acquire early-stage funding and survive on the market. Our 

sample is derived from a unique dataset of USO grant proposals submitted to the 

Valorisation Grant programme initiated by the Dutch Research Council (NWO). 

Recognising the need of financial support to leverage the initial venturing stages of 

academic entrepreneurs, NWO provides a subsidy to researchers with 

entrepreneurial intentions for the development of university spin-offs. The 

Valorisation Grant programme consists of two phases: Phase 1 is the feasibility 
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study with a maximum funding of 25,000 Euro. Projects that complete Phase 1 can 

submit their grant proposals for Phase 2, i.e. the valorisation phase with a maximum 

subsidy amount of 200,000 Euro.  

 

In this study we analyse 104 grant proposals submitted to the Phase 2 of the 

Valorisation Grant and adopt USO development and capability approaches, venture 

capitalist and business planning literature, and learning theory. The findings indicate 

that USOs with a higher degree of technological capability are more likely to acquire 

early-stage funding, however this effect cannot be observed with regards to survival. 

In turn, USOs with higher degree of marketing capability are more likely not only 

to receive funding, but also to benefit from the ability to perform comprehensive 

market analysis and to detect promising business opportunities, contributing to 

higher likelihood of survival. Furthermore, USOs initiated and led by a committed 

senior researcher at the level of full professor are more likely to benefit from 

scientific advisory and relevant networking abilities, and therefore to survive on the 

market. Similarly, USOs that are able to attract a higher number of committed team 

members in the initial development stages might benefit from a diversity of 

competences and shared knowledge increasing the likelihood of survival. Another 

key finding of this study indicates that the relationship between higher marketing 

capability and survival is strengthened when the USO leader has been able to learn 

and leverage previous failure experience in grant proposal applications. 

 

In the fourth study we aim to reduce the existing research gap in the academic 

entrepreneurship and USO development literature, and examine how USOs can be 

differentiated based on self-perceived competences using unsupervised text mining 

techniques. Specifically, we employ topic modelling by means of latent Dirichlet 

allocation (LDA) and hierarchical clustering on 108 grant proposals submitted to 

the Phase 2 of the Valorisation Grant programme. Our rigorous methodological 

approach in combination with validating results using an established framework of 

first- and second-order competences enables us to develop a novel USO typology. 

Our findings indicate the existence of seven USO types with unique self-perceived 

competence composition., and therefore different venture development trajectories 

in relation to exploitative and explorative technology development and technology 

commercialisation activities. 

 

The findings of this dissertation contribute to a comprehensive understanding  of 

the research commercialisation and USO development processes by consolidating 
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and synthesising the existing knowledge into an interconnected ecosystem 

characterised by key actors and determinants at the individual, organisational and 

institutional/policy levels. The application of robust multi-disciplinary, mixed-

method techniques contributes new insights to several research fields (e.g. academic 

entrepreneurship, bibliometrics, high-tech venturing, text mining and 

(unsupervised) machine learning) and offers relevant implications for scholars, 

academic entrepreneurs, and policymakers. Methodologically, this dissertation 

presents several key advantages of automated text analysis and (unsupervised) 

machine learning techniques over conventional research methods in social science 

research, and the academic entrepreneurship domain in particular. Our findings 

contribute towards an in-depth understanding of USO success determinants and 

demonstrate how early-stage USOs characteristics need to be shaped to overcome 

the initial stages of research commercialisation. Additionally, this dissertation 

presents a novel USO typology differentiating unique and lasting development 

trajectories in terms of technology development and commercialisation. Finally, this 

dissertation identifies multi-layered future research agenda and invites policy-

makers and government-based funding actors to reconsider the existing support 

mechanisms, and to create new performance metrics facilitating more impactful 

research commercialisation practices.  
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SAMENVATTING 

Naar een integraal begrip rondom de commercialisatie van universiteit onderzoek: een universiteit 

spin-off perspectief. 

 

Universitaire spin-off’s (USO’s) worden in toenemende mate gezien als een 

mechanisme om technologische, economische en sociale impact te creëren op 

regionale en nationale niveaus. Ondanks een gunstige institutioneel klimaat en 

beleid dat academisch ondernemerschap bevordert, worden veel USO’s 

geconfronteerd met grote problemen om het risico van nieuwheid en kleinheid in 

de initiële fases van de onderneming te overwinnen. Dit resulteert erin dat huidig 

onderzoek naar het commercialiseren van bedrijfspraktijken ineffectief is, waarbij 

de meeste USO’s de verwachte doelstellingen niet halen. Ondanks dat dit probleem 

heeft geresulteerd in zowel academische als praktische aandacht, heeft dit niet geleid 

tot een alomvattend begrip van USO’s in de eerste ontwikkelingsfases, hetgeen 

impactvolle commercialisering van onderzoek belemmert. Om dit probleem aan te 

pakken en praktische inzichten te genereren, wordt in dit proefschrift een 

multidisciplinaire aanpak gehanteerd evenals het gebruik van verschillende 

onderzoekstechnieken. Derhalve is de hoofdonderzoeksvraag in dit proefschrift:  

Welke nieuwe kenmerken van USO’s die dienen als centraal mechanisme voor commercialiseren 

van onderzoek kunnen worden geïdentificeerd door gebruik te maken van robuuste 

multidisciplinaire technieken? 

 

Dit proefschrift bestaat uit vier studies die bijdragen aan het beantwoorden van de 

hoofdonderzoeksvraag. De studies combineren theorieën en methoden uit 

“scientometrics”, “academic entrepreneurship”, “natural language processing”, en 

“computer science”. 

 

De eerste studie heeft als doel om een begrip te ontwikkelen rondom de evolutie en 

omvang van het onderzoeksdomein naar universiteit-industrie samenwerkingen. 

We voeren een kwantitatieve bibliometrische analyse uit door gebruik te maken van 

co-citatieanalyse en bibliografische koppeltechnieken op een geselecteerde dataset 

van Web of Science. Dit doen we om de ontwikkeling van het fundamentele 

onderzoek tot het huidige en opkomend onderzoek te onderzoeken. De resultaten 

suggereren een dynamische ontwikkeling van het onderzoeksdomein.  De co-

citatieanalyse laat zien dat het fundamentele onderzoek in het onderzoeksdomein 

naar universiteit-industrie samenwerkingen is in te delen in vier onderling 

gerelateerde thematische clusters. Terwijl het resultaat van de bibliografische 
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koppeling aantoont dat de huidige state-of-the-art en opkomend onderzoek kunnen 

worden toegeschreven aan zes onderling gerelateerde thematische clusters. In 

aanvulling hierop, maken we gebruik van een uitgebreide content analyse en 

suggereren een meerlagige en onderlinge gerelateerde onderzoeksagenda die 

toekomstig onderzoek naar voorheen verwaarloosde kenmerken en mechanisme 

van universiteit-industrie samenwerking op individueel, organisatorisch en 

institutioneel niveau aanmoedigt.  

 

In de tweede studie bouwen we verder op de eerste studie en focussen we ons 

specifiek op het onderzoeksdomein naar academisch ondernemerschap. Het doel 

van deze studie is om de huidige kennis van academisch ondernemerschap te 

consolideren en bij te dragen aan toekomstig onderzoek door huidige en opkomend 

onderzoek te identificeren. We maken gebruik van bibliografische 

koppeltechnieken op de geselecteerde dataset van Web of Science om de omvang 

van de academisch ondernemerschap literatuur te onderzoeken en hierbij 

identificeren we veelzijdige en onderling gerelateerde thematische clusters. In 

aanvulling hierop, maken hiërarchische tekstclustering- en uitgebreide content 

analyses het mogelijk om antecedenten en gevolgen van academisch 

ondernemerschap en ontwikkeling van USO’s te identificeren. Onze bevindingen 

suggereren dat het onderzoeksdomein van academisch ondernemerschap en USO-

ontwikkeling wordt verklaard door de volgende thematische clusters: 

Anatomie van een ondernemende universiteit -  afbakenen van de belangrijkste 

antecedenten en gevolgen van ondernemende universiteiten en 

onderliggende kenmerken. 

Universiteit spin-off ontwikkeling en technologische commercialisatie – verklaren van 

USO ontwikkelprocessen en belangrijke succes factoren. 

Identiteit van academische ondernemers – focussen op het verklaren van de 

identiteit en rol van academische ondernemers en hun latente 

ondernemersvaardigheden. 

Kennisoverdracht en regionale economische impact - focussen op impact van 

ondernemersprocessen door middel van kennis- en technologieoverdracht. 

 

We integreren onderzoeksbevindingen en presenteren veelbelovende toekomstige 

onderzoeksrichtingen rondom voorheen onvoldoende onderzochte kenmerken en 

hun onderlinge samenhang in de geïdentificeerde thematische clusters op 

individueel, organisatorisch en institutioneel niveau, en daarom bijdragen aan de 

bevindingen van de eerste studie. 
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In de derde studie richten we ons op het onderzoeken van de relatie tussen de 

impact van USO kenmerken en de waarschijnlijkheid op het verkrijgen van 

vroegtijdige financiering en overleven op de markt. Onze sample komt uit een 

unieke dataset van USO-onderzoeksvoorstellen die zijn ingediend in het kader van 

het “Valorisation Grant” programma van de Nederlandse Organisatie voor 

Wetenschappelijk Onderzoek (NWO). Het NWO erkent dat academische 

ondernemers financiële steun nodig hebben in de opstart van een onderneming. 

Daarom verstrekt het NWO financiële middelen aan onderzoekers met een 

ondernemersintentie om een universiteit spin-off te ontwikkelen. Het “Valorisation 

Grant” programma bestaat uit twee fases. Fase 1 financiert een haalbaarheidsstudie 

met een maximum van 25,000 Euro.  De projecten die fase 1 doorlopen kunnen 

een subsidievoorstel indienen voor Fase 2. Deze zogenaamde valorisatiefase 

financiert tot een maximum van 200,000 Euro. 

 

In dit onderzoek, analyseren we 104 onderzoeksvoorstellen die zijn ingediend voor 

Fase 2 van de “Valorisation Grant” en hierin hanteren we USO ontwikkel- en 

vaardigheidsbenaderingen, “venture capitalist” en “business planning” literatuur en 

leertheorie. De resultaten laten zien dat de kans op vroegtijdige financiering 

toeneemt naarmate een USO meer technologische vaardigheden heeft, maar dit 

heeft geen effect op de overlevingskans van de USO. Daarentegen hebben USO’s 

met meer marketingvaardigheden, minder kans op financiering maar profiteren wel 

van betere mogelijkheden qua marktonderzoek en detecteren van bedrijfskansen 

hetgeen overlevingskansen verhoogt. Voorts is het meer waarschijnlijk dat USO’s 

die worden geleid door senior onderzoekers – op het niveau van hoogleraar - 

profiteren van wetenschappelijk advies en relevante netwerkvaardigheden die 

bijdragen aan het overleven op de markt. Verder profiteren USO’s die in staat zijn 

om een groot team van gecommitteerde teamleden aan te trekken, van een 

diversiteit aan vaardigheden en kennis, hetgeen opnieuw de overlevingskansen 

vergroot. Ten slotte, is een belangrijke bevinding van dit onderzoek dat de relatie 

tussen marketingvaardigheden en overlevingskansen wordt versterkt wanneer de 

leider van de USO heeft geleerd van eerder mislukte subsidieaanvragen en deze kan 

benutten.  

 

In de vierde studie willen we de kloof in de literatuur rondom academisch 

ondernemerschap en literatuur over USO-ontwikkeling reduceren. Met behulp van 

onbegeleide tekstmining technieken, onderzoeken we hoe USO’s kunnen worden 



 

256 

 

gedifferentieerd op basis van hun zelf gepercipieerde competenties. Meer specifiek 

passen we “topic modelling” door middel van “latent Dirichlet allocation” (LDA) 

en hiërarchische clustering toe op 108 voorstellen die zijn ingediend voor Fase 2 

van het “Valorisation Grant” programma. Deze robuuste methodologische aanpak, 

in combinatie met een bestaand raamwerk van eerste- en tweede orde competenties, 

heeft het mogelijk gemaakt om een nieuw USO-typologie te ontwikkelen. Onze 

resultaten suggereren dat er zeven USO-typen bestaan met een uniek zelf 

gepercipieerde samenstelling van competenties. Daarmede heeft elke USO-type een 

specifiek traject voor ontwikkeling van exploitatie en exploratieve 

technologieontwikkeling en technologie-commercialiseringsactiviteiten. 

 

De bevindingen uit dit proefschrift dragen bij aan een alomvattend begrip over het 

commercialiseren van onderzoek en de processen rondom de ontwikkeling van 

USO’s. Met name door het consolideren en het integreren van huidige kennis in 

een ecosysteem dat wordt gekenmerkt door sleutelactoren en belangrijke factoren 

op individueel, organisatorisch en institutioneel/beleid niveau. Het toepassen van 

robuuste multidisciplinaire en verschillende onderzoeksmethoden geven nieuwe 

inzichten voor verschillende onderzoeksdomeinen (bijvoorbeeld: academisch 

ondernemerschap, bilbiometrie, “high-tech venturing”, tekstmining en (onbegeleid) 

machine learning). Daarnaast biedt het proefschrift implicaties voor onderzoekers, 

academische ondernemers en beleidmakers. Qua methodologie presenteert dit 

proefschrift de voordelen van geautomatiseerde tekstanalyses en (onbegeleide) 

machine learning technieken ten opzichte van de conventionele 

onderzoeksmethoden in sociaalwetenschappelijk onderzoek, en specifiek binnen 

het academisch ondernemerschapsdomein. Onze bevindingen dragen bij aan een 

diepgaand begrip van succesfactoren van USO’s en laten zien hoe de 

karakteristieken van USO's in een vroeg stadium gevormd moeten worden om de 

eerste stadia van commercialisering van onderzoek te overwinnen. Bovendien 

presenteert dit proefschrift een nieuwe USO- typologie. Deze USO-typologie 

onderscheidt unieke en duurzame ontwikkeltrajecten van technologische 

ontwikkeling en commercialisatie. Verder formuleren we toekomstige 

onderzoeksrichtingen in dit proefschrift. Ten slotte, stimuleren we beleidmakers en 

actoren belast met het verstrekken van financiering, om huidige 

ondersteuningsmechanisme te heroverwegen en om nieuwe prestatiemaatstaven te 

ontwikkelen om meer impactvolle onderzoekcommercialisatie activiteiten te 

faciliteren. 
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