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Introduction 
University–industry linkages are increasingly being established over geographical distances 
and across national boundaries, as the central locus of innovation has become international 
and dependent upon linkages between different types of organisations and sources of 
knowledge (Heitor, 2015). This type of knowledge transfer is enabled by the low cost and 
global spread of ICTs, which allow for more distributed innovation processes (Schwaag Serger 
& Wise, 2010) and the offshoring of corporate R&D facilities (Karlsson et al., 2006).  
The outcome is increased international technological collaborations, often as part of global 
innovation networks (Gassler & Nones, 2008; Li, 2010). This enables universities to establish 
and participate in global networks and to pursue international markets to withstand global 
competition (Garrett-Jones & Turpin, 2012). For their part, enterprises are able to be more 
competitive in international markets by responding to progress in science and technology 
(Mason & Wagner, 1999) and engaging in new product development (Santoro et al., 2017). 
They can also mitigate the risks of spatial and cognitive lock-in (Petruzzelli & Murgia, 2019) 
and engage in new path development (Petruzzelli & Murgia, 2019; Trippl et al., 2018). 

The research problem of the thesis is related to the notion that the transfer of knowledge 
across institutional boundaries, like countries and sectors, involves actors with different 
institutional logics and types of capital (Scott, 2015). As the locations of actors in different 
countries influence the prevailing regulatory regimes as well as a range of other characteristics, 
like language and religion (Ionascu et al., 2004), national institutional differences result 
(Malik & Yun, 2017). Regarding sectors, university units often need to operate in a large 
number of distinct disciplinary and sectoral domains, while enterprises mostly develop 
absorptive capacity in a fairly narrow sectoral setting (Kenney & Patten, 2009). At the 
organisational level, differences exist in the goals, interests and time horizons of  
university–industry R&D cooperation (Siegel et al., 2003). All of the above results in costs 
related to both accessing and integrating novel external knowledge (Balachandran & 
Hernandez, 2018). The costs of accessing and translating knowledge result not only from 
institutional factors but also from the tacit nature of knowledge, which, for the university, 
complicates the identification of possible areas for the application of knowledge and involves 
transaction costs for the firms (Fransman, 2008).  

In terms of the research gap, a research-based, detailed understanding of how actors with 
different aims and operational logics interact internationally is lacking. Given the limited 
number of papers identified in my literature review (Article IV) as addressing international 
university–industry knowledge transfer, the question is what enables interaction among 
actors located simultaneously in different institutional contexts as well as in dissimilar 
organisational fields (a concept discussed in Section 1.2.1). It has been found that actors from 
different organisational fields can interact at the intersection of these fields; and, as new 
shared practices become institutionalised, the development of a new organisational field can 
occur (Furnari, 2016). Boundary work across organisational fields has addressed large-scale 
processes but has failed at times to capture a more fine-grained approach (Langley et al., 
2019). Previous research has recognised the co-existence of shared network structure and 
common meaning system in an organisational field. However, most empirical studies have 
emphasised one component over the other and have neglected the temporal element, which 
enables the shared structural interactions to result in collective cognition (Coraiola et al., 
2018). Compared to the structural features of the networks, the institutional characteristics 
of organisations and their geographical locations, which alter the characteristics of 
knowledge flows, have received limited attention (Owen-Smith & Powell, 2004). Additionally, 
analysing structural and institutional factors separately fails to address their combined 
influence (Balachandran & Hernandez, 2018).  
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Within this context, my aim is to explore how actors from multiple organisational fields 
interact internationally as well as the consequences of such interactions. International 
university–industry knowledge transfer is seen as involving cross-field intersections around 
shared issues between actors from different organisational fields. This means that I see the 
organisational fields as partly overlapping, thereby permitting organisations to maintain their 
main activities in their focal field and to engage in cooperation with actors from other fields. 
From the institutional analysis perspective, the institutions with their regulatory, normative 
and cognitive elements that structure the interactions are central to the functioning of the 
organisational field. However, the actors are both enabled and constrained by their 
geographical location and network structure in relation to institutional factors and by 
changes over time that bridge the other components of the field. Based on the above,  
I developed the following research questions: 

RQ1: How do regulatory, normative and cognitive institutions foster international 
university–industry knowledge transfer?  

RQ2: How is the relationship between geographical space and institutional factors 
constructed in international university–industry knowledge transfer?  

RQ3: How are structural factors, including brokerage, related to institutional factors in 
international university–industry knowledge transfer?   

RQ4: What role does time play in the interactions of actors from multiple fields in 
international university–industry knowledge transfer?  

My thesis consists of four articles. Article I provides the means for answering RQ1 and 
RQ4; Article II contributes towards answering RQ2 and RQ4; Article III addresses RQ3 and 
RQ4; and Article IV is concerned with all the RQs (Figure 1). Three of the articles explore 
various channels of knowledge transfer: commercialisation (Article I), contract research 
(Article II) and collaborative research (Article III). Additionally, these articles address the 
sectoral divide in university–industry interactions, with Articles I and III differentiating 
between sectors with analytical and synthetic knowledge bases, and Article II focusing on the 
synthetic knowledge base.  

Article I addresses the interplay between regulatory, normative and cognitive institutions 
by employing the case study approach to compare instances of international 
commercialisation in Estonia, India, Portugal and the UK. Article II explores the role of 
geographical proximity in relation to non-spatial proximity in the context of domestic and 
international contract research carried out in Estonia, also using the case study method. 
Article III takes a different approach from that of the previous papers, employing social 
network analysis to focus on EU-funded collaborative research projects in biotechnology and 
software in which organisations from the Baltic States have participated over a 20-year 
period. Article IV synthesises the studies on international university–industry knowledge 
transfer by means of a systematic literature review. The theoretical framework proposed in 
the article provides the basis for the other studies. 
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Figure 1. Connections between the aim, the research questions and the articles 
Source: Compiled by the author

Aim: To explore 
how actors from 
multiple 
organisational 
fields interact 
internationally as 
well as the 
consequences of 
such interactions. 

RQ1: How do regulatory, normative and cognitive 
institutions foster international university–industry 
knowledge transfer? 

RQ2: How is the relationship between geographical 
space and institutional factors constructed in 
international university–industry knowledge 
transfer? 

RQ3: How are structural factors, including brokerage, 
related to institutional factors in international 
university–industry knowledge transfer?   

RQ4: What role does time play in the interactions of 
actors from multiple fields in international 
university–industry knowledge transfer? 

Article I: To explore the contingent institutional 
conditions that could foster the international 
transfer of university-generated knowledge, and 
particularly commercialization, to enterprises. 

Article II: To advance the comprehension of the role 
that geographical proximity plays in relation to non-
spatial proximity in the context of international 
university–industry knowledge transfer. 

Article III: To examine the structural and institutional 
differences in biotechnology and software 
collaborative research projects. 

Article IV: To construct a framework for 
understanding university–industry international 
knowledge transfer. 
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I contributed theoretically to international university–industry knowledge transfer by 
combining two perspectives: i) the influence of the organisational field on actors, and  
ii) relationships among the actors across fields and spatial distances.  

Regarding the effect of institutional distance on the actors, I proposed a more detailed 
operationalisation of institutions consisting of the regulatory, normative, and cognitive 
elements at the individual, organisational and country levels (Article I). With this 
operationalisation I illustrated how the broad concept of organisational field consists of 
different elements of institutions at different levels not employed previously in studies of 
international knowledge transfer. I also showed that the long-term success or failure of 
international interactions depended on shared individual norms and cognitive frameworks 
as well as organisational knowledge bases (Article I). I found that different from domestic 
cooperation, international collaboration required similarities at both the individual and 
organisational levels (Article II). 

As to the characteristics of relationships among the actors, I brought forth the differences 
between various types of organisations in their ability to connect actors and build networks 
internationally (Article III). I showed that the brokerage role of higher education and research 
organisations was more universal, while that of public bodies was sector-specific. As for the 
consequences of interactions, the comparative approach led to the finding that 
institutionalisation of international commercialisation was less apparent in smaller university 
contexts and in innovation-driven sectors (Article I). International contract and collaborative 
research, however, was more institutionalised even in the smaller universities (Article II, 
Article III).  

I also empirically contributed, to studies of international university–industry knowledge 
transfer, the context of the emerging economy of Estonia (Article II) in comparison with 
economically more developed countries (Article I, Article III). Estonia represents an 
interesting context for comparative research with respect to its relatively recent strategic 
development of university–industry interactions and latecomer firms that need to invest in 
autonomous learning. What is specific about Estonia, is also the smallness of country and 
university contexts, reflected in the size of the enterprises and universities involved – 
allowing us insights into the effects of size on the knowledge transfer strategies used.  

Regarding managerial and practical implications, I proposed the idea that knowledge 
transfer goes beyond market-based transactions led by the TTO (Article I). Successful transfer 
of knowledge required, especially in smaller university contexts, input from other actors as 
well, like academics and enterprises. This entails developing the entrepreneurship skills of 
academics as well as involving enterprises in the assessment of the commercialisation 
potential of technologies. Additionally, although much of the knowledge transfer takes place 
across spatial distances, I found it is facilitated in innovation-driven sectors by temporary 
geographical proximity (Article II). And, in a small country setting, domestic firms not 
experienced in R&D have different routes toward entering international knowledge 
networks, including cooperating first with local universities (Article III). 

The thesis consists of a cover paper and four articles. In Chapter 1, I provide an overview 
of the theoretical framework, discuss the research phenomenon (international  
university–industry knowledge transfer) and relevant concepts employed for its study in the 
framework of neoinstitutional theory (organisational field, institutions, geographical space, 
network structure and time). Chapter 2 focuses on the research design, data collection and 
analysis methods as well as on evaluating the methodological choices. In Chapter 3, I outline 
the research results and discuss these in Chapter 4. Chapter 5 provides a conclusion where I 
present my theoretical, empirical and practical contributions, address limitations and 
propose areas for further research. 
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Abbreviations 
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NGO Non-governmental organisation 
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1 Theoretical framework 

1.1 International university–industry knowledge transfer 
As the focal concept in this thesis, knowledge can be understood as ‘a fluid mix of framed 
experience, values, contextual information, and expert insight that provides a framework for 
evaluating and incorporating new experiences and information’ (Davenport & Prusak, 1998, 
5). Knowledge can be seen as justified true belief (Nonaka, 1994). It differs from data and 
information in that data comprise discrete facts about events without interpretation or 
suggestions for action, becoming information when meaning is applied (Davenport & Prusak, 
1998). Information can be further distinguished from know-how in that information implies 
knowing its meaning, whereas know-how relates to knowing how to do something (Kogut & 
Zander, 1992). 
 Lam (2000) distinguished between the epistemological and ontological dimensions of 
knowledge. The epistemological divide is between explicit (codified) and tacit knowledge. 
The term tacit knowledge was introduced by Polanyi (1962) to refer to knowing something 
based on one’s awareness. In this respect, tacit knowledge has a personal dimension and is 
related to a specific context, making it hard to formalise and communicate; explicit 
knowledge, on the other hand, is transferrable in formal and systematic language (Nonaka, 
1994). Explicit knowledge can be acquired through formal study, while tacit knowledge is 
conveyed through practical experience (Lam, 2000). Distinguishing between these two types 
of knowledge in practice is problematic, as knowledge generation requires the combination 
of different types of knowledge (Nonaka & Takeuchi, 1995). The ontological distinction 
concerns individual and organisational knowledge. Although knowledge rests with 
individuals, it is also expressed by way of cooperation between members of a social 
community (a group, organisation or network) (Kogut & Zander, 1992).  

This thesis looks at how organisations access knowledge from external sources. 
Knowledge transfer between universities and enterprises is understood as knowledge  
co-production involving bilateral/multilateral construction of knowledge, including also the 
tacit component, and takes place through interactions in networks and with benefits 
persisting over time (Rossi et al., 2017). There has been a shift away from a more linear 
understanding of university–industry technology transfer towards an evolutionary view of 
knowledge, whereby its exchange and utilization by the actors determines its value (Hayter 
et al., 2020). In this thesis, I use the term knowledge transfer to denote the exchange, 
(co)creation and application of knowledge. 

University–industry knowledge transfer consists of academic and commercial engagement 
(Perkmann et al., 2013; Bozeman et al., 2013). The former mainly comprises contract 
research, collaborative research, consulting and informal networking, while the latter 
primarily involves commercialisation in the form of patenting, licensing and creating  
spin-offs. I explore in the thesis both academic and commercial engagement-related 
activities: contract research, collaborative research and commercialisation. Contract 
research is understood as R&D activities commissioned by industrial clients, whereas 
collaborative research is viewed as R&D arrangements between multiple organizations 
(Perkmann & Walsh, 2007). Commercialisation is defined as the transfer of a technological 
innovation for it to be utilized for producing marketable products (Kirchberger & Pohl, 2016). 
This divide between channels of knowledge transfer reflects the differential nature of 
cooperation from more knowledge-focused to more property-focused, as well as the degree 
of user involvement in knowledge generation.  

I approach international university international university–industry knowledge transfer 
as a two-dimensional phenomenon (Table 1). On one hand, it can be understood as knowledge 
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transfer for the purpose of either academic engagement or commercialisation (Perkmann  
et al., 2013) between actors, i.e. organisations and individuals, of different types located in 
different countries. On the other hand, these international collaborations can be direct and 
indirect. Jin et al. (2011) distinguished between direct knowledge transfer between 
universities and enterprises in different countries, and indirect knowledge transfer between 
two universities mediated, for example, by local subsidiaries of MNCs in respective countries. 
As a result of these axial divisions, four types of international interactions emerge, which 
advances the understanding of international university–industry knowledge transfer 
addressed in a limited number of studies (22) that were identified in Article IV. 

 
Table 1. Typology of international university–industry knowledge transfer  

 Academic engagement Commercialisation 
Direct international 
linkage 

Enterprise located internationally 
that participated in the 
production of the research 
outcome engages in its 
exploitation (Article II and III). 

Enterprise located internationally 
develops a new relationship in 
order to access university 
generated and owned knowledge 
that is the result of curiosity-
driven research (Article I). 

Indirect 
international 
linkage 

Enterprise located internationally 
that participated through a 
subsidiary, national university, 
national intermediary in the 
production and the 
exploitation of research 
outcomes (Article II). 

Enterprise located internationally 
develops through a subsidiary, 
national university, national 
intermediary a new relationship 
in order to access university 
generated and owned knowledge 
that is the result of curiosity-
driven research. 

Source: Article I (Kalantaridis et al., 2017). 
 
Direct international linkage in academic engagement implies that the user-enterprise 

participates in contract research or collaborative research directly with a foreign university 
and engages in its exploitation (e.g. in Article II and III). Indirect international linkage in 
academic engagement refers to a situation in which the user-enterprise participates in 
international contract research or collaborative research through a national subsidiary,  
local university or other intermediary body (e.g. in Article II). Direct international linkage in 
commercialisation means that the user-enterprise develops a direct new relationship with a 
foreign university to exploit knowledge generated at the university without the prior 
involvement of the enterprise (e.g. in Article I). Indirect international linkage in 
commercialisation refers to a situation in which the user-enterprise’s involvement occurs 
through a third actor to exploit knowledge generated in a foreign university without the prior 
involvement of the enterprise. 

1.2 Neoinstitutional theory in the context of international university–
industry knowledge transfer 
Neoinstitutional theory in sociology and organisational studies (DiMaggio, 1998; Nielsen, 
2001) provides the theoretical basis for studying international university–industry linkages. 
Neoinstitutional theory examines how the institutional environment shapes, mediates and 
channels social choices (Wooten & Hoffman, 2017). More specifically, neoinstitutional theory 
studies how institutional arrangements (schemas, rules, norms and routines) that guide 
social behaviour are created, diffused, adopted, developed and changed, as well as how they 
disappear over time (Scott, 2005). According to the systematic literature review I undertook 



 

15 

in Article IV, focusing on international university–industry knowledge transfer, neoinstitutional 
theory has been applied in previous university–industry studies. Malik (2013) found that 
institutional distance between actors matters in international cooperation. More specifically, 
religious, social and educational distance between the actors influences the effectiveness of 
international university–industry interactions positively, whereas the level of industrial 
development exerts a negative impact, and political distance has no effect. Additionally, 
geographical proximity plays a different role depending on the institutional backgrounds of 
actors. Ponds et al. (2007) stated that organisations with the same organisational form tend 
to collaborate over geographical distances more so than organisations with different 
institutional backgrounds. 

Compared to alternative theoretical approaches, neoinstitutional theory is suitable for 
studying international university–industry knowledge transfer as it adopts the social 
constructivist approach (Nielsen, 2001). Knowledge, which is the focal concept in knowledge 
transfer, is also seen as embedded in social activities and practices (Young, 2008) and created 
by the interactions between actors rather than being discovered (Lincoln & Guba, 2013). 
Alternative approaches, like transaction cost theory, property rights economics and principal-
agent theory, employ the concept of rationality and adhere to a more positivist tradition in 
economics (Rendtorff, 2016). Neoinstitutional theory and network theory can be seen as 
complementary approaches. The difference is that while the theory of the field sees the types 
of capital and symbolic power of actors as the basis for their position in a social space, 
network theory is more individualistic in its approach, looking at the number of ties possessed 
by actors (Kirschbaum, 2012). Social network analysis is needed, nevertheless, for disclosing 
the processes in which interpersonal relations restructure a field (Nooy, 2003).  

However, the use of neoinstitutional theory is not without limitations. Its rapid development 
has resulted in the theory becoming increasingly vague, with unclear boundaries regarding 
institutions, institutional logic and institutional work (Alvesson & Spicer, 2019). The challenge 
in neoinstitutional theory has been to address both change and stability, as well as agency 
and structure (Bouilloud et al., 2020). While the changing focus, also called organisational 
institutionalism, has made it possible to advance research agendas and account for 
institutional variation and change, there is still a need to define institutions and the essence 
of institutional analysis (Ocasio & Gai, 2020). 

1.2.1 Organisational field and cross-field intersections 
Central to neoinstitutional theory is the concept of an organisational field that penetrates 
the organisations and creates the lenses through which actors view the world (DiMaggio & 
Powell, 1991). Organisational field can be narrowly defined as ‘those organisations that,  
in aggregate, constitute a recognised area of institutional life: key suppliers, resource and 
product consumers, regulatory agencies, and other organisations that produce similar 
services or products’ (DiMaggio & Powell, 1983, 1991, 64). According to a wider view,  
it means ‘a community of organizations that partakes of a common meaning system and 
whose participants interact more frequently and fatefully with one another than with actors 
outside of the field’ (Scott, 1994, 207 ; 2008, 86). The concept of organisational field is 
related to that of Bourdieu’s field (1971; 1984) in sociology, which focuses on how networks 
of social relations structure actions in different arenas, including political, economic and 
cultural (Scott, 2008). Early approaches to organisational field emphasised the coercive, 
mimetic and normative forces that produce homogeneity (organisational isomorphism),  
as organisations are subject to common formal and informal pressures, cultural expectations, 
the desire to be legitimate, professional and successful (DiMaggio & Powell, 1983, 1991). 
Later approaches introduced the notions of variation, change, conflict, strategic action and 
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variety, seeing the organisational field as dynamic and contested by powerful actors (Wooten 
& Hoffman, 2017; Zietsma et al., 2017).  

I focus in the thesis on the interactions that take place at the intersections of 
organisational fields and see the organisational fields as overlapping and embedded in each 
other. International university–industry knowledge transfer involves actors whose main 
activities belong to different organisational fields and it necessitates actions outside their 
core operations. Universities are characterised by ambiguous technologies and hard-to-define 
goals in education and research, while enterprises produce more easily measured outputs 
with business venturing (Morphew & Huisman, 2002). Cross-field intersections between 
these actors bring together certain activities and leave apart others, allowing interactions 
across physical, social, temporal or symbolic spaces (Langley et al., 2019). Being embedded 
in distinct yet overlapping fields, means that the actors address joint issues according to their 
distinct institutional logics (Evans & Kay, 2008). This means differences in values, beliefs and 
normative expectations by which the actors make sense of, evaluate and organise their 
activities (Haveman & Gualtieri, 2017). The fields that are formed around shared issues 
encompass these multiple and conflicting logics of actors in addition to the overall changing 
nature of the field (Zietsma et al., 2017). Based on this, I propose the actors are influenced in 
the field of international university–industry knowledge transfer by the prevailing 
institutions, geographical location and network structure that change over time. 

1.2.2 Institutions in the organisational field 
Various institutions support the actors by providing legitimacy and by facilitating interactions, 
while also establishing boundaries to the interactions and constraining actors (Scott, 1995, 
2008). The difficulty in operationalising the concept is related to there being multiple and 
conflicting definitions of institutions (Alvesson & Spicer, 2019). Institutions can broadly be 
understood as informal constraints and formal rules, with the former including sanctions, 
taboos, customs, traditions and codes of conduct, and the latter comprising constitutions, 
laws and property rights (North, 1991). More specifically, these are social structures 
composed of regulative, normative and cultural-cognitive elements that confer stability and 
meaning to social life together with associated activities and resources (Scott, 1995, 2008). 
The thesis employs a distinction between regulatory, normative and cognitive institutions as 
it allows to analyse the broad concept of organisational field through different elements of 
institutions. 

Regulative institutions involve a coercive mechanism with the capacity to establish rules, 
surveillance mechanisms and sanctions to influence behaviour, and these institutions stem 
mainly from governmental legislation, industrial agreements and standards (Scott, 2003, 
2008; Bruton et al., 2010). Regulative frameworks denote, at the country level, the 
characteristics of intellectual property regimes, mainly institutional or individual ownership 
(Geuna & Rossi, 2011). At the organisational level, these involve the centrality of technology 
transfer offices in the intermediation between universities and enterprises (Phan & Siegel, 
2006), in addition to the rules and mechanisms regulating disclosure and academic 
entrepreneurship (Grimaldi et al., 2011). As a major regulatory change, the adoption of the 
Bayh-Dole Act in 1980 in the US, and its counterparts in other countries, allocated universities 
the ownership rights of patents arising from state-funded research grants (Grimaldi et al., 
2011).  

Normative institutions are binding expectations that introduce a prescriptive, evaluative 
and obligatory dimension into social life, and they are composed of values and norms that 
establish consciously followed ground rules (Scott, 2003, 2008; Powell, 2007; Bruton et al., 
2010). At the individual level, there are descriptive and injunctive norms; whereas the former 
describes the prevalence of a certain behaviour and encourages its adoption, the latter is 
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related to the evaluation attributed to a certain behaviour by others (Cialdini et al., 1990). 
The interactions across the organisational field’s boundaries influence the identity of 
individuals, as academics tend to fulfil a dual role in commercialisation activities, one that 
consists of an academic self and a secondary commercial persona (Jain et al., 2009). However, 
this dual role can foster conflict, as the adoption of norms associated with entrepreneurial 
behaviour must be reconciled with traditional scientific norms (Perkmann et al., 2013).  
A similar duality of norms may occur in enterprises, where, according to the  
university–industry interaction, a process of enterprise scientification may occur, i.e. the 
adoption of open science norms (Bjerregaard, 2010). For example, start-ups in science-driven 
sectors are subject to both academic and market logics (Battilana et al., 2017). 

Cultural-cognitive institutions are mimetic, meaning the creation of shared conceptions 
that constitute the nature of social reality and the frames through which meaning is made; 
e.g. culture and language (Scott, 2003; Powell, 2007; Bruton et al., 2010). At the individual 
level, these cultural-cognitive institutions are the language used by participants and their 
cognitive frameworks (educational background) (Malik, 2013); at the organisational level, 
this means shared knowledge bases (patents in similar areas) (Lane & Lubatkin, 1998).  
In terms of institutional differences predicting alliances between organisations, legal and 
cultural differences between countries, power distance, uncertainty and long-term 
orientation have all been found to generate a positive effect (Malik & Yun, 2017). Regarding 
collaborative research projects, which tend to be more long term and research-oriented, 
Bjerregaard (2010) has shown that shared cultural space contributes to the institutional 
convergence and blurring of institutional logics between SMEs and public university 
departments.  

1.2.3 Geographical space in the organisational field 
Neoinstitutionalism in organisational analysis shares with economic geography the idea that 
the degree of sharing a common ideational space is associated with a corresponding 
proximity of geographical space (Glückler et al., 2018). Earlier approaches to organisational 
field focused more on co-location; while in later studies, organisations were increasingly seen 
as affected by and responsive to forces beyond their local environment (Scott, 2008).  
The idea that non-spatial forms of proximity can be differentiated from spatial proximity 
originated from the French School of Proximity Dynamics in the 1990s (Boschma, 2005). 
However, the critique of the vast body of literature that has made use of the proximities 
concept has highlighted that different numbers of proximity dimensions have been used, 
with conceptual overlaps between them (Knoben & Oerlemans, 2006). Employing different 
levels of analysis (aggregate or individual) have also led to different results as research 
outcomes are dependent upon operationalisations (Hansen, 2015). The thesis makes use of 
five proximity dimensions based on Boschma (2005), including geographical, cognitive, 
organisational, social and institutional proximity as it allows distinguishing between 
institutional and other forms of proximities.  

Geographical proximity is understood as the spatial or physical distance between actors 
(Boschma, 2005). It denotes, at the organisational level, the spatial distance between the 
actors (Steinmo & Rasmussen, 2016). Geographical proximity has been operationalised in 
previous studies as degrees of proximity, including, for example, regional, national and 
international dimensions (Hansen, 2015; Petruzzelli, 2008; Steinmo & Rasmussen, 2016),  
or as the distance in kilometres between the actors (Broekel & Boschma, 2012; Hoekman  
et al., 2009). Geographical proximity is helpful in knowledge transfer as it contributes to  
the transfer of tacit knowledge (Knoben & Oerlemans, 2006). It has been found that  
higher-performing research groups are more interested in cooperating with distant firms 
(Garcia et al., 2014). Also, firms possessing higher levels of absorptive capacity tend to create 
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more spatially distant links with universities (de Fuentes & Dutrénit, 2016). While 
geographical proximity is helpful in terms of local knowledge spill overs (Grillitsch & Nilsson, 
2015), it is not a necessary condition for learning and interactive innovation (Boschma, 2005). 
Other proximities might, depending on the context, be even more important (Balland et al., 
2015).  

In addition to spatial forms of proximity, there are also non-spatial proximities. First, 
cognitive proximity is understood as a shared expertise and knowledge base between actors 
(Boschma, 2005). It signifies, at the organisational level, comparable R&D experience and 
technological similarities (Steinmo & Rasmussen, 2016); and, at the individual level, the 
shared educational background of individuals (Hansen, 2015). It has also been used in studies 
as a similarity of technology/patent class and the economic activities of actors (Broekel & 
Boschma, 2012; Petruzzelli, 2008). Higher absorptive capacity, meaning the firm’s ability to 
recognise the value of new, external information, to assimilate it, and to apply it to 
commercial ends (Cohen & Levinthal, 1990), has been found to increase the cognitive 
proximity between partners, even if they are geographically distant (De Jong & Freel, 2010). 
Too much cognitive proximity, however, could be harmful for novelty and learning 
(Nooteboom et al., 2007; Natalicchio et al., 2018), understood as the proximity paradox 
(Broekel & Boschma, 2012).  

Second, organisational proximity characterises the extent of shared institutional 
arrangements resulting in inter-dependence and control between the actors (Boschma, 
2005). It can be seen at the organisational level as actors belonging to the same legal entity, 
like networks, alliances, clusters or consortia (Hansen, 2015; Balland, 2012; Petruzzelli, 2008). 
Third, social proximity consists of trust-based relations between partners (Boschma, 2005). 
It consists, at the organisational level, of organisations which have partners in common 
(Balland, 2012); and, at the individual level, of persons who possess previous contacts and 
mutual acquaintances (Hansen, 2015; Broekel & Boschma, 2012; Steinmo & Rasmussen, 
2016). Networks based on previous interactions have been found to be characterised more 
by strong, trusting relationships for accessing knowledge, while newer connections tend to 
be weaker and more formalised (Sousa & Fontes, 2014). Fourth, institutional proximity 
consists of formal and informal institutions (Boschma, 2005). Formal constraints involve 
constitutions, laws and property rights, while informal constraints include sanctions, taboos, 
customs, traditions and codes of conduct (North, 1991). This means, at the organisational 
level, a similar institutional setting in terms of co-location that influences legislation and 
national culture (Hoekman et al., 2009); and, at the individual level, shared norms and values 
(Slavtchev, 2013). It has also been operationalised as similarities in organisational types 
(Ponds et al., 2007; Balland, 2012).  

1.2.4 Network structure of the organisational field 
Central to the organisational field is a network of actors connected by a shared structure and 
system of meanings. An organisational field is a relational system, a network, and 
organisations operating in the field inhabit distinctive positions, with diverse threats and 
opportunities (Scott, 2008). The brokering between otherwise unconnected actors,  
i.e. connecting ‘structural holes’ or social spaces in the network, has been found to increase 
the actors’ social capital, allowing access to unseen solutions (Nooteboom, 2003; Burt, 2004). 
It involves recombining and exploiting knowledge drawn from various sources (Hargadon & 
Sutton, 1997), the transfer and conversion of knowledge (Chen et al., 2015), and increasing 
trust between the actors (Kauffeld-Monz & Fritsch, 2013). Furthermore, being in a position 
in the network that bridges different organisational fields, decreases the institutional 
embeddedness of the actor in their own field, highlights tensions between multiple fields, 
and contributes to the awareness of alternatives (Greenwood & Suddaby, 2006). Studies 
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have found research organisations to be more important for international knowledge 
transfer, as they are connected to more actors and are able to absorb more knowledge (Chen 
et al., 2015; Kauffeld-Monz & Fritsch, 2013). There are also a variety of intermediary actors 
operating in the periphery of the field that endeavour to bridge the different institutional 
logics of academia and industry (Villani et al., 2017). These include technology transfer units, 
consultants, technology brokers, innovation service providers, and public and private 
agencies supporting technology transfer (Battistella et al., 2016).  

The thesis distinguishes between sectoral networks as these are characterised by different 
knowledge-sharing patterns, central actors and geographical scope. Differentiation is made 
between analytic and synthetic knowledge base (Asheim & Gertler, 2005; Asheim & Coenen, 
2005) with biotechnology being representative of the former and software of the latter.  
The concept of a differentiated knowledge base was first used to analyse such  
knowledge-sharing patterns, while later studies have included the interconnections with 
proximities and related variety (Boschma, 2018). The critique against over-simplification of 
the concept has led to the combinatorial approach, which acknowledges that several 
knowledge bases can exist simultaneously (Davids & Frenken, 2018) and that the knowledge 
base can transform over time (Manniche et al., 2017).  

Networks in science-driven sectors characterised by an analytical knowledge base have 
been found to include R&D organisations as central actors (Asheim & Gertler, 2005; Asheim 
& Coenen, 2005) and to remain weakly regionally embedded (Liu et al., 2013). Codified 
knowledge in the form of patents employed to protect intellectual property (Wal & Boschma, 
2009) is likely to increase the willingness of firms to collaborate at a distance with globally 
dispersed partners (Herstad et al., 2014). In the case of innovation-driven sectors with a 
synthetic knowledge base, emphasis is placed more on localised, path-dependent, inter-firm 
learning processes (Asheim, 2007), which are concentrated around focal firms (Salavisa et al., 
2012). In the case of the synthetic knowledge base, the more specific know-how, crafts and 
practical skills attributable to the dominance of tacit knowledge are harder to exchange over 
physical distances (Asheim et al., 2007). Thus, networks in industries based on analytical 
knowledge have been found to emerge around universities and to remain weakly embedded 
in the host region; meanwhile, firms relying on synthetic knowledge tend to develop close 
linkages at the regional level with universities missing from the network or present with other 
central firms (Liu et al., 2013; Salavisa et al., 2012). 

1.2.5 Time in the organisational field 
In addition to shared meanings, geographical space and network structure, there is also the 
temporal element of developing a shared understanding over time (Coraiola et al., 2018).  
A distinction can be made between cyclical and linear time, with the former emphasising 
organisational planning and relying on past events to predict future events, and the latter 
stressing the choice of a new path and the acting out of the future (e Cunha, 2004; Ellwood 
et al., 2017). Path dependency guides the actions of actors at the expense of pursuing new 
avenues (Ellwood et al., 2017). Previous studies have emphasised the importance of the 
institutional environment from which actors originate, as national barriers operate within an 
organisational system and are highly path-dependent (Hwang, 2010). For universities, path 
dependency and organisational culture have been found to constrain knowledge transfer and 
the capacity to interact with external actors (McAdam et al., 2017). The cumulative nature of 
absorptive capacity also restricts the activities of firms to specific domains and requires a 
deliberate effort to create absorptive capacity when knowledge not fully related to their 
regular activities is acquired and used (Cohen & Levinthal, 1990). 

Time has been found to enable a shared network structure culminating in collective 
cognition (Coraiola et al., 2018). At the start of university–industry cooperation, social, 
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organisational and cognitive proximity can act as substitutes for geographical proximity; 
whereas social and geographical, as well as institutional and geographical, proximity have 
been found to co-exist (Hansen, 2015). Cognitive proximity may increase over time for 
geographically and socially close engineering-based firms and research organisations 
(Steinmo & Rasmussen, 2016). Social proximity can also develop over time as trust-based 
relations emerge, decreasing the possibilities for opportunistic behaviour (Boschma, 2005), 
especially for cognitively and organisationally proximate science-based firms and research 
organisations (Steinmo & Rasmussen, 2016). Firms experienced in working with universities 
and research organisations have been found to start collaborations based on cognitive social 
capital, which is reinforced by the development of relational social capital over time; while 
less experienced firms establish their interactions with the university on relational social 
capital, and cognitive social capital increases over time (Steinmo & Rasmussen, 2018).  
There is a need, however, to understand better the interaction and connections between 
geographical space and institutional factors (Hansen, 2015) and the dynamic aspects of 
networked collaborations over time (Steinmo & Rasmussen, 2016). 

Interacting across organisational fields can lead to the emergence of new temporary or 
permanent organisational fields. The temporary nature of organisational fields implies that 
these fields come alive only when the actors perceive the need to interact (Wooten & 
Hoffman, 2017). The emergence of a more permanent new field requires that successful 
interaction rituals emerge as well, in addition to catalysts to sustain interactions and 
contribute to the construction of shared meanings (Furnari, 2014). The organisational field’s 
boundaries become formalised and managed by the boundary organisations (Zietsma et al., 
2017). The new shared practices become institutionalised with the emergence of rule-like 
organised patterns of action and formalisation (Zucker, 1987, 2012). Field formation has been 
found to result from disruptive events in the form of exogenous shocks (Wooten & Hoffman, 
2017). Also, mutual dependence between the fields has been found to contribute to the 
likelihood of actors creating new shared institutions to regulate their relations (Furnari, 
2016). In university–industry interactions, the adoption of the Bayh-Dole Act and its 
counterparts decreased public funding, and increased the accountability of universities to 
multiple stakeholders that has contributed to the forging of interactions with the industry. 
For the knowledge transfer process to become institutionalised, the emergence of new 
legitimacies, regulations and resources, which the actors can reinterpret and reconstruct, is 
required (Pinto, 2017). The institutionalisation of rules and practices is, in turn, related to the 
development of shared beliefs (Baldini et al., 2014). 

1.3 Theoretical framework of the study 
In this sub-section I construct a theoretical framework based on influencing factors of 
international university–industry knowledge transfer discussed previously. The organisational 
field is the intermediate unit between actors at the microlevel, and societal and transocietal 
institutions residing at the macrolevel (Scott, 2008). The interaction between different levels 
involves top-down processes comprising of diffusion and imposition of institutions to provide 
the overall operating environment, and constrain and empower lower level actors (Figure 2). 
Bottom-up processes consist of invention and negotiation enabling lower level actors to 
reproduce and change their contexts. 

I acknowledge that the organisational field is a structured phenomenon consisting of 
multiple reciprocal components (Coraiola et al., 2018). First, regulatory, normative and 
cognitive institutions provide boundaries to the interactions and inhibit actors from selecting 
alternative modes of action. Second, the actors are connected not only by a shared meaning 
system, but by geographical space (Glückler et al., 2018). The notion of space has changed 
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from co-location to organisations being increasingly affected by and responsive to forces 
beyond their local environment (Scott, 2008). Third, an organisational field is a relational 
system, a network (Scott, 2008). In the network structure, organisations and individuals 
occupy various hierarchical positions. The socially skilled actors can act as brokers connecting 
‘structural holes’ or social spaces in the network (Burt, 2004). Fourth, time is seen as a 
connecting mechanism that bridges the cognitive and structural elements of organisational 
fields and permits collective cognition to emerge (Coraiola et al., 2018).  

In the context of international university–industry knowledge transfer, I propose that the 
actors interact at the intersections of organisational fields. This collaboration is anchored in 
a specific issue, which is either academic engagement or knowledge-focused, i.e. contract 
research and collaborative research, or property-focused, i.e. commercialisation (Perkmann 
et al., 2013; Bozeman et al., 2013). Additionally, actors’ interactions can be direct or indirect, 
involving direct relationships across national boundaries between universities and foreign 
enterprises or the user-enterprise’s indirect involvement through a third party (local 
subsidiary, local university, other intermediary) (Jin et al., 2011). 
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Figure 2. The process of international university–industry knowledge transfer from the organisational 
field perspective. 
Source: composed by the author based on Scott, 2008; Matten & Moon, 2008; Jamali & Neville, 2011. 

 
From the organisational field perspective, knowledge transfer activities can take place as 

cross-field intersections characterised by formalised arrangements aimed at the governance 
of resources and the management of shared issues (Zietsma et al., 2017). Mutual dependence 
exists between organisational fields and the activities of actors, as organisational fields provide 
rules and resources for cooperation, while collaboration creates ongoing processes of 
structuration that maintain the organisational fields (Phillips et al., 2000). Interactions can 
also result in the formation of a new issue field with newly established institutions and 
institutionalised processes (Furnari, 2016).  
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2 Methodology 

2.1 Research design 
The research philosophy that led to the methodological choices made in this research stems 
from the general idea of social constructivism. It expresses my understanding of reality in that, 
based on experience, meanings are created through interaction, and thereby inform actions. 
Social constructivism stipulates at the ontological level that multiple realities are constructed 
through people’s experiences and via interactions with others, and that, at the epistemological 
level, reality is co-constructed between the researcher and the researched (Creswell, 2013). 
Constructivism posits that entities are matters of definition and convention, existing in the 
minds of the persons contemplating them, and that the relationship between the knower and 
the knowable depends on persons and contexts (Lincoln & Guba, 2013). Knowledge is seen as 
embedded in social activities and practices (Young, 2008). As knowledge is the result of social 
interaction, the criterion against which knowledge is judged is consensus between individuals 
(Adams, 2006). Thus, knowledge is created rather than discovered and therefore does not exist 
beyond the time and space in which it is generated (Lincoln & Guba, 2013). 

I employed in the thesis abductive approach to theory development, which allowed me to 
move between theory and data in order to develop conclusions based on available evidence 
(Saunders et al., 2016). As to the methodological choices, I used the triangulation of methods 
and data to enhance understanding of the phenomenon under study to increase the validity 
of the overall findings (Stoker, 2011). I combined qualitative and quantitative approaches 
that permitted the examination of different aspects of university–industry knowledge 
transfer (Bryman & Bell, 2003) via a series of consecutive studies (Leech & Onwuegbuzie, 2009). 
This meant, I looked qualitatively at international commercialisation and contract research 
(Articles I and II) and quantitatively at international collaborative research (Article III). 

I used, furthermore, various research strategies and time horizons. First, I employed case 
study research in Articles I and II. This strategy permitted a robust and compelling exploration 
of a contemporary phenomenon in its real-life context (Yin, 2009, 2018), involving detailed, 
in-depth data collection from multiple sources (Creswell, 2013). I found it suitable for 
analysing knowledge transfer in that it allowed the placement of research in a certain context 
by the selection of relevant sectors, institutions, countries, etc. (Cunningham et al., 2017).  
I collected the data cross-sectionally at a specific point in time. Second, I used social network 
analysis in Article III. This strategy focused on relational data and analysed how actors and 
groups were linked via contacts, ties and connections (Scott, 2013). I decided that 
collaborative research projects were amenable to social network analysis, as they involved 
multiple partners representing different organisation types, countries, disciplines and/or 
sectors. I collected the data longitudinally over a 21 year period and compared the different 
time periods. Third, I employed a systematic literature review in Article IV and followed the 
steps outlined by Tranfield et al. (2003), which consisted of planning, conducting, reporting 
and disseminating. This strategy facilitated answers to a clearly formulated question by 
finding, describing and evaluating evidence from all published sources pertaining to that 
question within a defined set of boundaries (Eriksson, 2013; Davies, 2000).  

2.2 Data collection and analysis 
We designed Article I as a multiple-case study of eight cases of international commercialisation 
from Estonia, India, Portugal and the UK (Table 2). These national contexts were selected to 
represent diversity on scales suggested by Audretsch et al. (2014) in terms of institutional 
development and knowledge-generating capabilities. Universities with a technological 
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orientation and relatively strong knowledge-generating capabilities were chosen for the 
study. Differentiation was made between science-driven and innovation-driven sectors. 47 
semi-structured in-depth interviews (with five target groups: senior university managers, 
technology transfer specialists, academics, entrepreneurs and government officials) were 
conducted. I undertook 10 interviews in Estonia by using purposeful sampling, comprising 
criterion sampling and snowball sampling (Patton, 2002). The interviews were recorded and 
transcribed. The interview schedules were developed based on the literature review and 
consisted of knowledge production, knowledge transfer, actors and relationships, governance 
and management of knowledge transfer. The study also utilised document analysis to access 
multiple sources of information (e.g. national R&D policy documents and analysis, university 
regulations, university R&D reports, webpages, press releases, and databases). First, we used 
directed content analysis to code the interview data in terms of key themes identified in the 
literature (Hsieh & Shannon, 2005). The themes included regulatory, normative and cognitive 
institutions at various levels. Second, we searched for patterns across cases, and merged the 
emerging themes into overarching categories (Miles et al., 2014).  
Table 2. Overview of research designs, samples, data collection and analysis methods 

Article I Article II Article III Article IV 
Research 
context 

Multiple-case 
study of eight 
instances of 
commercialization 
from Estonia, India, 
Portugal and UK 

Multiple-case study 
of nine instances of 
contract research 
at Tallinn University 
of Technology 

Social network 
analysis of EU 
research projects 
1995-2016 with 
actors from the 
Baltic States 

Systematic 
literature review 

Data 
collection 
methods 

Document analysis 
and semi-
structured in-
depth interviews 

Document analysis 
and semi-
structured in-
depth interviews 

Document analysis 
of project 
descriptions and 
partners from the 
Cordis database 

Document analysis 

Sample 47 interviews in two 
sectors (analytic 
and synthetic) with 
five stakeholder 
groups in four 
countries; eight 
with senior 
university 
managers, 16 with 
academics, nine 
with technology 
transfer specialists, 
eight with entre-
preneurs, six with 
government 
officials; 10 in 
Estonia, 12 in India, 
13 in Portugal, 12 in 
UK 

20 interviews in 
one sector 
(synthetic) with 
five stakeholder 
groups;  
two with senior 
university 
managers, two 
with technology 
transfer 
specialists, eight 
with academics, 
four with entre-
preneurs, four 
with government 
officials  

407 projects in 
two sectors 
(analytic and 
synthetic), 3,441 
organizations 
(1995-2016) 

22 research 
articles from 
Scopus and Web 
of Science 

Data 
analysis 
methods 

Qualitative 
content analysis, 
thematic coding, 
finding 
overarching 
themes 

Qualitative 
content analysis, 
thematic coding, 
finding 
overarching 
themes 

Social network 
analysis, Kruskal-
Wallis H test, post-
hoc Tamhane T2 
test 

Qualitative content 
analysis, thematic 
coding, finding 
overarching themes, 
bibliographic 
network analysis 

Source: Compiled by the author 
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   In Article II, I undertook a multiple-case study of nine instances of contract research in 
the innovation-driven sector at Tallinn University of Technology, Estonia. The cases were 
selected to include enterprises of different sizes as well as instances of success and failure.  
I sought the information from five groups of interviewees, 20 in total, with whom I performed 
semi-structured, in-depth interviews. Purposeful sampling by means of criterion sampling 
was used to locate international and domestic cases of contract research and interviewees 
who met the aforementioned criteria, while snowball sampling was used to identify 
additional persons of interest (Patton, 2002). The interviews were recorded and transcribed. 
The same interview schedules were utilised as in Article I. To complement interview data, 
document analysis was undertaken, which included reading a country’s and university’s 
regulations, a university’s annual R&D reports, financial documents, webpages, press 
releases, and databases. I organised the interview data first into a partially ordered 
descriptive matrix, after which a variable-by-variable matrix to explain relationships was 
developed (Miles et al., 2014). The partially ordered descriptive matrix included illustrations 
from the cases of cognitive, organisational, social and institutional proximity. The variable-
by-variable matrix demonstrated the division of cases according to the complementarity and 
substitution mechanism between spatial and non-spatial forms of proximity. 

We examined in Article III, by means of social network analysis, the composition and 
structure of EU research projects, in which organisations from the Baltic States participated 
for more than 20 years. The data originated from documentary sources, i.e. from the EU 
Cordis database, and covered the science-driven and innovation-driven sectors 
(biotechnology and software). These sectors were included in the analysis as they represent 
different knowledge bases (analytic and synthetic) and thus lead to differences in the core 
ideas of innovation as well as in institutional and structural network characteristics (Salavisa 
et al., 2012). Our sample comprised 407 projects and 3,441 organisations. Since relational 
data consist of connected pairs of interacting agents (Scott, 2013), pair-wise matrices were 
used for data analysis to indicate the existence or absence of a link between two 
organisations to calculate network measures (in UCINET) and visualise the networks (in 
Netdraw). First, we calculated network metrics to characterise the sectoral knowledge 
networks. Second, we undertook between-group comparisons by means of a nonparametric 
Kruskal-Wallis H test and post-hoc Tamhane T2 test (in SPSS) to examine the differences in 
brokerage roles, i.e. coordinator, gatekeeper, consultant, liaison (dependent variables) 
between organisation types (independent variable).  

In Article IV the relevant studies published on international university–industry knowledge 
transfer from 1970 to 2015 were identified for the systematic literature review, using a 
variety of keywords and their combinations from Scopus and Web of Science. After several 
rounds of reviews undertaken independently by both authors, we included 22 papers in the 
analysis that met the inclusion criteria. The articles selected for analysis were read and 
synthesised by compiling the main information for each study into data-extraction tables 
(author and publication year, research questions, source of data, methodology, variables 
used and findings). We analysed the data using qualitative content analysis to search for the 
main themes identified in the literature: channels, motivations, activities and outcomes, and 
influencing factors that characterise international university–industry knowledge transfer 
and its relationship with the internationalisation of R&D, innovation systems and higher 
education. We also used the bibliographic network analysis of author keywords (in 
VOSviewer) to graphically represent bibliometric maps using keywords from articles based 
on co-occurrence data (van Eck & Waltman, 2010). 
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2.3 Evaluation of methodological choices 
In Articles I and II, I addressed reliability by pre-testing the interview schedule. Additionally, 
at the start of the analysis, we analysed the interview data independently with the first 
author, and discussed the consistency of the findings and the applicability of the analytical 
framework. The validity of the study was increased by using different data sources.  
The combination of interviewee groups and interview data with document analysis lent 
support to the subjective accounts of interviewees and situated the findings of the interviews 
in a wider context. After the analysis was complete, I asked one of the Estonian interviewees 
to read the text to validate the research findings. In terms of external validity, the 
generalisability of the study results was limited to the same type of university context 
(technology-focused, leading research and knowledge transfer) and channel of knowledge 
transfer (commercialisation or contract research) that were included into the studies. 
Another limitation of the studies was that they addressed knowledge transfer from the 
university perspective, as the majority of interviewees worked in academia. Also, only a 
limited number of cases in which cooperation failed with regard to institutional factors were 
identified. 

In Article III, the use of different data sources might have yielded different results, as the 
structures of the networks studied were greatly determined by the rules and requirements 
of EU funding schemes. In addition, using secondary data (project descriptions and lists of 
partners) rather than primary data (interviews or surveys with project participants) restricted 
our scope of data analysis and led to simplifications (e.g. a mutual link was assumed to exist 
between project participants, while in reality there might have been more intensely related 
sub-groups within a project). The division of projects into time periods based on framework 
programmes produced networks of different sizes. This influenced some of the networks’ 
characteristics, like density. It was more difficult for the actors to be connected with a larger 
proportion of other actors in larger networks. The use of CORDIS data limited the number of 
variables in this study as well. As the organisation types and locations were recorded in the 
database, these were also included in the study. 

In Article IV, to reduce selection bias and increase reliability, both I and my co-author read 
the papers and decided independently whether the papers met the pre-determined inclusion 
criteria into the study. Differences were discussed until a joint decision could be made.  
Data extraction forms that contained the main information about the papers were used to 
document the decision-making process and provide the basis for further analysis.  
The limitation of the study was that the analysis of previous research was restricted to 
English-language articles in Scopus and Web of Science, thereby only partly covering the 
extant research published on the topic, leaving out work published in other languages as well 
as other types of publications.  

I find the methodological choices allowed for the in-depth exploration of the phenomenon 
under study and increased the validity of the overall findings, corresponding to the aim of 
the study and facilitating the answering of the research questions.  
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3 Results 
In this section, I explore the interaction between the components of the organisational field 
(institutions, geographical space, and structure with time cross-cutting across the other three 
components) as both enabling and constraining factors of international university–industry 
knowledge transfer. I provide an overview of the empirical results from the Articles I–III. 

3.1 The role of institutional factors in international university–industry 
knowledge transfer 
In Article I, I explore the role of regulatory, normative and cognitive institutions in the 
international commercialisation of university-generated knowledge, thereby contributing to 
addressing RQ1 and, in terms of the discussion on the path dependency of interactions, RQ4. 
I drew the theoretical framework of the study on neoinstitutional theory, which emphasises 
the constraints imposed on the interactions of actors operating in different organisational 
fields (Furnari, 2016). In the framework, I distinguished between regulatory, normative and 
cognitive institutions that enable, structure and limit social life (Scott, 1995, 2008).  

Eight cases of international commercialisation between university and foreign enterprises 
in science- and innovation-driven sectors originating from universities located in Estonia, 
India, Portugal and the UK were compared. In terms of the regulatory factors, the interview 
and document analysis results show that a state-level legislative framework was required  
for the successful international commercialisation of university-generated knowledge.  
This framework prevented fraud and outlined the rights and obligations of the actors.  
The effective protection of the university-generated IP was important, especially among 
cases in science-driven sectoral systems and for environments from which enterprises that 
used the technology originated. At the organisational level, there was a differential 
advancement of rules at both universities and enterprises. Universities in the UK and India 
had established distinct, wholly-owned university subsidiaries to promote international 
commercialisation. However, only in the UK was international commercialisation a part of 
strategic intent. In Estonia and Portugal, the TTOs were part of the university structure,  
but they focused more on types of knowledge transfer other than international 
commercialisation. The small patent portfolio and the absence of patent families meant that 
international commercialisation was less commonplace and was led mostly by the academic 
inventor. For enterprises, the organisational rules were well developed in non-practising 
entities and in MNCs, as these operated globally. Conversely, they were less-developed for 
small academic spin-offs. 

Regarding normative factors, new international interactions in commercialisation were 
developed between participants who were influenced by shared normative institutions. 
These comprised shared injunctive norms (perceived social pressure) and descriptive norms 
(perceived prevalence of behaviour). They were highly path-dependent as a result of 
organisational decisions, investments and the overall institutional logics that had evolved 
over time. Particularly important were norms associated with ‘science commons’ (e.g. 
openness, community, mutual criticism and fair allocation of credit), which were apparent in 
all but two cases. These norms were facilitated by individuals who had held positions in both 
academia and enterprises. On the other hand, the misalignment of scientific and commercial 
norms led to a break-down of interactions in one of the cases. Regarding shared normative 
descriptive institutions, individuals operated in environments in which commercialisation 
activities were commonplace. Academic inventors at universities and users in enterprises 
worked in departments in which patenting activity was high.  
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As for cognitive factors, these consisted of common a linguistic space, a common 
organisational knowledge base (patents in similar areas) and shared individual cognitive 
frameworks (educational backgrounds). Similarly to norms, also cognitive elements were 
part-dependant as organisational choices about developing absorptive capacity and 
individual decisions regarding education and work experience had accumulated through 
time. The results indicated, on the one hand, that a common linguistic space was an essential 
precondition for the initiation of cooperation. Shared educational backgrounds were also 
apparent in all but two of the cases included in the study. It was easier for the firms to interact 
with the university when firm representatives themselves were scientists. Common 
organisational knowledge bases were apparent again in all but two of the cases covered by 
the study. For example, in the case of an MNC, interactions with the university were 
facilitated by the deep technological knowledge possessed by the company. Additionally,  
the spin-off was in the process of applying for legal protection of its own IP in parallel with 
the patent licensing process. 

In researching the role of institutions in international collaborations, I found that institutional 
distance between actors’ environments influences international university–industry 
knowledge transfer in different forms (regulatory, normative, cognitive) and levels (state, 
organisational, individual). The consequences of interactions (success or failure) are the 
result of a combination of these factors, rather than one element alone. 

3.2 The relationship between geographical space and institutional factors1 
in international university–industry knowledge transfer 
In Article II, I study the role that geographical proximity plays in relation to non-spatial 
proximity dimensions (including institutional factors) in the context of international contract 
research, thereby contributing to answering RQ2 and, in terms of the discussion of changes 
over time in proximities, RQ4. I base the article on the notion that in addition to spatial 
proximity between the actors, other, non-spatial forms of proximity can be identified 
(Boschma, 2005; Knoben & Oerlemans, 2006). Additionally, non-spatial proximities 
(cognitive, organisational, social and institutional) can exist together with spatial proximity, 
or they can compensate for its absence (Hansen, 2015). Non-spatial proximities can also 
develop and change with time (Boschma, 2005; Steinmo & Rasmussen, 2016). 

Nine cases of contract research in innovation-driven sectors between Tallinn University of 
Technology, representing a typical technical university in Central and Eastern Europe, and 
domestic and international enterprises were analysed. The interview and document analysis 
results showed that the complementarity between spatial and non-spatial forms of proximity 
occurred for cognitive, organisational, social and institutional proximity (Table 3). Domestic 
contract research was mostly characterised by similarities in the educational background of 
individuals, but not by shared R&D experiences and technology at the organisational level. 
This can be explained by the small country context and the fixed pool of academics at the 
university. The R&D experiences of domestic enterprises (mainly SMEs) were expected to 
develop step by step when the university had proven its usefulness for the firm, mutual trust 
had increased, and both the university and the firm had engaged in more long-term 
cooperation. Organisational proximity was also found to co-exist with geographical 
proximity. Especially larger firms with more resources, but also more R&D-intensive firms like 
subsidiaries of foreign corporations and academic spin-offs, tended to belong to the same 

                                                                 
1 Institutional factors in Article II entailed institutional and cognitive proximity (Boschma, 2005) that 
corresponded in the main to the operationalisation of regulatory, normative and cognitive institutions 
(Scott, 1995, 2008) employed in Article I. 
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professional networks with the university. Additionally, social proximity was apparent in the 
form of previous organisational- and individual-level contacts. The initiation of cooperation 
without former contacts was possible in one the cases, but it required some time for the SME 
to be reassured that their idea had value and that it was safe to share it. Finally, institutional 
proximity was mostly not apparent at the individual level. The case of an academic spin-off 
was an exception, as it had grown out of the same university unit with which it cooperated. 
However, sharing a similar regulatory framework and national culture meant that 
institutional proximity existed at the organisational level. 

Geographical proximity was substituted by cognitive and social proximity and, to a limited 
extent, by institutional proximity. International contract research was characterised by R&D 
and technological similarities at the organisational level. Foreign enterprises had long-term 
R&D experience and patents in the same area as the university. The substitution of 
geographical proximity by cognitive proximity was also apparent at the individual level as 
similarities in educational background. The R&D personnel of the firms were likely to include 
individuals with similar engineering backgrounds as university personnel. Similar to domestic 
cooperation, social proximity was also important in international contract research. In the 
cases included in the study, the foreign firms had previous contacts with public sector 
organisations or with academics at the university. In one of the cases in which social proximity 
was absent, cooperation ended prematurely after the preliminary study without a further 
cooperation agreement. Lastly, in one of the cases, there was some evidence of geographical 
proximity being substituted by institutional proximity. This occurred mainly as similarities in 
work ethics (entrepreneurial spirit) and increased over time through learning about foreign 
culture and the increased social proximity (trust) enabled by temporary geographical 
proximity. It also contributed to the transfer of tacit knowledge. 
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Table 3. Complementarity and substitution between spatial and non-spatial forms of proximity 

Relations between spatial 
and non-spatial proximity 

Geographical 
proximity 

Cognitive proximity Organisational 
proximity  

Social proximity Institutional proximity 

Spatial 
closeness 

R&D and 
technology 

Education Common 
formal 

networks 

Organi-
sational 
contacts 

Personal 
contacts 

Institu-
tional 
setting 

Individual 
norms 

Complementarity Case 1
Case 3 
Case 4 
Case 5 
Case 7 

Case 5 

Case 1 
Case 3 

Case 5 
Case 7 

Case 1 
Case 3 

Case 5 

Case 1 
Case 3 

Case 5 
Case 7 

Case 1 
Case 3 

Case 5 
Case 7 

Case 3 
Case 4 
Case 5 
Case 7 

Case 5 

Substitution Case 2 
Case 6 
Case 8 
Case 9 

Case 2 
Case 6 

Case 9 

Case 2 

Case 8 
Case 9 

Case 2 

Case 8 
Case 9 

Case 2 

Source: Article II (Küttim, 2016). 
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I concluded, thus, that domestic and international interactions were formed based on 
different interaction patterns. For domestic contract research, social, organisational and 
institutional proximity existed simultaneously with geographical proximity and facilitated the 
increase of cognitive proximity in the form of increased R&D experiences over time. 
International cooperation, in which geographical proximity was absent, benefitted from the 
existence of cognitive and social proximities. There was also evidence of an increase of shared 
values and norms over time. 

3.3 The role of structural factors in relation to institutional factors2 in 
international university–industry knowledge transfer 
In Article III, I examine the institutional and structural features of knowledge networks by 
relating the brokerage roles of actors to the organisation type and location in biotechnology 
and software networks, thereby contributing to addressing RQ3 and, in terms of the 
discussion of differences between different time periods, to addressing RQ4. I relied on the 
notion that non-structural and structural features of networks influence knowledge flows 
when actors partner across institutional (countries, industries, technologies) and structural 
boundaries (Balachandran & Hernandez, 2018). I distinguished between sectoral networks 
with analytical and synthetic knowledge bases (Asheim & Gertler, 2005; Asheim & Coenen, 
2005). 

An analysis of EU-funded collaborative research projects in the areas of biotechnology and 
software in which organisations from the Baltic States had participated, from 1995 to 2016, 
was undertaken. The results of social network analysis indicated that the brokerage in 
biotechnology networks varied across different time periods (Figs. 4–6). During the first (FP4 
and FP5) and second (FP6) periods, the actors with the highest brokerage scores were higher 
education and research organisations from Eastern and Western Europe and Western and 
Northern Europe, respectively. During the third period (FP7 and H2020), these actors were 
public bodies from Western and Northern Europe. Enterprises were the least active brokers, 
and the firms with the highest brokerage scores originated from Northern and Western 
Europe. The organisations from the Baltic States that acted as brokers were mostly 
universities. Only three enterprises acted as brokers in biotechnology networks (FP6). 

 

Figure 3. Biotechnology network 
1995–2003 (FP4, FP5) (N=228). 

Figure 4. Biotechnology 
network 2003–2007 (FP6) 
(N=1221). 

Figure 5. Biotechnology 
network 2007–2016 (FP7, 
H2020) (N=280). 

Note: Red – Eastern Europe, blue – Northern Europe, white – Western Europe, green – Southern 
Europe, yellow – outside of Europe; Circle – higher education and research organisations, square – 
private for-profit, triangle – public bodies, box – NGOs; Node size – based on total normalised 
brokerage scores 
Source: Article III (Küttim et al., 2020). 

 
                                                                 
2 Institutional factors in Article III mean similarities in organisation type (Ponds et al., 2007; Balland, 
2012) that are different from the operationalisations employed in Articles I and II because of the 
limitations of the secondary dataset used in Article III. 
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According to the results of a Kruskal-Wallis H test, there was a statistically significant 
difference in brokerage scores for the different organisation types in the case of all four 
brokerage roles (i.e. coordinator, gatekeeper, consultant and liaison). The post-hoc Tamhane 
T2 test showed that in the first two periods (FP4 and FP5; FP6), universities and research 
organisations frequently acted as brokers. In the third period (FP7 and H2020), public bodies 
held more strategic positions in the network. Universities brokered in their own region and 
between regions, while public bodies brokered between different regions. The enterprises 
were underrepresented as brokers when compared to the proportion of enterprises in the 
biotechnology networks. 

In the software network, the social network analysis indicated that the actors with the 
highest brokerage scores were again mainly higher education and research organisations 
(Figs. 7–9). These actors originated mostly from Western and Southern Europe. Enterprises 
in software had higher brokerage scores than these in biotechnology and were primarily 
located in Western Europe. The actors from the Baltic States with the highest brokerage 
scores were higher education and research organisations, such as in biotechnology. Different 
from biotechnology, alongside classical universities, technical specialised universities were 
also active. Seven enterprises acted as brokers, which is more than in biotechnology. 

 

Figure 6. Software network 1995–
2003 (FP4, FP5) (N=921). 

Figure 7. Software network 
2003–2007 (FP6) (N=1316). 

Figure 8. Software network 
2007–2016 (FP7, H2020) 
(N=488). 

Note: Red – Eastern Europe, blue – Northern Europe, white – Western Europe, green – Southern 
Europe, yellow – outside of Europe; Circle – higher education and research organisations, square – 
private for-profit, triangle – public bodies, box – NGOs; Node size – based on total normalised 
brokerage scores 
Source: Article III (Küttim et al., 2020). 

 
According to the results of the Kruskal-Wallis H test, there was a statistically significant 

difference in brokerage scores for the different organisation types in the case of all four 
brokerage roles, similarly to biotechnology. The results of the post-hoc Tamhane T2 test 
showed that higher education and research organisations held the most strategic positions 
as brokers during all three periods, which was dissimilar from biotechnology networks. Again, 
universities and research organisations brokered more frequently within their own regions 
and across different regions. Like in biotechnology, the proportion of enterprises among the 
brokers was lower than the proportion of enterprises in the entire network.  

As a result of the analysis, I concluded that universities were overrepresented in both 
sectoral networks as brokers, while enterprises were underrepresented. The biotechnology 
networks differed in terms of very active public sector organisations that had high brokerage 
scores. Brokers with a larger geographical reach, i.e. connecting actors located in different 
regions, were in both sectors mainly higher education and research organisations and, in 
biotechnology, also public bodies. 
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4 Discussion  
In the thesis, I studied both the influence of the organisational field for the actors and the 
relationships among the actors across fields and spatial distances. In other words, I explored 
the effect of institutional distance on the actors as well as the characteristics of the 
networked relations that were formed. This does not comprehensively explain, however, why 
university–industry interactions at the intersection of organisational fields succeed or fail, as 
there are also non-institutional factors. Cooperation might discontinue because of actor 
characteristics (absorptive capacity, size, experiences, R&D intensity, aims and strategic 
intent), technological complexity, lack of information related to commercial applicability, the 
amount of further investments needed in developing the technology, and/or changing 
economic realities and market demand. 

The role of institutional factors in international university–industry knowledge transfer 
Regarding how regulatory, normative and cognitive institutions foster international 
university–industry knowledge transfer, I found that these institutions play different roles 
depending on the phase of interactions. In Article I, I confirmed the results of previous studies 
(Bjerregaard, 2010; Malik, 2013), stating that institutional differences in the actors’ national 
contexts mattered for international commercialisation. The existence of a common linguistic 
space and a national legislative framework were necessary conditions at the start of 
interactions for them to be initiated. Because of historical events, knowledge transfer across 
national boundaries is characterised by institutional diversity (Malik, 2013). This leads to 
differences in prevailing regulatory regimes and the cultural characteristics of national 
contexts (Ionascu et al., 2004). Such diversity is a source of behavioural uncertainty, 
increasing the cognitive complexity of interactions (Dow et al., 2016). I found that it was 
important that this uncertainty was reduced, especially in science-driven sectors and for 
user-enterprises. The regulatory framework was vital for the science-driven sectors as there 
the codified knowledge, in the form of patents employed to protect intellectual property, 
dominates (Wal & Boschma, 2009). It was also deemed important for the enterprises that 
contacted universities, as these were located in Finland, Singapore, the UK and the US. They 
occupied positions one, two, eight and 20, respectively, on the IPR protection measure.  

In Article I, I added to previous research by demonstrating that the long-term success or 
failure of international commercialisations depends on shared cognitive frameworks at both 
the organisational and individual levels and on similar individual norms. This meant that in all 
but two of the cases included in the study, the organisations possessed patents in the same 
area, and individuals had a shared educational background. In one of the cases, coming from 
Estonia, the lack of these features led to the breakdown of the interactions. My research also 
showed that the interactions between university and industry were commonplace and were 
viewed positively in the respective organisational contexts of universities and enterprises. 
Additionally, the scientists who were employed either as academics in universities or lab 
researchers in enterprises were educated in the academy and were influenced by common 
science norms. This is a novel finding, as it illustrates how the broad concept of the 
organisational field of university–industry interactions (e.g. in Malik, 2013; Malik & Yun, 
2017) consists of more complex organisational institutional realities at different levels.  

The tacit nature of knowledge complicates it for the university to identify the possible 
areas for the application of this knowledge and for the enterprises to engage in knowledge 
transfer (Fransman, 2008). In Article IV, I showed that the channels of knowledge transfer 
that are less media-rich and that allow less immediate communication are less suitable for 
the transfer of tacit knowledge (Alexander & Childe, 2013). This is the case with patenting 
and licensing that involve mostly codified knowledge (Lee, 2012). In a subsequent paper 
focusing on commercialisation that grew out of the results of the present thesis, we concluded 
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that TTOs that bridge different organisational fields and facilitate university–industry 
cooperation have to develop capabilities for evaluating the technical as well as commercial 
value of inventions in different sectors and disciplines (Kalantaridis & Küttim, 2020). Related 
to such capabilities is the identification of entrepreneurial opportunity, which requires TTOs 
to be alert to opportunities, learn from failed experiments, and acquire experience in 
entrepreneurial venturing (Ibid., 2020). This also leads licensee firms to establish more  
long-term, direct relationships with academic inventors themselves (Lee, 2012). It is 
especially important when the route to market is not through licensing but instead via the 
establishment of a spin-off (Damsgaard & Thursby, 2013). Networks of academics are also 
important for creating a new set of linkages with established firms and for identifying 
cooperation partners (Lee, 2012). The continued involvement of academics contributes to 
the transfer of tacit knowledge that transcends what is stated in the patent description. 
Additionally, the enterprises should not be excluded from the commercialisation process. 
Firms that specialise in technology transfer can provide universities with the tools needed to 
evaluate university-generated knowledge from the perspective of potential entrepreneurs 
and investors (Owen-Smith & Powell, 2003). 

The relationship between geographical space and institutional factors in international 
university–industry knowledge transfer 
Concerning how the relationship between geographical space and institutional factors is 
constructed in international university–industry knowledge transfer, my analysis showed 
that domestic and international contract research is characterised by different dynamics 
regarding proximity dimensions. I confirmed in Article II, in the context of contract research 
conducted in Estonia, the results of previous studies (Hansen, 2015) that spatial and  
non-spatial forms of proximity are characterised by mechanisms of complementarity and 
overlap. I found that in the case of domestic cooperation, geographical proximity existed 
mostly simultaneously with cognitive (educational background), organisational (networks), 
social (former organisational and individual contacts) and institutional proximity 
(institutional setting). Large domestic and international companies, academic spin-out SMEs, 
and established SMEs have different interests and capabilities for R&D cooperation (level of 
specialisation, economies of scale in R&D, already existing networks) (Fransman, 2008). 
Geographical proximity has been found to be helpful for domestic enterprises with limited 
R&D capacity and experience to access the university (Hoekman et al., 2009; Slavtchev, 2013; 
Hansen, 2015). These ties enable local enterprises to access international knowledge sources, 
reduce the costs for knowledge searches, and increase their absorptive capacity and 
cognitive proximity (Fontes, 2005; Petruzzelli & Murgia, 2019). In addition, geographical 
proximity is important in R&D projects with a short time to market as opposed to long-term 
research projects (e.g. Broström, 2010). 

From the university perspective, it is important, however, to find large R&D-intensive 
industrial partners outside the domestic market as well as to contribute to the development 
of the local economy. Universities that function, in addition to the local and regional space, 
at the international level must consolidate these different roles (Fromhold-Eisebith & 
Werker, 2013; Howells & Nedeva, 2003). My research results in Article II indicated that in 
international contract research, geographical proximity was substituted by cognitive 
(educational background and R&D experiences), social (former organisational and individual 
contacts) and, in some instances, by institutional proximity (values and norms).  
The importance of geographical proximity has been found to decline with an increase in the 
firm’s R&D expenditure and the importance of codified basic research results (Arundel & 
Geuna, 2004). R&D-intensive firms are more likely to initiate collaboration with a university 
when they share similar technological know-how, which would compensate for the spatial 
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distance (Slavtchev, 2013). However, I indicated in Article IV that the channels of knowledge 
transfer that are more collaborative and explorative (collaborative research) require more 
distant knowledge bases for novelty and creativity to emerge (Petruzzelli, 2008). 

I added in Article II to the existing studies (Petruzzelli, 2008; Hansen, 2015) that 
distinguishing between various levels of analysis (individual and aggregate), generated 
different results regarding complementarity and substitution effects. Namely, this difference 
between the results of analysis emerged for domestic cooperation but not for international 
interactions. Regarding domestic cooperation, I found that complementarity between 
geographical and cognitive proximity at the individual level is not necessarily apparent at the 
organisational level. This was because even though individuals shared a common educational 
background, organisations did not have comparable R&D experience and patents in the same 
area (technological similarity). Also, overlap between geographical and institutional 
proximity at the organisational level (similarity in institutional setting) did not always emerge 
at the individual level (shared values and norms). However, in the case of international 
cooperation, the substitution of geographical proximity with cognitive and social proximity 
existed at both the organisational and individual levels.  

The role of structural factors in relation to institutional factors in international university–
industry knowledge transfer 
In terms of how structural factors, including brokerage, are related to institutional factors in 
international university–industry knowledge transfer, I found that the relationships between 
actors differed based on the sector. In Article III, I confirmed the results of previous studies, 
indicating that sectoral networks differ in terms of the types of central actors (Asheim & 
Gertler, 2005; Asheim & Coenen, 2005; Liu et al., 2013; Salavisa et al., 2012). The proportion 
of higher education and research organisations was higher in biotechnology networks and 
exceeded that of enterprises. This can be attributed to sectoral characteristics like the high 
complexity, uncertainty and long product–service development timeframes of biotechnology 
firms (Connected Health, 2015). In Article III, I confirmed Salavisa et al.’s findings (2012), 
which argued that biotechnology networks were more connected, centralised and clustered. 
In software, however, universities and enterprises were more evenly distributed. This 
indicated that software firms also contribute to R&D and to the generation of new 
knowledge. Software networks were considerably more fragmented and more often centred 
around enterprises, as also stated by Salavisa et al. (2012).  

Although the previous studies (Liu et al., 2013; Herstad et al., 2014; Asheim, 2007; Coenen 
et al., 2006) agree on the different geographical scope of sectoral networks, my results from 
Article III did not confirm this finding. In biotechnology as well as in software, the proportion 
of actors from outside Europe was the lowest, while that of actors from Western Europe was 
the highest. This can be attributed to the characteristics of the collaborative research 
analysed. In Article IV, I showed that larger and longer-term collaborative research projects 
interest universities due to the more basic nature of the research (Caloghirou et al., 2001). 
However, the formation of EU research projects is regulated by framework programmes’ 
qualification criteria and funding rules (Balland, 2012). Also previous studies have found that 
actors in EU projects are more likely to cooperate when they have already collaborated or 
when they are located in close proximity in the network (i.e. they share social proximity) 
(Autant-Bernard et al., 2007). The different participation rates of actors from different 
countries can also be attributed to the differences in economic development and to the 
distribution of public and private R&D funding 19). 

While enterprises were active participants in the studied projects (especially in software), 
the central brokerage roles were primarily fulfilled by education and research organisations. 
These organisations more often brokered over larger geographical distances. Doing so offered 
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them advantages and disadvantages in both sectoral contexts, such as access and control over 
the flow of information, and the ability and responsibility to connect different parts of the 
network (Prell, 2012). This indicates how enterprises may benefit, in a small country setting, 
like Estonia, that is not central in terms of innovation and which is mainly outside the major 
sectoral clusters, from partnering with these universities to access global networks (Fontes, 
2005). Different from software, public bodies acted more often as brokers in biotechnology. 
This can be attributed to biotechnology originating from university labs but being substantially 
supported by governmental investments (Owen-Smith & Powell, 2004). In Article III, I added to 
previous studies by discussing the central brokerage role of higher education and research 
organisations (Kauffeld-Monz & Fritsch, 2013; Chen et al., 2015), that this did not depend on 
the sector. However, the central brokerage role of public bodies was sector-specific, being 
characteristic only of biotechnology. 

The role of time in the interactions of actors from multiple fields in international university–
industry knowledge transfer 
With regard to how time influences the interplay between the components of the 
organisational field in international university–industry knowledge transfer, I concluded it 
inhibits as well as enables cooperation. I confirmed the findings of previous research (McAdam 
et al., 2017; Ellwood et al., 2017), demonstrating that path dependency constrained the 
activities of both universities and enterprises to past areas of success. I illustrated it based on 
international commercialisation in Article I that employed a detailed operationalisation of 
institutional factors. International commercialisation was limited by the norms, cognitive 
frameworks and knowledge bases of actors that had developed over time and were difficult to 
change. These activities inhibited new interactions from emerging, as they depended largely on 
the knowledge-generating and networking abilities of the individual academics at universities. 
The question here is how path dependency influences the route of university-generated 
knowledge to market. I found that path dependency and the cumulative nature of knowledge 
restricts the licensing of new, early-stage generic technologies to existing firms. Enterprises 
tend to develop absorptive capacity in a rather narrow sectoral setting (Kenney & Patten, 2009), 
and developing such capacity requires a deliberate effort (Cohen & Levinthal, 1990). However, 
it may lead universities to establish spin-offs if the academic entrepreneurs themselves are able 
to assemble and develop the necessary resources, and to create entrepreneurial opportunities 
(Baglieri & Lorenzoni, 2014; Vohora et al., 2004). In emerging economies like Estonia, 
productivity growth is influenced mainly by external factors, such as regional spill-overs and 
convergence with more developed neighbours; while in older EU member states, productivity 
is based more on internal resources, including human capital and R&D (Männasoo et al., 2016). 
Since latecomer firms cannot remain recipients of knowledge in a global production network, 
they must invest in autonomous learning to become contributors in the global innovation 
network (Ray et al., 2017). I find this as contributing to knowledge transfer, as there are limited 
past areas of success to constrain the development of university–industry interactions. 

The enabling dimension of time was apparent in Article II, where I conformed the findings 
of previous studies (Hoekman et al., 2009; Slavtchev, 2013; Hansen, 2015; Boschma, 2005) in 
that different types of proximities can develop over time. On the one hand, in domestic 
contract research, geographical proximity enabled other forms of non-spatial proximity to 
emerge over time. Geographical proximity, co-existing with organisational and social 
proximity, increased cognitive proximity in terms of mutual understanding and trust. This 
allowed domestic SMEs with limited R&D intensity and university–industry cooperation 
experience to access university-generated knowledge. On the other hand, in international 
cooperation, social and in some cases also institutional proximity increase over time due to 
increased trust and understanding of mutual institutional logics (Slavtchev, 2013; Hansen, 
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2015). Temporary geographical proximity has been claimed to contribute over time to 
increasing the understanding of partners’ norms and the organisation of work (Torre, 2008). 
My results from Article II indicated that the regular visits by the foreign enterprise 
compensated for the absence of geographical proximity and contributed to increased 
institutional proximity in the form of shared values, norms and trust, and also the exchange 
of tacit knowledge. Trust is more likely to increase in bilateral collaborations than in cases of 
cooperation involving multiple partners (Balland, 2012). I find that the development of 
trust-based relations between partners is related mostly to the increase in social proximity. 

The consequences of cross-field interactions in international university–industry knowledge 
transfer 
In terms of the consequences of cross-field interactions, the institutionalisation of activities was 
the hardest goal to achieve in international commercialisation. Article I showed that the 
institutionalisation of international commercialisation, either in universities or enterprises, was 
the outcome of the joint effect of organisational rules, strategic intent and the volume of the IP 
held by the organisation. The novelty I added with Article I was that, in some instances, 
institutionalisation occurred in the form of non-practising entities acting as innovation 
intermediaries without sharing common knowledge bases or shared injunctive norms with the 
university. These entities can be seen, on the one hand, as facilitating connections between 
inventors whose inventions have not been deployed and user-enterprises (Spulber, 2012). 
On the other hand, they can be viewed as generating extra costs and discouraging innovation 
(Meurer & Bessen, 2014). They occupied a position between the university and user-enterprise 
organisational fields, mainly in innovation-driven sectors and in the case of the smallest 
university contexts (Tallinn University of Technology and IIT Delhi). Their importance depended 
on the size of their own IP portfolio compared to the limited knowledge-generating capabilities 
and modest volume of protected knowledge possessed by these universities. This was different 
from university-led institutionalisation, apparent in large knowledge-producing universities 
(University of Manchester) and in science-driven systems. The activities of non-practising 
entities were, nevertheless, limited due to the difference in institutional factors, such as their 
own knowledge base, injunctive norms and cognitive frameworks.  

Regarding new field formation, I added to previous studies addressing the institutionalisation 
of knowledge transfer at universities (Pinto, 2017; Baldini et al., 2014) by showing that it was 
dependent on the channel of knowledge transfer and university/ sectoral contexts. The 
international commercialisation activities discussed in Article I did not lead to the emergence 
of a new, permanent organisational field. This was the case especially in smaller university 
contexts. It was inhibited by the path-dependent nature of normative and cognitive 
frameworks, the limited number of patents, and the lack of strategic intent. An additional 
obstacle was the nature of interactions, in which user-enterprises licenced a technology whose 
development they had not participated in, and the interactions had a relatively short timespan. 
In this case, the organisational field was not always in use, but came alive when organisations 
decided to interact (Wooten & Hoffman, 2017). In the case of contract research and 
collaborative research projects, new joint regulations and institutionalised processes 
emerged, as these channels involved higher degrees of participation of actors over a longer 
period of time. As I indicated in Article IV, these interactions develop from the exploration stage 
to the integration stage (Sorensen & Hu, 2014). In the cases I explored in Article II, contract 
research-related cooperation continued in several phases and developed further into other 
areas (collaborative research, internships, student thesis, sponsorship, etc.), mainly for 
Estonian industry partners or MNCs operating in the country. In the case of MNCs and foreign 
enterprises, I uncovered instances of cooperation that had proceeded through several 
phases, implying formalisation and organisation. In collaborative research, core partnerships 
persisted over the course of different projects and funding periods. 



 

37 

5 Conclusion 
In the thesis, I aimed to explore how actors from multiple organisational fields interact 
internationally as well as the consequences of such interactions. To that end, I posed four 
research questions: (1) How do regulatory, normative and cognitive institutions foster the 
international university–industry knowledge transfer? (2) How is the relationship between 
geographical space and institutional factors constructed? (3) How are structural factors, 
including brokerage, related to institutional factors, and (4) Which role does time play in the 
interactions of actors from multiple fields in international university–industry knowledge 
transfer. 

Different from domestic knowledge transfer, the international university–industry 
interactions entail two simultaneous processes: interactions across different institutional 
contexts as well as distant organisational fields. The former entails various national contexts, 
and the latter consists of different aims and institutional logics of actors. My results indicated 
that given the country-level differences in culture, religion, regulations, etc., the individual 
and organisational level similarities play a larger role for the international interactions to 
succeed. This is because for cooperation to take place, other factors need to compensate for 
the institutional distance. I found that unlike domestic interactions, international 
cooperation required both the individual and organisational level similarities. This was 
apparent in shared cognitive and social frameworks manifested as similar educational 
background, former contacts and mutual acquaintances (at the individual level) as well as 
similarities in R&D experiences and technology, and partners in common (at the 
organisational level). 

I addressed in the thesis the role institutional differences play for the actors as well as the 
relationships that develop between the actors across fields and spatial distances, in the 
context of international university–industry knowledge transfer. This dual viewpoint enabled 
me to examine the conditions that provide the basis for initiating international cooperation 
as well as the characteristics of networked interactions that emerge between the actors.  

Based on the above, I make the following theoretical contributions: 

 Regarding the effect of institutional distance on the actors, a common language and 
legislative framework were important for university–enterprise interactions to be 
initiated (Table 4). However, their more long-term success or failure depended on 
shared normative (descriptive and injunctive norms) and cognitive institutions 
(educational background, patents in the same area), developed as a result of path-
dependent trajectories (Article I). Furthermore, I found that different from domestic 
interactions, international cooperation required similarities at both the individual and 
organisational levels. In international cooperation, the substitution of geographical 
proximity with cognitive and social proximity occurred both at the individual (shared 
educational background, former contacts and mutual acquaintances) and 
organisational levels (similarities in R&D experiences and technology, partners in 
common) (Article II). 
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Table 4. The effects of institutional distance for cooperation stages 
 Regulative 

institutions 
Normative 
institutions 

Cognitive 
institutions 

Early stages of 
cooperation 

IP regulations  Language 

Later stages of 
cooperation  

 Descriptive and 
injunctive norms 

Educational 
background; 
Patents in the same 
area 

 
 In Articles I and II, I decreased the dependence of research results on the 

operationalisations used by employing multiple levels of analysis. In Article I,  
I developed further the idea that the diversity of actors’ institutional context, 
operationalised in Malik (2013) and Malik and Yun (2017) only as state-level 
differences, influences the university–industry cooperation. This was done by 
employing a more detailed operationalisation of elements of institutions (the 
regulatory, normative, and cognitive) at several levels (the individual, organisational 
and country). This operationalisation illustrated how the broad concept of 
organisational field consists of different elements of institutions at different levels  
not employed previously in multi-county studies. In Article II, I distinguished 
simultaneously between individual and organisational levels of proximity dimensions 
and showed how that led to different results regarding domestic and international 
knowledge transfer. By operationalising proximity dimensions at several levels,  
I advanced the findings of Petruzzelli (2008) and Hansen (2015) that operationalised 
specific proximity dimensions either at individual or organisational levels.  

 In terms of the characteristics of relationships among the actors, I found that sectoral 
differences existed in the brokerage roles of actors. Higher education and research 
organisations connected actors over greater geographical distances both in 
biotechnology and software networks, while public bodies did that only in 
biotechnology (Article III). This indicated the central brokerage role of universities 
existed in the EU research projects across sectors, and that of public bodies did not.  
I advanced the findings of previous studies, e.g. Kauffeld-Monz and Fritsch (2013) and 
Chen et al. (2015), addressing the brokerage roles of different types of organisations 
in accessing distant knowledge, by adding the comparison of different sectors in 
international context. I showed that the brokerage role of higher education and 
research organisations is more universal, while that of other types of actors (e.g. 
public bodies) is more sector-specific. 

 An additional contribution concerning the relationship among the actors was that the 
institutionalisation of international commercialisation required the joint effect of 
organisational rules, strategic intent and the volume of IP held by the organisations. 
This institutionalisation is mostly led by universities, especially in the science-driven 
sectors and larger university contexts. I added with the thesis the novel contribution 
that, in some instances, institutionalisation was found to additionally occur in the 
form of non-practising entities, which acted as innovation intermediaries without 
shared normative or cognitive institutions (Article I). This happened in the 
innovation-driven sectors and smaller university contexts. These intermediaries can 
be seen only as a temporary solution to the institutionalisation problem (with pooling 
resources with other universities in the region being a more viable option). This was 
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shown in Article I, where the different norms led to the break-down of negotiations 
between the academic and commercially-driven knowledge user.  

 The consequences of interactions across fields depended on the channel of 
knowledge transfer and the university/ sectoral context. The novel contribution 
compared to studies addressing the institutionalisation of knowledge transfer, such 
as Pinto (2017) and Baldini et al. (2014), was taking the international approach and 
comparing various channels of knowledge transfer. I found that institutionalisation of 
international commercialisation was less apparent in the smaller university contexts 
and in innovation-driven sectors (Article I). There the new organisational field 
remained largely dormant. In the case of contract and collaborative research, 
however, also the smaller universities had declared internationalisation as part of 
their R&D strategy and had developed corresponding organisational rules, structures 
and practices. Contract research was found to broaden into other areas of 
cooperation (Article II) and collaborative partnerships to persist throughout different 
funding periods (Article III). 

 
My thesis makes the following empirical contributions: 

 I added the new empirical context of the emerging economy of Estonia (Articles I 
and II) and the Baltic States (Article III) to the studies of international  
university–industry knowledge transfer. This is an interesting context for 
comparative study in consideration of the relatively short time this region, which is 
considered an innovative periphery (Eder, 2019), has been involved in a market 
economy and in the strategic development of university–industry interactions.  
The latecomer advantage can be seen as contributing to knowledge transfer, as 
there are limited past areas of success to constrain the development of  
university–industry interactions. 

 I also added a comparison of Estonia with other developing and developed 
economies, including India, Portugal and the UK (Article I). These national  
contexts represented diversity in terms of institutional development (Audretsch  
et al., 2014), from advanced knowledge-generating capabilities (UK) to emerging  
knowledge-generating capabilities (India), and from globally leading (UK) to a 
relatively small (Estonia). This highlighted the smallness effects of country and 
university contexts in Estonia, where unlike in developed countries, the TTOs are not 
the leading actors in international knowledge transfer activities and international 
commercialisation is under-developed compared to other forms of knowledge 
transfer. 

 
I make in the thesis the following managerial or practical contributions: 

 In terms of commercialisation, I emphasised next to TTOs, the role of academics and 
knowledge-using enterprises, notably in smaller university contexts (Article I). This 
widens the range of cooperation partners, facilitates the transfer of tacit knowledge, 
and the assessment of the commercial value of the university-generated knowledge. 
It requires the development of entrepreneurship skills of academics (involving 
entrepreneurial opportunity, market information, networks, uncertainty and 
ambiguity of information, visioning and conceptualising abilities). And, developing a 
network with enterprises to assist in the assessment of commercialisation potential 
of technologies developed in the academia, as they are in their more narrow area 
closer to the market than the university.  
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 For contract research, although geographical proximity is not a necessary condition 
for cooperation to be initiated, it does facilitate the development of other types of 
proximities and the transfer of tacit knowledge (Article II). In that vein, I found 
temporary geographical proximity in the form of regular face-to-face contacts to be 
beneficial in international interactions, especially in innovation-driven sector. 

 In terms of collaborative research, my results indicated the benefits of having higher 
education and research organisations with a larger geographical reach and access to 
knowledge flows as consortium members (Article III). This reduces knowledge 
accession costs and enables the organisational learning of local firms (SMEs mainly, 
not experienced in R&D) regarding R&D activities regardless of the sector. 

There are several limitations and implications for further research. I examined in the thesis 
the interplay of institutional, geographical, structural and temporal factors for different 
channels of knowledge transfer separately in individual studies. Further analysis should 
address in a more detailed way the interplay between institutional factors and the types of 
knowledge being transferred. This is related to comparatively examining the explorative and 
exploitative forms of knowledge transfer, especially with regard to the different phases of 
cooperation and the corresponding characteristics of knowledge. Another avenue for further 
research is to focus on the links between knowledge production, transfer and appropriation 
in the context of entrepreneurial opportunity. The commercialisation of university-generated 
knowledge with a clearer route to market provides a context for this research approach. 
Future research should address the interconnections between sectoral characteristics, 
opportunity identification (discovery and creation) and commercialisation mechanism 
(licensing or spin-off creation). As current study approached knowledge transfer mainly from 
the university perspective, further research on enterprises is warranted. The developing 
country context, with firms less constrained by technological path dependency, provides new 
empirical insights for organisational learning as well. 
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Abstract 

International university-industry knowledge transfer  
University–industry linkages are increasingly being established over great geographical 
distances and across national boundaries, as the central locus of innovation has become 
international and dependent upon linkages between different types of organisations and 
sources of knowledge (Heitor, 2015). Access to external sources of knowledge, especially 
foreign knowledge, has been found to decrease the risks of spatial and cognitive lock-in 
(Petruzzelli & Murgia, 2019) and lead to new path development (Petruzzelli & Murgia, 2019; 
Trippl et al., 2018). This enables universities to establish and participate in global networks 
and to pursue international markets to withstand global competition (Garrett-Jones & Turpin, 
2012). For their part, enterprises are able to be more competitive in international markets by 
responding to progress in science and technology (Mason & Wagner, 1999) and engaging in 
new product development (Santoro et al., 2017).  

The research problem of the thesis is related to the notion that the transfer of knowledge 
across institutional boundaries, like countries and sectors, involves actors with different 
institutional logics and types of capital (Scott, 2015). This results in costs related to both 
accessing novel external information and integrating it (Balachandran & Hernandez, 2018). 
The costs of accessing and ‘translating’ knowledge result not only from institutional factors 
but also from the tacit nature of knowledge making, which, for the university, complicates 
the identification of possible areas for the application of knowledge and involves transactions 
costs for the firms (Fransman, 2008). 

There is a research gap in our understanding in detail how the actors that have different 
aims and operational logics interact internationally. Although previous research has 
recognised the co-existence of shared structural interactions and common cognitions in an 
organisational field, most empirical studies have emphasised one component over the other 
and have neglected the temporal component, which would have enabled the shared network 
structure to result in collective cognition (Coraiola et al., 2018). Compared to the structural 
features of the shared networks, the institutional characteristics of organisations and their 
geographical locations, which alter the characteristics of knowledge flows, have received 
limited attention (Owen-Smith & Powell, 2004). Additionally, analysing structural and 
institutional factors separately fails to address their combined influence (Balachandran & 
Hernandez, 2018).  

Based on the above-mentioned context, the aim of the thesis is to explore how actors from 
multiple organisational fields interact internationally as well as the consequences of such 
interactions. Related to the aim, I posed the following research questions: 

RQ1: How do regulatory, normative and cognitive institutions foster international 
university–industry knowledge transfer?  

RQ2: How is the relationship between geographical space and institutional factors 
constructed in international university–industry knowledge transfer?  

RQ3: How are structural factors, including brokerage, related to institutional factors in 
international university–industry knowledge transfer?   

RQ4: What role does time play in the interactions of actors from multiple fields in 
international university–industry knowledge transfer?  

My thesis consists of four articles. Article I provides the means for answering RQ1 and 
RQ4; Article II contributes towards answering RQ2 and RQ4; Article III addresses RQ3 and 
RQ4; and Article IV is concerned with all the RQs. Three of the articles explore various 
channels of knowledge transfer: commercialisation (Article I), contract research (Article II) 
and collaborative research (Article III). Additionally, these articles address the sectoral divide 
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in university–industry interactions, with Articles I and III differentiating between sectors with 
analytical and synthetic knowledge bases, and Article II focusing on the synthetic knowledge 
base.  

My research results indicated that the collaborations require shared regulatory framework 
and language of communication (Article I). Additionally, the similarities in cognitive and 
normative institutions (shared education background and R&D experience, common norms 
of actors) largely defined the outcome of commercialisation of university-generated 
knowledge. As these were path dependent and hard to change, this limited also the scope 
for increasing international knowledge transfer activities. In case the institutionalisation of 
international commercialisation had not been led by universities (at the account of 
organisational rules, strategic intend and volume of IP), it allowed non-practicing entities to 
act as innovation intermediaries. 

I also found that domestic and international contract research between university and 
enterprises were formed based partly on different interaction patterns between proximity 
dimensions (Article II). Different overlap and substitution mechanisms between spatial and 
non-spatial forms of proximity could be observed. For domestic contract research the 
existence of geographical, social and organisational proximity could compensate for the lack 
of other types of proximities and facilitate the increase of cognitive proximity in the form of 
increased R&D experience over time. International cooperation, where geographical 
proximity was absent, benefitted from the existence of cognitive and social proximities. 
Regarding institutional factors, international contract research was characterised by 
differences in institutional settings (due to location), but with some evidence of increase of 
shared values and norms at individual level over time. 

Networks with different institutional characteristics were formed in different sectors 
(Article III). I concluded that biotechnology and software knowledge networks were similar 
in terms of their geographical reach, but differed regarding the institutional factors.  
The actors with the highest brokerage scores were located in Western, Northern and 
Southern Europe. Actors from outside of Europe were the least represented in both sectors. 
The higher education and research organisations were over-represented in both sectoral 
networks as brokers, while enterprises were under-represented. Brokers with larger 
geographical reach, i.e. connecting other-wise unconnected actors located in different 
regions, were in both sectors mainly higher education and research organisations, and also 
public bodies in biotechnology.  

I contribute theoretically to international university–industry knowledge transfer by 
combining two perspectives: i) the influence of the organisational field on actors, and  
ii) relationships among the actors across fields and spatial distances.  

Regarding the effect of institutional distance on the actors, I propose in the thesis a more 
detailed operationalisation of institutions consisting of the regulatory, normative, and 
cognitive elements at the individual, organisational and country levels (Article I). With this 
operationalisation I illustrated how the broad concept of organisational field consists of 
different elements of institutions at different levels not employed previously in studies of 
international knowledge transfer. I also showed that the long-term success or failure of 
international interactions depended on shared individual norms and cognitive frameworks 
as well as organisational knowledge bases (Article I). Different from domestic cooperation, 
international collaboration required similarities at both the individual and organisational 
levels (Article II). 

As to the characteristics of relationships among the actors, I brought forth the differences 
between various types of organisations in their ability to connect actors and build networks 
internationally (Article III). I showed with my research that the brokerage role of higher 
education and research organisations was more universal, while that of public bodies was 
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sector-specific. As for the consequences of interactions, the comparative approach led me to 
the finding that institutionalisation of international commercialisation was less apparent in 
smaller university contexts and in innovation-driven sectors (Article I). International contract 
and collaborative research, however, was more institutionalised even in the smaller 
universities (Article II).  

I also empirically contribute, to studies of international university–industry knowledge 
transfer, the context of the emerging economy of Estonia (Article II) in comparison with 
economically more developed countries (Article I, Article III). Estonia represents an 
interesting context for comparative research with respect to its relatively recent strategic 
development of university–industry interactions and latecomer firms that need to invest in 
autonomous learning. What is specific about Estonia, is also the smallness of country and 
university contexts, where unlike in developed countries, the TTOs are not the leading actors 
in knowledge transfer activities and commercialisation is under-developed compared to 
other forms of knowledge transfer. 

Regarding managerial and practical implications, I propose in the thesis the idea that 
knowledge transfer goes beyond market-based transactions led by the TTO (Article I). 
Successful transfer of knowledge requires, especially in smaller university contexts, input 
from other actors as well, like academics and enterprises. It requires the development of 
entrepreneurship skills of academics. And, developing a network with enterprises to assist in 
the assessment of commercialisation potential of technologies developed at the academia. 
Additionally, although much of the knowledge transfer takes place across spatial distances,  
I found it is nevertheless facilitated in innovation-driven sectors by temporary geographical 
proximity (Article II). And, in a small country setting, firms have different routes toward 
entering international knowledge networks, including cooperating first with local universities 
(Article III). 
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Lühikokkuvõte                                                                 
Rahvusvaheline ülikooli ja ettevõtete vaheline teadmussiire 
Ülikoolid ja ettevõtted teevad üha enam koostööd suurte vahemaade tagant, ületades 
riigipiire, sest innovatsiooni kese on muutunud rahvusvaheliseks, sõltudes koostööst eri tüüpi 
organisatsioonide vahel ja juurdepääsust teabele (Heitor, 2015). Juurdepääs välistele 
teadmusallikatele, eriti rahvusvahelisele teabele, vähendab ruumilise või kognitiivse 
kapseldumise riski (Petruzzelli & Murgia, 2019) ja võimaldab leida uusi arenguteid (Petruzzelli 
& Murgia, 2019; Trippl et al., 2018). See aitab ülikoolidel luua globaalseid võrgustikke ja 
tegutseda rahvusvahelisel turul tulemaks toime globaalse konkurentsiga (Garrett-Jones & 
Turpin, 2012). Ettevõtted on samuti rahvusvahelisel turul konkurentsivõimelisemad ning 
käivad kaasas teaduse ja tehnoloogia arenguga (Mason & Wagner, 1999; Santoro et al., 
2017). 

Doktoritöö uurimisprobleem tuleneb asjaolust, et teadmussiire, mis toimub üle 
institutsionaalsete piiride nagu riigid ja sektorid, hõlmab erineva institutsionaalse loogika ja 
kapitaliga osapooli (Scott, 2015). See toob kaasa kulud, mis on seotud nii uuele infole 
juurdepääsu kui ka selle kasutamisega (Balachandran & Hernandez, 2018). Teadmusele 
ligipääsemise ja selle ’tõlkimisega’ seotud kulud ei tulene ainult institutsionaalsetest 
teguritest, vaid ka vaiketeadmuse (tacit knowledge) olemasolust, mis ei ole kirjapandud ja 
raskendab seetõttu ülikoolidel teadmusele rakendusvõimaluste leidmist ja tekitab 
ettevõtetele kulusid selle kasutamisel (Fransman, 2008).  

Uurimislünk seisneb erinevate eesmärkide ja institutsionaalse loogikaga ning eri riikides ja 
institutsionaalsetes keskkondades paiknevate osapoolte koostöö mõistmisel. Kuigi eelnevad 
uuringud on toonud välja võrgustiku struktuuri ja ühiste arusaamade koosesinemise 
organisatsiooni väljal (organisational field), on enamik uuringuid rõhutanud ühe komponendi 
olulisust võrreldes teistega ega ole pööranud piisavalt tähelepanu ajale ja selle rollile 
(Coraiola et al., 2018). Võrreldes teadmuse liikumist mõjutavate võrgustike struktuuriliste 
omadustega on organisatsioonide institutsionaalsed eripärad ja nende asukoht pälvinud 
vähem tähelepanu (Owen-Smith & Powell, 2004). Lisaks ei võimalda struktuuriliste ja 
institutsionaalsete tegurite eraldi analüüsimine arvesse võtta nende ühismõju (Balachandran 
& Hernandez, 2018).  

Minu doktoritöö eesmärgiks on analüüsida, kuidas erinevatel organisatsiooni väljadelt 
tegutsevad osapooled rahvusvahelist koostööd teevad ning mis on selle tagajärjed. 
Doktoritöös otsitakse vastuseid järgmistele uurimisküsimustele: 

RQ1: Kuidas toetavad rahvusvahelist ülikooli ja ettevõtete vahelist teadmussiiret 
regulatiivsed, normatiivsed ja kognitiivsed institutsioonid?  

RQ2: Milline on rahvusvahelises ülikooli ja ettevõtete vahelises teadmussiirdes 
geograafilise ruumi ja institutsionaalsete faktorite vaheline seos?  

RQ3: Kuidas on rahvusvahelises ülikooli ja ettevõtete vahelises teadmussiirdes 
struktuurilised ja institutsionaalsed tegurid omavahel seotud?  

RQ4: Millist rolli omab rahvusvahelises ülikooli ja ettevõtete vahelises teadmussiirdes aeg 
erinevatelt organisatsiooni väljadelt pärit osapoolte koostöös?  

Doktoritöö koosneb neljast artiklist. Artikkel I võimaldab vastata uurimisküsimustele 1 ja 
4, artikkel II panustab uurimisküsimustesse 2 ja 4, artikkel III käsitleb uurimisküsimusi 3 ja 4 
ning artikkel IV on seotud kõigi nelja uurimisküsimusega. Artiklid käsitlevad erinevaid 
teadmussiirde kanaleid: kommertsialiseerimist (artikkel I), lepingulist koostööd (artikkel II) ja 
koostööprojekte (artikkel III). Artiklites on tehtud vahet ka sektorite vahelisel erinevusel 
ülikooli ja ettevõtete koostöös, sest artiklites I ja III on eristatud analüütilise (analytic) ja 
sünteetilise (synthetic) teadmiste baasiga sektoreid ning artikkel II keskendub sünteetilise 
teadmiste baasiga sektorile.  
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Minu doktoritöö tulemused näitasid, et rahvusvaheliseks kommertsialiseerimiseks oli 
vajalik sarnane regulatiivne raamistik ja ühine keeleruum (artikkel I). Lisaks sõltus ülikooli ja 
ettevõtete koostöö edukus sarnastest kognitiivsetest ja normatiivsetest teguritest (sarnane 
hariduslik taust ja T&A kogemused, sarnased normid). Kuna need on rajasõltuvad ja raskesti 
muudetavad, takistavad need rahvusvahelise teadmussiirde laienemist. Kui rahvusvahelise 
kommertsialiseerimise institutsionaliseerimist ei juhtinud ülikoolid (toetudes organisatsiooni 
tasandi reeglistikule, strateegilistele eesmärkidele ja piisavale intellektuaalomandile), 
võimaldas see tegutseda vahendajatel, kes ei võta ise intellektuaalomandit kasutusele, vaid 
müüvad seda edasi teistele ettevõtetele. 

Riigisisest ja rahvusvahelist lepingulist koostööd iseloomustasid erinevad läheduse 
kombinatsioonid (artikkel II). Mistõttu toimisid erinevalt ruumilise ja mitte-ruumilise 
läheduse (spatial and non-spatial proximity) kattumise ja kompenseerimise mehhanismid. 
See tähendab, et siseriikliku koostöö puhul kompenseeris geograafiline lähedus koos 
sotsiaalse ja organisatsioonilise lähedusega kognitiivse läheduse puudumist osapoolte vahel. 
Samuti võimaldas see kognitiivsel lähedusel aja jooksul kasvada. Rahvusvahelise koostöö 
puhul, kus geograafiline lähedus puudus, asendas seda kognitiivne ja sotsiaalne lähedus. 
Rahvusvahelist koostööd iseloomustas üldiselt institutsionaalse läheduse puudumine, kuna 
organisatsioonid paiknesid erinevates institutsionaalsetes keskkondades. Siiski võis aja 
jooksul märgata sarnaste individuaalsete väärtuste ja normide kasvu. 

Eri sektorites tekkisid erinevate institutsionaalsete teguritega võrgustikud (artikkel III). 
Biotehnoloogia ja infotehnoloogia võrgustikud sarnanesid oma geograafilise ulatuse poolest, 
aga erinesid institutsionaalsete tegurite osas. Organisatsioonid, mis ühendasid enim 
omavahel mitteseotud osapooli (brokers), asusid Lääne-, Põhja- ja Lõuna-Euroopas. 
Väljaspool Euroopat asuvad organisatsioonid olid mõlemas sektoris kõige vähem esindatud. 
Mõlemas sektoris olid haridus- ja teadusasutused vahendajatena üle-esindatud ning 
ettevõtted ala-esindatud. Suurima geograafilise koostöö ulatusega organisatsioonid, kes 
ühendasid omavahel mitteseotud osapooli, olid mõlemas sektoris eelkõige haridus- ja 
teadusasutused. Biotehnoloogias olid nendeks ka avaliku sektori asutused.  

Minu doktoritöö panustas teoreetiliselt rahvusvahelise ülikooli ja ettevõtete vahelise 
teadmussiirde mõistmisse kombineerides kahte lähenemist: organisatsiooni välja mõju 
osapooltele ja osapoolte vahelistele suhetele, kui osapooled tegutsevad erinevatel 
organisatsiooni väljadel ja institutsionaalsetes keskkondades.  

Institutsionaalse konteksti mõju analüüsimiseks pakkusin doktoritöös välja 
institutsioonide detailsema määratluse eristades indiviidi, organisatsiooni ja riigi tasandil 
regulatiivseid, normatiivseid ja kognitiivseid elemente (Artikkel I). See lähenemine näitas, 
kuidas laiem organisatsiooni välja mõiste koosneb institutsioonide erinevatest elementidest 
eri tasanditel, mida rahvusvahelise teadmussiirde uuringutes ei ole varem kasutatud. 
Koostöö pikaajalisem õnnestumine sõltus jagatud individuaalsetest normidest ja 
kognitiivsetest raamistikest ning organisatsiooni tasandi teadmiste iseloomust (Artikkel I). 
Erinevalt siseriiklikust koostööst oli rahvusvahelise teadmussiirde puhul vajalik sarnasus nii 
indiviidi kui organisatsiooni tasandil (Artikkel II). 

Osapoolte vaheliste suhete iseloomu osas leidsin, et eri tüüpi organisatsioonidel on erinev 
võimekus osapooli ühendada ja rahvusvahelisi võrgustikke luua (Artikkel III). Minu uuringu 
tulemused näitasid, et haridus ja teadusasutuste roll vahendajana oli üldisem, samas kui 
avaliku sektori organisatsioonide roll sõltus sektorist. Koostöö tagajärgede osas tõin 
doktoritöös välja, et rahvusvahelise kommertsialiseerimise institutsionaliseerimine oli vähem 
nähtav väiksemates ülikoolides ja innovatsiooni-põhistes sektorites (Artikkel I). Lepingulise 
koostöö ja koostööprojektide puhul oli see ka väiksemate ülikoolide puhul strateegiliseks 
eesmärgiks ja nad olid välja töötanud vastavad reeglid, loonud struktuurid ja kujundanud 
praktikad (artikkel II).  
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Minu doktoritöö panustas rahvusvahelise ülikooli ja ettevõtete teadmussiirde alastesse 
uuringutesse ka empiiriliselt, lisades sinna Eesti kui areneva majanduse konteksti (artikkel II) 
võrdluses rohkem arenenud riikidega (artikkel I, artikkel III). Eesti on huvitav uurimisobjekt, 
arvestades suhteliselt lühiajalist turumajanduse perioodi ja ettevõtete vajadust investeerida 
organisatsiooni tasandi õppimisse. Nii Eestit kui siin paiknevaid ülikoole iseloomustab 
väiksus, mistõttu erinevalt arenenud riikidest ei ole ülikoolide tehnoloogiasiirde keskused 
rahvusvahelises teadmussiirdes juhtivaks osapooleks ja rahvusvaheline 
kommertsialiseerimine on võrreldes teiste teadmussiirde kanalitega vähem oluline. 

Doktoritöö juhtimisalane ja praktiline panus seisnes selles, et doktoritöös rõhutati 
teadmussiirde laiemat iseloomu kui turupõhised suhted, mida juhib ülikooli 
tehnoloogiasiirde keskus (artikkel I). Teadmussiire vajab ka teiste osapoolte panust nagu 
teadlased ja teadmust kasutavad ettevõtted, seda eriti väikemate ülikoolide puhul. Selleks 
on vajalik teadlaste ettevõtlusega seotud teadmiste ja oskuste arendamine. Ja võrgustiku 
loomine ettevõtetega, et kaasata neid ülikoolis loodud tehnoloogiate kommertsialiseerimise 
potentsiaali hindamisse. Lisaks, kuigi suur osa teadmussiirdest toimub suurte vahemaade 
tagant, aitab (ajutine) geograafiline lähedus sellele kaasa (artikkel II). Väikeriigi kontekstis on 
vähese T&A tegevuse kogemusega ettevõtetel piiratud võimalused rahvusvaheliste 
teadmusvõrgustikega liitumiseks ning partnerlus kohalike ülikoolidega on üks võimalik 
lahendus (artikkel III). 
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Appendix 

Publication I 
Kalantaridis, C.; Küttim, M.; Govind, M.; Sousa, C. (2017). How to commercialise university-
generated knowledge internationally? A comparative analysis of contingent institutional 
conditions. Technological Forecasting & Social Change, 123, 35-44.  
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O���$���_�4WP�

a�j����$a�$l�!$g����S����$m�*�0�1�N2$3c����
�	�������
������������
�����������������
���
��
����
�	��"�	�4�����4� 4�	�4�
�6$\]>?9@8ABC9D\>V]A9C9F̂\8BA:D>8$M���NQO���$
����4_W�

a
�����$�����a���	��$c�0�1��2$3n������������
�����	�g���	��������������
!"
�	��
������!��
����6$?9@8ABC9DYV9A9GKVo>9F8Bp]̂$M�����O���$���P1̀4PNN�

a
���
q�$#�0�1�12$3r�
������	�������
����
�	�
�T�������������������������
���!4
������
!����
������6$I>:>B8V]h9CKV̂$M���ǸO���1$����N��4�N�1�
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;162B47974�36479�0=7�?762�1K�0=7�670819:�0=7195M�19F<6B2<0B16<?�W7?42�;<6�

;162B20�1K�0=7�B643209B<?�<64�743;<0B16<?�27;0192M�01F70=79�8B0=�E<906792M�

;1DE70B0192M�K364B6F�<F76;B72�<64�97F3?<0192�JS;100M�\]]_LG�



���

�������	
�	�
����������	���	��������	��������		


�	��	�������	�������

������	�������	��	���� ���	����
��

����
��	��
!���
��	��	���������	"#���	$%&'('%��)*	+��,	�-*	��,	�	".-)

/0	12	34221567	849	49:;<12;014<2	04	1=10;07	7<>194<=7<0;6	767=7<02	1<	0?719	

209@A0@972	;<B	B7;6	C10?	0?719	7<>194<=7<02	;0	0?719	54@<B;9172	DE7F79	

G	H4C;<I	JKLLMN	O4@<B;9F	C49P	1<>46>72	C49P	C10?1<	;<B	;A9422	>;914@2	

Q76B2N	R?167	0?7	849=79	1<A6@B72	=;1<0;1<1<:	49	A?;<:1<:	;	:1>7<	Q76B	5F	

=;<13@6;01<:	102	54@<B;9172	894=	0?7	1<21B7I	0?7	6;0079	1<>46>72	39407A01<:	

49	A4<094661<:	;	237A1QA	Q76B	270067=7<0	5F	976;01<:	10	04	40?79	Q76B2	DS7687<I	

TUJVMN	W4<Q:@9;014<;6	54@<B;9F	C49P	591<:2	04:70?79	A790;1<	;A049X2	

;A01>10172I	67;>72	40?792	;3;90	;<B	8;A1610;072	1<079;A014<	;A9422	3?F21A;6I	

24A1;6I	07=349;6	49	2F=5461A	23;A72	DY;<:67F	Z[	\]NI	TUJKMN	̂?12	972@602	1<	0?7	

849=;014<	48	A9422_Q76B	1<07927A014<2	;94@<B	2?;97B	;<B	A?;<:1<:	122@72	0?;0	

7<A4=3;22	B1201<A0	2702	48	;A0492	;<B	=@601367	A4<̀1A01<:	64:1A2	Da1702=;	Z[	

\]NI	TUJLMN	̂?@2I	49:;<12;014<2	48	B188797<0	0F372	?;>7	04	4>79A4=7	B188797<0	

49:;<12;014<;6	64:1A2	;<B	=401>;014<2	1<	49B79	04	A44379;07	Db;6;<0;91B12	Z[	

\]NI	TUJLMN	

c7A4<BI	de	9727;9A?	394f7A02	A4<2120	48	;A0492	894=	B188797<0	:74:9;3?1A;6	

64A;014<2	;<B	48	B188797<0	:74:9;3?1A;6	97;A?N	/<	;BB1014<	04	0?7	3?F21A;6	

B120;<A7	570C77<	0?7	;A0492I	:74:9;3?1A;6	394g1=10F	B7<4072	;624	

21=16;910172	1<	1<2010@014<;6	A4<07g0	57A;@27	48	A4_64A;014<	DO42A?=;I	TUUVh	

S47P=;<	Z[	\]NI	TUUKMN	R?167	:74:9;3?1A;6	394g1=10F	12	?7638@6	1<	079=2	

48	64A;6	P<4C67B:7	231664>792	Di9166102A?	G	j16224<I	TUJVMI	10	12	<710?79	;	

2@8QA17<0	<49	<7A722;9F	A4<B1014<	849	67;9<1<:	49	1<079;A01>7	1<<4>;014<	

DO42A?=;I	TUUVh	TUJkMN	j7>790?76722I	:74:9;3?1A;6	394g1=10F	?;2	577<	

84@<B	04	A4<0915@07	04	0?7	B7>7643=7<0	48	40?79	394g1=10F	0F372I	2@A?	;2	

A4:<101>7	394g1=10FI	C?1A?	A;<	1<A97;27	4>79	01=7	849	7<:1<7791<:	Q9=2	;<B	

9727;9A?	49:;<12;014<2	0?;0	;97	24A1;66F	;<B	:74:9;3?1A;66F	A6427	Dc071<=4	

G	H;2=@227<I	TUJlMN	i74:9;3?1A;6	394g1=10F	?;2	;624	577<	84@<B	04	57	

=497	1=3490;<0	04	A466;549;014<2	570C77<	49:;<12;014<2	C10?	B188797<0	

1<2010@014<;6	5;AP:94@<B2	0?;<	04	49:;<12;014<2	48	0?7	2;=7	0F37	Dm4<B2	Z[	

\]NI	TUULMN	

n1<;66FI	;<B	1<	079=2	48	27A049;6	A?;9;A0791201A2I	;	B1201<A014<	A;<	57	=;B7	

570C77<	;<;6F01A;6	;<B	2F<0?701A	P<4C67B:7	5;272	Do2?71=	G	i790679I	TUUVh	

o2?71=	G	W47<7<I	TUUVh	o2?71=	Z[	\]pI	TUJJMN	o<	;<;6F01A;6	P<4C67B:7	5;27	

12	A?;9;A0791201A	48	1<B@209172	C?797	2A17<01QA	P<4C67B:7	12	1=3490;<0	;<B	

P<4C67B:7	A97;014<	12	5;27B	4<	849=;6	=4B762I	A4B1Q7B	2A17<A7	;<B	9;014<;6	

394A72272	D7N:NI	51407A?<464:FM	Do2?71=	G	i790679I	TUUVMN	b<4C67B:7	07<B2	

04	57	A4B1Q7B	;<B	0?7<	09;<287997B	894=	HGq	49:;<12;014<2	04	7<079391272	

0?94@:?	849=;6	HGq	A44379;014<I	C?1A?	0F31A;66F	67;B2	04	9;B1A;6	1<<4>;014<	

Do2?71=	G	W47<7<I	TUUVMN	̂?12	12	57A;@27I	1<	51407A?<464:FI	@<1>79210F_

:7<79;07B	P<4C67B:7	12	4807<	:7<791A	;<B	A;3;567	48	A97;01<:	;	594;B	9;<:7	



���

�������	

�����������������
���������

�����������������������������
�����

����������������
 ������������! �"#��$��%&'('%)*+�,��-�)��$�-�)�".�+

/0�122345164/78�9:131;481�<=�>?@A�BCDBE@�FGH7�477/;164/7�IJ43K8�/7�1713L64513�

M7/N3HKOHA�PQR�17K�854H764S5�TH8H1T5G�O147�2T/U47H75H�17K�J74;HT846LV

47KJ86TL�5/77H564/78�IH5/UH�U/TH�4U2/T6176�17K�0THWJH76�9X8GH4UA�BCCYE@�

X8�M7/N3HKOH�48�/06H7�5/K4SHKA�46�517�IH�HZ5G17OHK�/;HT�3/7O�K486175H8�106HT�

6GH�4746413�HZ23/T164;H�861OH8�/0�TH8H1T5G�9[166H8A�BCDB\�[1T647A�BCD]E@�

X�8L76GH645�M7/N3HKOH�I18H�2TH;1438�47�8H6647O8�NGHTH�6GHTH�48�61546�

M7/N3HKOHA�17K�6GH�122345164/7�/0�1�7/;H3�5/UI47164/7�/0�HZ48647O�M7/N3HKOH�

K/U4716H8�9X8GH4U�Q�̂HT63HTA�BCC_E@�̀G48�/55JT8�47�8/06N1TH�17K�5/U2J647O�

8HT;45H8�6G16�1TH�I18HK�U/TH�/7�H7O47HHT47O�6G17�854H75H�9:131;481�<=�>?@A�

BCDB\�FH6HT47O8�Q�a/7K8A�BCCbE@�c7�6GH8H�518H8A�TH5/UI4747O�M7/N3HKOH�6G16�

G18�IHH7�KT1N7�0T/U�8J2234HT8�/T�8HT;45H�STU8�J8J133L�3H1K8�6/�475THUH7613�

477/;164/7�9X8GH4U�Q�d/H7H7A�BCC_E@�X36G/JOG�KH;H3/2UH768�61MH�2315H�16�1�

T124K�215H�47�8/06N1THA�6G48�OH7HT16H8�1�U/TH�34U46HK�85/2H�/0�H76TH2TH7HJT413�

/22/T6J746L�9:131;481�<=�>?@A�BCDBE@�e74;HT846LV47KJ86TL�5/77H564/78�THU147�

TH3H;176�6/�12234HK�TH8H1T5G�17K�KH;H3/2UH76�9X8GH4U�Q�̂HT63HTA�BCC_E@�

fH;HT6GH3H88A�7H6N/TM8�1TH�2T4U1T43L�5TH16HK�IH6NHH7�8J2234HT8�17K�

5J86/UHT8�17K�N46G47�5/UUJ7464H8�/0�2T15645H�9[1T647A�BCD]E@�g4TU8�N46G�1�

8L76GH645�M7/N3HKOH�I18H�THWJ4TH�U/TH�82H54S5�HZ2HT648HA�5T106�17K�2T1564513�

8M433A�NG45G�1TH�K40S5J36�6/�HZ5G17OH�15T/88�OH/OT12G4513�K486175H8�9X8GH4U�

<=�>?@A�BCCYE@�g/T�6GH8H�TH18/78A�6GHL�6H7K�6/�IH�3H88�47;/3;HK�47�476HT7164/713�

5//2HT164/7�17K�U/TH�0/5J8HK�/7�3/513�488JH8�9d/H7H7�H6�13@A�BCCh\�iHT861K�

<=�>?@A�BCDj\�[1T647A�BCD]E@�

�-���
���
��������
���

:/5413�7H6N/TM�1713L848�0/5J8H8�/7�6GH�86TJ56JTH�17K�H;/3J64/7�/0�

476HT/TO1748164/713�476HT1564/7�17K�6GH�k/N�/0�470/TU164/7A�M7/N3HKOH�17K�

/6GHT�TH8/JT5H8�9̀HT�F13�Q�l/85GU1A�BCCbE@�lH51J8H�156/T8�1TH�/TO1748HK�

47�7H6N/TM8�/0�7/KH8�6G16�1TH�5/77H56HK�6GT/JOG�86TJ56JTHK�TH3164/78G428�

9̂T17/;H66HTA�DbY]\�mT15MG1TK6A�DbbBEA�8/5413�7H6N/TM�1713L848�H71I3H8�

K400HTH76�7H6N/TM�86TJ56JTH8�17K�6GH�T/3H�6G16�156/T8�231L�47�6G/8H�7H6N/TM8�

6/�IH�HZ23/THK�9aTH33A�BCDBE@�lT/MHT8�6T1780HT�M7/N3HKOH�IH6NHH7�156/T8�NG/�

1TH�7/6�K4TH563L�347MHK�9f//6HI//UA�BCC]E@�̀GHL�517�138/�TH5/UI47H�17K�

HZ23/46�6GH�M7/N3HKOH�6G16�6GHL�KT1N�0T/U�6GH�;1T4/J8�156/T8�IH7HS6647O�6GJ8�

0T/U�6GH4T�476HTUHK41TL�2/8464/7�9i1TO1K/7�Q�:J66/7A�DbbYE@�m7/N3HKOH�

IT/MHT47O�47;/3;H8�I/6G�6GH�6T1780HT�17K�5/7;HT84/7�/0�M7/N3HKOH�9dGH7�

<=�>?@A�BCD_E�17K�48�47K45164;H�/0�6GH�k/N�/0�M7/N3HKOH�9m1J00H3KV[/7n�Q�

gT4685GA�BCD]E@�c7�6HTU8�/0�OH/OT12GL�17K�IT/MHT1OH�6L2H8A�l1315G17KT17�

17K�iHT717KHn�9BCDoE�0/J7K�6G16�NG43H�156/T8�47�K/UH8645�6T41K8�96GTHH�



���

������	
��
������������
���
�������
������	



��
��
��	�����
������	

�������
�� ����
��
� ��!���
� ���	

�������
���"��	��
��
����������
#$���
�%&'('%�)*+
,��-
��+
��-
�
#.�*

/0112/324
5/30678
/51
5992/3
3:2
;604</3=>=3?
09
=110>53=01@
5/3067
=1
9062=A1


36=547
562
B062
C=D2C?
30
73601AC?
=1E<21/2
3:2
654=/5C
153<62
09
=110>53=01F


G23H06D7
=1
=14<736=27
3:53
562
I5724
=1
515C?3=/5C
D10HC24A2
:5>2
I221


90<14
30
62B5=1
H25DC?
2BI24424
=1
3:2=6
:073
62A=017
JK=<
LM
NOF@
PQRS8F
T1


72/3067
3:53
62C?
01
515C?3=/5C
D10HC24A2
I5727@
;532137
562
B062
962U<213C?


<724
30
;6032/3
=132CC2/3<5C
;60;263?
JV26
W5C
X
Y07/:B5@
PQQZ8F
T1
544=3=01@


3:2
<72
09
3:=7
3?;2
09
;6032/3=01
:57
I221
90<14
30
=1/62572
[6B7\
H=CC=1A1277


30
/0CC5I06532
53
5
4=7351/2
H=3:
AC0I5CC?]4=7;26724
;5631267
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VWXYZ[\]XŶ�\_̀_�a]\̀W[\b]�

Q��P���!����
���T��������

�����
������������������

�������������

� �
��
����-�-���������

���T���(����
���Q��P���!��

"��!�������!+���
�������
���


����!�������
�������������

�������������

������
���

����
���������P�Q��P���!��

������!��������
���
����������

������
���

�������
������������T���
����

����c��
��!�Q��P���!��������!�

����� �
����������
���

������
���

d��!���������

�������
���

$�
P��Q��P��Q� ���T������

���
������
���!��������

[e�feg\WXW]̀�eh�]ef\b̀f�

Q��P���!�������
��!������

�������
�
���������
��
��

������T����
����

���������Q�!�����������P�
��

������������������������

�����
������
���������������


���
�Q��P���!�������
��!������

�����������
��Q��P��P�����
�

��������
������Q���

�
��
�!���

��
���

i�������������T���
����
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�����
�����������������������!�

Xa�X�je[[egruq�qle]̀aâ�blgas�
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W�	�W�� xM�O�L~Q	�RW�LxwSWMŴ�	K~�OPQ	¡kql¢cmg	£nmggjgr	�ik¤jch*	!��,	'.*	

��,	$*	  ,	H((&(�-,	��� �677��
,���7'-,'-H-7-($�%.'-�--'HH%(H

��<��¥<�?	;A	_���¦̀P	�[RO]̂ ~̂L̂ ]�RŜ 	K~�O	RS	]S]M�ORŜ 	�wL	xWO�O	
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Publication IV 
Govind, M.; Küttim, M. (2016). International knowledge transfer from university to industry: 
A systematic literature review. Research in Economics and Business: Central and Eastern 
Europe, 8(2),  
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()	*+,-+	.*	/*),0/.	1	232.-41.5/	65.-+1.0+-	+-75-89	.:-	;+5)/5;6-2	*0.65)-,	<3	=+1)>-6,	-.	16?	
@ABBCD	8-+-	E*66*8-,	5)	*+,-+	.*	23).:-25F-	.:-	2.0,5-2	*)	(G=	<-.8--)	0)57-+25.5-2	1),	
5),02.+3?	H	232.-41.5/	65.-+1.0+-	+-75-8	812	0),-+.1I-)	.*	E1/565.1.-	1)28-+5)J	1	/6-1+63	
E*+4061.-,	K0-2.5*)	<3	>),5)J9	,-2/+5<5)J	1),	-71601.5)J	-75,-)/-	E+*4	166	;0<652:-,	2.0,5-2	
*)	.*;5/@2D	+-61.-,	.*	.:1.	K0-2.5*)	85.:5)	1	2;-/5>/	2-.	*E	<*0),1+5-2	@L+5I22*)9	ABMCD?	H	
232.-41.5/	+-75-8	52	,5N-+-).	E+*4	.:-	.+1,5.5*)16	65.-+1.0+-	+-75-8	5)	8:5/:	.:-+-	52	*O-)	)*	
1..-4;.	.*	2--I	1	J-)-+16521.5*)	*+	/04061.57-	I)*86-,J-	*E	8:1.	52	+-75-8-,9	1),	20/:	+-75-82	
1+-	/*)25,-+-,	*;;*+.0)52.5/9	2-6-/.57-9	:1;:1F1+,9	61/I5)J	1	232.-41.5/	1),	-P:102.57-	2-1+/:	
*E	166	.:-	+-6-71).	65.-+1.0+-	@Q175-29	ABBBD?	
	 R-	*<S-/.57-	*E	.:-	/0++-).	2.0,3	812	.*	-2.1<652:	8:1.	52	I)*8)	1<*0.	.:-	TU(	(G=9	
;1+.5/061+63	5)	.:-	/*).-P.	*E	0)57-+25.3U5),02.+3	65)I1J-2?	R52	*<S-/.57-	812	5)V0-)/-,	<3	.:-	
*<2-+71.5*)	.:1.	.:-+-	52	1	/*)25,-+1<6-	14*0).	*E	65.-+1.0+-	*)	.:-	5220-2	+-61.-,	.*	.:-	/+*22U
<*+,-+	.+1)2E-+	*E	I)*86-,J-9	<0.	.:-2-	2.0,5-2	1+-	2/1..-+-,	0),-+	,5N-+-).	.:-4-2	20/:	12	
(WXQ9	((Y	1),	(ZL	E*/025)J	*)	.:-	2;-/5>/	;-+2;-/.57-	*E	>+429	J*7-+)4-).	1),	:5J:-+	
-,0/1.5*)	5)2.5.0.5*)29	+-2;-/.57-63?	R-+-E*+-9	1	232.-41.5/	+-75-8	*E	.:-	65.-+1.0+-	812	,--4-,	
)-/-221+3	.*	122-22	.:-	/0++-).	I)*86-,J-	1),	/*661.-	.:-	2/1..-+-,	>),5)J2	1),	;+-2-).	.:-4	
5)	1	813	.:1.	413	;+*75,-	/*66-/.57-	5)25J:.2	1),	J05,1)/-	5)	4--.5)J	.:-	)--,2	*E	;*65/3	
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		[05,-,	<3	.:-2-	*<S-/.57-29	.:-	E*66*85)J	;+*/-,0+-	812	1;;65-,?	\5+2.9	166	+-6-71).	2.0,5-2	
;0<652:-,	*)	.:52	.*;5/	E+*4	M]̂B	.*	ABM_	8-+-	5,-).5>-,	025)J	1	71+5-.3	*E	I-38*+,2	1),	.:-5+	
/*4<5)1.5*)2	.:1.	+-61.-,	.*	TU(	(G=	1),	0)57-+25.3U5),02.+3	/*661<*+1.5*)?	R-	2-1+/:	812	
/*)>)-,	.*	.8*	,1.1<12-2̀	Y/*;02	1),	a-<	*E	Y/5-)/-9	12	.:-2-	,1.12-.2	1<2.+1/.	1),	5),-P	
;--+	+-75-8-,	:5J:UK0165.3	+-2-1+/:?	R-	I-38*+,	2-1+/:	/*7-+5)J	*E	.:-	.-+42	b0)57-+25.3	
5),02.+3c9	b5).-+)1.5*)16c9	b/*661<*+1.5*)c	1),	.:-5+	23)*)342M	;+*,0/-,	1	.*.16	*E	dAC	1+.5/6-2	
@AdM	1+.5/6-2	E+*4	Y/*;02	1),	MeA	E+*4	a-<	*E	Y/5-)/-D?	f)63	+-2-1+/:	1+.5/6-2	;0<652:-,	5)	
.:-	L)J652:	61)J01J-	8-+-	5)/60,-,	5)	.:-	2.0,3?	HO-+	,-6-.5)J	,0;65/1.-29	8-	8-+-	6-O	85.:	
ABe	1+.5/6-2?	Y0<2-K0-).639	.:-	.5.6-9	1<2.+1/.	1),	5E	)-/-221+3	.:-	8:*6-	.-P.	812	/1+-E0663	+-1,9	
1),	5)	.:-	-),	eA	1+.5/6-2	+-415)-,?	g*.:	10.:*+2	+-1,	.:-	.-P.	*E	-1/:	1+.5/6-	025)J	.:-	
E*66*85)J	/+5.-+51	E*+	,-/5,5)J	8:-.:-+	.*	5)/60,-	5.	5)	.:-	2.0,3̀	
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g3	1;;635)J	.:-2-	/+5.-+519	8-	8-+-	1<6-	.*	5,-).5E3	AA	2.0,5-2	.:1.	1,,+-22-,	(G=	<-.8--)	
0)57-+25.5-2	1),	5),02.+3?	a-	E0+.:-+	02-,	.:-	2)*8<1665)J	.-/:)5K0-	1),	6**I-,	.:+*0J:	.:-	
+-E-+-)/-2	*E	.:-	2-6-/.-,	1+.5/6-2	.*	>),	*.:-+	+-6-71).	2.0,5-2?	R52	+-),-+-,	.:-	>)16	1+.5/6-	

M	R-	E*66*85)J	I-38*+,	/*4<5)1.5*)2	8-+-	02-,	5)	.:-	65.-+1.0+-	2-1+/:̀	b5).-+)1.5*)16c	fW	b.+1)2)1.5*)16c	fW	
b/+*22	<*+,-+c	fW	b/+*22	)1.5*)16c	H�Q	bI)*86-,J-	.+1)2E-+c�	b5).-+)1.5*)16	0)57-+25.3	5),02.+3	/*661<*+1.5*)c�	
b0)57-+25.3	5),02.+3c	H�Q	b5).-+)1.5*)16	/*661<*+1.5*)c	fW	b5).-+)1.5*)16	+-61.5*)2c	fW	b5).-+)1.5*)16	65)I1J-2c	
fW	b5).-+)1.5*)16	/**;-+1.5*)c	fW	b5).-+)1.5*)16	+-2-1+/:c	fW	b5).-+)1.5*)16	.-/:)*6*J3	.+1)2E-+c	fW	
b5).-+)1.5*)16c	fW	b;+*P545.3c?
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[³̈�|W$�̀&�#X\�̀#|Ŵ$�̀&�''́&��2-5<*;-/0S-23e;/*0�:-2�1v<;�-2�/c<��t6��c1/�1*<�/c<�g19/+*;�
e23<*:0-2v�/c<�51*-</0�+g�-2/<*19/-+2;�u-/c�-23e;/*0µ�>?J?Djmn��BEAmoK�L+:=�MRK�O+=�NK�QQ=�
P�N{SPMPM=�

[³̈�|W$�̀&�#X\�̀Wq�"#XX$�̄ &�'��&��c0�3+�1913<.-9;�<2v1v<�u-/c�-23e;/*0µ��<�
<2/*<Q*<2<e*-1:�e2-5<*;-/0�123�-23-5-3e1:�.+/-51/-+2;=�¶BHjCDE�Bk�l?mnCBEB@o�ljDCJk?jK�L+:=�
MRK�O+=�MK�QQ=�MPRSMMN=

\W�Y�WX|W�$�_&�#X\�[�|q·Xr|$��&�'��&�¬<+v*1Qc-9�Q*+,-.-/0�123�e2-5<*;-/0S-23e;/*0�-2/<*19/-+26�
/c<�91;<�+g�̧<,-9+=�h?�iBHjCDE�Bk�l?mnCBEB@o�ljDCJk?jK�L+:=�UPK�O+=��K�QQ=�M�NfMUp=
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¥Q�n�KQ�¥OKļ�IOKQU�V34E�rrU�Y3E�ZU�88E�Z�qsZ\WE�
%̀̂̂v]]y"��vu!�(#�%�&�}�̂¹��!�}#��*d�#�º43f24.A20.3/�2/@�0?-�7?2/h./h�6D/70.3/A�36�jDA0124.2/�
D/.=-1A.0.-AE�kOIGlOG�§GOTlKNK�P�m�kKOIG�PU�V34E�ZpU�Y3E�WU�88E�W\\sWprE
%̀uuz%��!�«#�%�&�$%�!�»#��**±#��30.=20.3/A�2/@�f211.-1A�36�631-.h/�9:;�270.=.0.-A�./�e?./2E�
Fm¼��RlR�G�Gl�U�V34E�\rU�Y3E�rU�88E�rW\sr\pE

�����������	
��
�
�����
��
��������
��
����
���� 
!"#$%&'(
)*+$(',
*-
.*&%*,*/01
2�3 
451
6� 


71
88 
9:7;<9:5; 

=�>�?����	
@�	
AB�C	
D�
E�	
F
G������H	
E�
�
IJKKKL�
M�����N�
8���������8� 
O#P#'$&Q
R*,%&01


2�3 
ST1
6� 
U1
88 
V74<V57 

=��H��	
W�
JK�X�
YZ[����Z����
��
�\��3�8]
��
��3������
[������
������8��N�3
��̂
���<�8����3


8��_�̀��a
̂�̀�������
��
N�33�[�����\�
����\�����
8��b�N�� 
O#/%*(',
.c+d%#P1
2�3 
UT1
6� 


9;1
88 
974S<975U 

=�e��f�	
@�
JK���
g������\�
8��_�̀��a
��
������������3
������N�
���Z8� 
)*+$(',
*-
h(*i,#d/#


j'('/#"#(c1
2�3 
9V1
6� 
U1
88 
7;9<7SU 

=��>	
@�
k�
��?
E>el��	
W�
G�
JKK��
m���3�̂��
�̀[�̂ �̂̂����
��̂
���
��������
̀�N�����̀
��


Z̀3���������3
N��8������� 
)*+$(',
*-
n*$,d
o+P%(#PP1
2�3 
UU1
6� 
U1
88 
:U4<:V7 

=�p�ffH	
@�
��?
E�?���	
��
JKK��
��
q�����������3
̂�̀������
��
��̂Z���a<�N�̂�̀ �N
3���� 


r(c#$('c%*(',
)*+$(',
*-
s#&Q(*,*/0
s$'(P-#$1
2�3 
SV1
6� 
9tS1
88 
V<94 

=�p�ffH	
@�
���K�
��
�3�[�3�u�����
��
������N�
��̂
̂�\�3�8̀ ���v
w
���
���
��
N����� 
.&%#(&#


'(d
x+y,%&
x*,%&01
2�3 
941
6� 
V1
88 
S4:<S5V 



���������	
����

�

��������
�������������

���� !"#�$%#�&'(!")'!#�*%�+!,�-).//.!"'!#�$%�001%�234567849468:�;3<=>6?@6�369=<7;8�A3?�
76@4<3A>�B<>4CDE�FGHIJKLMN�OPQJRGS�PT�UNMKPRVW�XYPRPHZ�GRL�[PYKN\Z:�]<>E�̂:�_<E�̀:�BBE�à b̂
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