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Abstract 
 
 

 

 

This PhD dissertation explores firm-employed PhD students as a form of academic 

engagement with industry. A primary multiple case study of 15 firm-employed PhD 

student projects and a complementary, minor, cross-sectional study of 136 PhD 

students in engineering at a university in Sweden are used to analyze the antecedents, 

engagement processes, and consequences of this form of academic engagement. The 

findings from this major qualitative study show that institutional and organizational 

level antecedents contribute to that firm-employed PhD students primarily focus on 

activities related to academic work at the university, although they are employed at 

firms during their research education. Furthermore, individuals are primarily 

motivated by intrinsic rewards to become firm-employed PhD students, and may 

enter into this form of academic engagement with industry through three different 

scenarios. During their research education, these firm-employed PhD students act as 

firms’ boundary spanners through direct and indirect pathways to innovation and 

contribute to firm-related consequences by primarily developing the early stages of 

the firms’ absorptive capacity. With regard to research-related consequences, the 

descriptive results from the cross-sectional study indicate that firm-employed PhD 

students achieve research excellence during their education. This PhD dissertation 

concludes by proposing a revised conceptual framework of the antecedents, 

engagement processes, and consequences of firm-employed PhD students within the 

field of engineering in Sweden.  

Keywords: Academic engagement with industry, university-industry interactions, 

collaborative research, boundary spanner, absorptive capacity, capabilities, graduate 

students, PhD students, firm-employed PhD students, dual-affiliated PhD students, 

industrial PhD students, engineering. 
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Sammanfattning på svenska 
 
 

 

 

Den här avhandlingen, i monografiformat, belyser en specifik form av 

forskningssamverkan mellan universitet och företag genom att studera 

företagsdoktorander (även kallat industridoktorander) och deras projekt, vilket bidrar 

till vår förståelse kring universitetets roll i samhället. Avhandlingens resultat är i 

huvudsak baserat på kvalitativa studier som omfattar 15 fall av företagsdoktorander 

och deras projekt inom ingenjörsvetenskap på ett svenskt universitet. Utöver detta 

har även en mindre kvantitativ studie genomförts, för att undersöka publikationer 

från 136 doktorander från samma avdelning och universitet som 

företagsdoktoranderna i den kvalitativa studien. Studierna har använts för att 

analysera faktorer som påverkar inträdet i, utförandet under, och konsekvenserna av 

denna specifika form av forskningssamverkan. Resultaten visar att individer primärt 

är motiverad av interna faktorer, som exempelvis möjlighet till personlig utveckling, 

snarare än externa statusfaktorer då de väljer att bli företagsdoktorander, och den 

empiriska analysen visar att inträdet kan ske genom tre olika scenarier. I denna form 

av forskningssamverkan så fokuserar företagsdoktoranden främst på aktiviteter som 

är relaterade till deras forskarutbildning, trots att de är anställda av företag under 

denna tid, och den mindre kvantitativa studien indikerar att företagsdoktorander 

publicerar vetenskapliga dokument under sin utbildning. Företagsdoktoranden 

agerar som en gränsöverskridande individ mellan universitet och företag, som bidrar 

till att utveckla de tidiga stadierna av företagets innovationsförmåga. Avslutningsvis 

i avhandlingen så föreslås ett reviderat ramverk över faktorerna som påverkar 

inträdet i, utförandet under, och konsekvenserna av företagsdoktorander och deras 

projekt inom ingenjörsvetenskap i Sverige.  
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1 Introduction 

 

In the last few decades, there has been debate on how and why universities should 

take on a new and changing role and, especially, how these organizations should 

contribute to society more directly (e.g., see Gibbon et al., 1994; Etzkowitz 2004). 

From a historical standpoint, the main role of universities has been to develop new 

knowledge through research and to educate students through teaching. In recent 

decades, emphasis has been placed on how new knowledge developed by universities 

can be spread and shared with society and, not least, with industry, in order to 

increase societal benefits and economic development (Etzkowitz 2004; Salter & 

Martin 2001; Bercovitz & Feldman 2006; Bellucci et al., 2016; Klofsten et al. 2019; 

Gulbrandsen & Høiland 2021). Much of the literature on university-industry 

interactions was initially centered on the commercialization of academic knowledge, 

such as academic entrepreneurship, thereby focusing on how universities handle 

patents and license agreements, and foster entrepreneurial behaviors among scientists 

to form academic start-ups (Siegel et al. 2007; Bozeman et al. 2013; Grimaldi et al. 

2011; O’Shea et al. 2005; O’Shea et al. 2008; Phan and Siegel 2006; Rothaermel et 

al. 2007).  

 

A different perspective that puts less emphasis on market property rights and more 

on the development of knowledge and informal technology transfer has expanded 

rapidly. This stream of literature has focused on when and how academic scientists 

interact with society, and industry in particular, thereby illustrating a different 

scenario with broader types of effects and impacts. This literature emphasizes 

knowledge collaboration and relationships between universities and industry, rather 

than purely focusing on the commercialization of scientific knowledge resulting from 

such interactions. In this dissertation, I focus on this body of literature, which is 

referred to as academic engagement with industry (Perkmann et al. 2013, 2021). 
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According to two major literature reviews (Perkmann et al. 2013, 2021), academic 

engagement with industry is a much more common approach to how scientists 

interact with and contribute to society (Perkmann et al. 2013) and is anticipated to 

have greater economic significance for universities and firms (Cohen et al. 2002; 

Perkmann et al. 2011; Hughes & Kitson 2012; Hughes et al. 2016), in comparison 

with academic entrepreneurship.  

 

Academic engagement with industry is defined as academics’ knowledge-based 

interactions with external organizations (Perkmann et al. 2013, 2019). Within this 

rapidly expanding perspective, academic engagement with industry still presents 

several areas requiring further research, particularly with regard to 1) context-

specific antecedents; 2) how engagement processes between universities and 

industry are planned and executed; 3) what consequences such interaction might 

have for universities; and 4) what consequences it may have for many types of 

external organizations. I position my PhD dissertation relative to this stream of 

literature, as it is necessary to further develop the analysis in this literature through 

empirical insights and theoretical explanations. To do so, I conduct a qualitative 

study and a minor quantitative study; I also develop a conceptual framework that is 

relevant for my empirical study by bringing in additional literature and concepts 

related to boundary spanning and firms’ capability for innovation.  

 

1.1 Purpose and research questions 
The purpose of this PhD dissertation is to explore firm-employed PhD students as a 

form of academic engagement with industry. In this section, I provide a brief 

overview of how my research relates to academic engagement with industry; I also 

explain why I study the case of firm-employed graduate students as a specific form 

of engagement. Later, in Chapter 2, I explain in more detail how this PhD dissertation 

is positioned relative to the existing literature. 
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As a concept, academic engagement focuses on why, when, and how knowledge 

collaboration and relationships are developed between individual researchers and 

external organizations. Furthermore, the literature specifically distinguishes between 

the antecedents, processes, and consequences of academic engagement. A wide 

variety of forms of this type of university-industry interaction has been identified and 

studied, ranging from collaborative research and consulting to ad hoc advice (Abreu 

et al. 2009; Bonaccorsi and Piccaluga, 1994; D’Este & Patel 2007; Meyer-Krahmer 

and Schmoch, 1998; Perkmann & Walsh 2008). Moreover, according to two 

extensive reviews by Perkmann et al. (2013, 2019), the extant research shows that 

university-based scientists that engage with industry most commonly hold senior 

positions, are male, have high research productivity, and have previous experience 

with commercialization or non-academic work.  

 

Yet, these findings raise an interesting perspective. On the one hand, the literature 

has found that, as individual scientists, well-established researchers and professors 

engage with industry more often. On the other hand, well-established researchers—

especially those with large research grants—tend to have research groups that 

include both individuals with PhD degrees, such as lecturers and post-doctoral 

scholars, and individuals pursuing a PhD degree—that is, PhD students. Thus, a 

greater number of people are performing research and interacting with firms in 

various ways; however, from the current literature, we know little about why and 

how PhD students contribute to academic engagement. Studying such students 

further is interesting for a variety of reasons. For one thing, general literature on 

university-industry interactions has long pointed out in various ways that graduate 

students—including Master’s students and PhD students—are likely to be important 

individuals linking firms with universities and thereby developing the relationships 

between these two types of organization (Faulkner and Senker 1995; Mangematin 

2000; Perkamnn et al. 2019; Rappert et al. 1999; OECD 2007; Gulbrandsen and 

Larsen 2000; Santoro and Gopalakrishnan 2000; Lam 2011; Thune 2009; Thune & 
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Børing 2014; McKelvey et al. 2015). Thus, although graduate students have been 

generally identified as an important element of university-firm interactions, the 

academic engagement literature has not yet explored in detail why, when, and how 

graduate students contribute to knowledge networks and knowledge collaborations. 

For this reason, I have chosen to specifically study PhD students’ involvement in 

academic engagement, although I recognize that they are part of larger research 

environments. In doing so, I analyze PhD students who are working on projects 

together with firms. Thus, I do not study all types of academic engagement. Rather, 

I restrict my analysis to collaborative research between a university and a firm, by 

studying PhD students-firm interactions within engineering in Sweden. In this way, 

I study a single form of academic engagement, which lasts as long as the student 

undertakes her or his PhD education. This focus is interesting in that it fills a gap in 

the literature: Few extant studies focus on the engagement processes that occur 

during collaborations, which conceptually link antecedents to consequences 

(Perkmann et al. 2021), as I do with my proposed conceptual framework. 

 

I have chosen to focus on a specific type of PhD student—namely, students who 

work directly with firms for their PhD project. Many different names, types, and 

forms of collaboration with firms exist. In the Swedish context, I have chosen those 

called “firm-employed PhD students” (industridoktorander, företagsdoktorander), 

who are PhD students employed by firms. For this research project, I define firm-

employed PhD students as individuals who are employed at a firm (and receive a 

salary from the firm) while pursuing PhD studies within their employment (Statistics 

Sweden 2021). Thus, the individuals studied here are employed and partly financed 

by firms while they go through a 4-year PhD program hosted at a university. In 

Sweden, the number of firm-employed PhD students has increased dramatically from 

2004 (less than 10 individuals) to today (almost 1000 individuals) (UKÄ 2021b); in 

2020, 5% of all active PhD students in Sweden were firm-employed (Statistics 

Sweden & UKÄ 2021). Firm-employed PhD students are present in many research 
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areas in Sweden, but are most commonly found in engineering and technology, 

where 13% of all PhD students are employed in firms (Statistics Sweden & UKÄ 

2021). In this thesis, I investigate students in electrical engineering, including the 

sub-areas of signal processing and systems, biomedical engineering, electrical power 

engineering, and communication systems.  

 

The limited existing literature—as well as discussions with peers in the scientific 

community in our field—suggests that collaboration between firms and universities 

during graduate education can be organized in many different ways. In regard to PhD 

student-firm interaction, the literature identifies significant heterogeneity in terms of 

collaboration characteristics, as well as differences between nations with regard to 

how student-firm interaction is conducted (Borrell-Damian et al. 2010; Thune 2009). 

Successful approaches seem to incorporate local or regional cultural specificities, 

building trust through professional standards of research collaboration and 

developing the “soft” part of the relationship (Borrell-Damian et al. 2010). In the 

academic engagement literature, antecedents related to the institutional, 

organizational, and individual level are expected to affect knowledge collaborations 

and the related outcomes. First, I focus on two of these antecedents when exploring 

the diversity in student-firm interaction in the field of engineering in Sweden. Thus, 

I recognize that the institutional and organizational contexts are likely to influence 

the training, courses, PhD thesis, and projects involved in this specific form of 

academic engagement. For this reason, my research begins by investigating the 

following research question: 

RQ1 

Within the Swedish context of engineering, how can the research education and 

activities of firm-employed PhD students be defined and described? 

 

This research question will be analyzed in Chapter 4, which carefully defines and 

describes firm-employed PhD students within engineering in Sweden, and especially 
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discusses how the institutional and organizational levels affect the specificities of 

academic engagement for this type of student.  

 

To go beyond the existing literature, I have divided the processes of academic 

engagement with industry into two separate phases: the formation phase and the 

execution phase. I make this distinction because the literature addressing university-

industry interaction in general (Ankrah & Al-Tabbaa 2015) and PhD student-firm 

interaction in particular (Thune 2009) has called for further investigation into the 

initiation of such interaction, in addition to how such interaction is executed. In my 

research, the formation phase covers the time period leading up to knowledge-related 

collaboration—that is, the time before the PhD student actually start his or her PhD 

education—and the execution phase covers the duration of the collaboration itself, 

during which the PhD student actively pursues her or his doctoral degree. During the 

formation phase, individual antecedents such as prior motivations and previous 

experience are likely to have influenced how firm-employed PhD students obtained 

their position (Perkmann et al. 2013, 2021). More precisely, my research 

incorporates different types of extrinsic and intrinsic prior motivation (Lam 2011; 

Stephan 1996; Grant 2008; Iorio et al. 2017) and previous experience with regard to 

individuals’ education, engagement, and careers outside of academia (Tartari et al. 

2012; Lawson et al. 2016; Lawson et al. 2019) into the process of becoming a firm-

employed PhD student. Thus, to explore the initiation of this particular form of 

academic engagement, I set out to answer a second research question: 

  

RQ2 

Why and how do individuals become firm-employed PhD students? 

 

This research question will be accounted for in Chapter 5, which addresses the 

formation phase. In Chapter 5, I focus on the individual-level antecedents of firm-
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employed PhD students by exploring their motivations, educational background, and 

career background before they started their research education.  

 

Firm-employed PhD students must combine the somewhat conflicting logics of 

commercialization and science (Sauermann & Stephan 2013) as they undergo their 

PhD education as firm employees. I expect this to hold implications for the execution 

phase and for whatever potential consequences this form of academic engagement 

might render. Thus far, the academic engagement literature has mainly been 

concerned with the consequences related to research and commercialization for the 

university side—for example, for individual researchers at universities and public 

research institutes. More specifically, scientific consequences are defined as research 

productivity, quality, and direction, and educational outcomes, while commercial 

consequences are defined as patenting and start-up activities (Perkmann et al. 2019). 

The impacts of university-industry collaboration on industry and firms have been 

given far less attention than the impacts on universities (Perkmann et al. 2013, 2019). 

Therefore, in this dissertation, I am particularly interested in exploring the 

consequences for firms and in understanding the critical elements of the execution 

phase for this specific form of academic engagement.  

 

However, before moving further into this direction, I will first address a key issue 

that has been raised many times, especially by academic peers abroad. This issue 

addresses whether and how these PhD students actually perform their own research 

at all, as compared with focusing only on direct inventions and technical 

development for the firm. Thus, although I did not intend to include “consequences 

for research” in my research from the very beginning, I recognized the need to 

provide initial insights, at least, on whether and how firm-employed PhD students 

publish scientific documents. Therefore, I added a minor study to my PhD 

dissertation in order to address a third research question: 
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RQ3 

How similar are firm-employed and university-employed PhD students in terms of 

the volume and type of their publications during their research education? 

 

This research question will be analyzed in Chapter 6, which presents the methods for 

this minor study and the empirical results. More precisely, Chapter 6 provides 

descriptive insights into the research consequences of this form of academic 

engagement by comparing the scientific outcomes of firm-employed PhD students 

with those of university-employed PhD students.  

 

I now move on to the main priority of this research in regard to consequences: 

namely, how this form of knowledge collaboration is executed and how it contributes 

to firm innovation. During the execution phase, firm-employed PhD students can 

initially be seen as behaving as boundary spanners and may contribute to firms 

through direct and indirect pathways to innovation (McKelvey & Ljungberg 2017). 

I define boundary spanners as individuals that act as a link between a unit and its 

environment (Leifer & Delbecq 1978; Cross & Prusak 2002) and that have multiple 

functions (Haas 2015). With regard to the direct and indirect pathways to innovation, 

the former anticipates outcomes that can be directly transferred to market, while the 

latter relates to more indirect impacts that may be important in the long run for the 

development of new products, processes, and services in a firm (McKelvey & 

Ljungberg 2017). My expectation is that these direct and indirect innovation 

outcomes that are developed during the execution phase contribute to firms’ 

innovation capability in specific ways. Hence, my fourth question concerns the 

impact of academic engagement on firms: 

 

RQ4 

 How do firm-employed PhD students contribute to firms’ capability for innovation 

during their education? 
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This research question is explored in Chapter 7, which provides an individual-level 

analysis of the execution phase and of the firm-related contributions of firm-

employed PhD students during their education. This is done by exploring how the 

students’ boundary-spanning behavior creates outcomes related to direct and indirect 

innovation pathways, and how this contributes to firms’ capability for innovation. 

Here, I operationalize firms’ capability for innovation as three dimensions of firms’ 

absorptive capacity (Cohen & Levinthal 1990; Todorova & Durisin 2007; Zarha & 

George 2002): namely, the ability to 1) recognize the value of new external 

knowledge (Cohen & Levinthal 1990; Todorova & Durisin 2007); 2) assimilate new 

external knowledge (Cohen & Levintahl 1990); and 3) exploit this knowledge for 

commercial ends (Cohen & Levinthal 1990; Todorova & Durisin 2007).  

 

In addition to the already-introduced theoretical concepts, I utilize the concept of 

cognitive distance (Nooteboom 2000; Nooteboom et al. 2007; Boschma 2005) to 

further discuss and explain why these firm-employed PhD students can act as 

boundary spanners through direct and indirect pathways to innovation and contribute 

to the firms’ capability for innovation. At the individual level, cognitive distance is 

defined as differences in individuals’ cognitive functions; more precisely, cognitive 

distance is the difference in domain (observed phenomena), range (categorization of 

the observed phenomena), or mapping between these various cognitive functions 

(Nooteboom 2000). In the professional context of knowledge-related collaboration 

between universities and firms, I interpret cognitive distance as being either reduced 

or bridged, where the former is achieved when the individuals involved in 

collaboration have a similar work history and educational background (Cummings 

2004; Broström & McKelvey 2018), while the latter entails developing 

communicative capabilities between the involved individuals (Nooteboom 2000).  

 

I am thus interested in exploring the antecedents, engagement processes, and 

consequences of firm-employed PhD students. I do so by investigating the four 
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research questions presented above. The antecedents of this specific form of 

academic engagement are mainly explored at the level of the individual PhD 

students; the antecedents at the institutional and organizational levels are also 

addressed, albeit not as extensively. With regard to engagement processes, I 

investigate how firm-employed PhD students’ projects are initiated and executed by 

exploring two subsequent phases of this specific form of academic engagement—the 

formation phrase and the execution phase. Furthermore, in terms of consequences 

related to firm-employed PhD students, I primarily explore consequences related to 

firms’ capability for innovation; I also conduct a minor descriptive investigation into 

research-related consequences.  

 

Finally, in order to answer the research questions designed to explore academic 

engagement with industry through firm-employed PhD students, this PhD 

dissertation is primarily explorative, utilizing qualitative research. A qualitative 

approach is adopted for the greater part of this study; interviews are collected as 

primary data and analyzed relative to my conceptual framework, as outlined in 

Chapter 2. In total, 41 interviews and seven pilot interviews were conducted with 15 

firm-employed PhD students, nine academic supervisors, seven industrial 

supervisors, and two firm managers responsible for firm-level programs for firm-

employed PhD students. In addition, a minor study with descriptive bibliometrics 

analyses was performed to provide an overview of PhD students’ scientific 

production and journal reputation. The study investigated a total of 136 PhD students 

who had previously pursued PhD education within electrical engineering at the same 

university and department as the firm-employed PhD students included in the 

qualitative study. Thus, this research comprises a multiple case study of firm-

employed PhD students and a complementary, minor cross-sectional study of PhD 

students within engineering at a single university in Sweden. 
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1.2 My research activities in relation to this PhD dissertation 
My PhD thesis is written as a full book manuscript on a single topic. The next section 

and later chapters explain in detail how I have reasoned, collected, and analyzed the 

data and reached my theoretical contributions for each research question. This 

dissertation is part of the PhD education within “Innovation, Entrepreneurship and 

Management of Intellectual Assets” at the University of Gothenburg. Therefore, I 

have presented and defended my dissertation manuscript three times as a formal part 

of my PhD education. At the Department of Economy and Society at the University 

of Gothenburg, dissertation manuscripts are defended at the Planning Report and 

Seminar (after 1 year); at the Midway Report and Seminar (halfway through the PhD 

education); and at the Pre-defense Evaluation Manuscript and Seminar (about 6–8 

working months before the defense). These seminars are integral and expected within 

this department’s PhD education, and have appointed discussants. 

 

The research reported in this PhD dissertation has been done independently. This 

PhD dissertation can thus be considered the author's original manuscript, according 

to the current standards of open access. In addition, I have been active in the 

international scientific community in our field, which has provided valuable learning 

experiences I have used to further develop and sharpen my PhD thesis as a whole. 

Parts of the empirical material, especially those found in Chapters 4–7, have been 

used, analyzed, and presented to the scientific community. Thus, in addition to being 

present in this thesis, these chapters also form the basis of much shorter, co-authored 

conference papers and submitted articles examining a more limited number of 

theories and concepts. Three of the earliest presentations and conference proceedings 

at international conferences were individually authored by me, based on the initial 

research design proposals and pilot studies. Five of the international conference 

papers, book chapters, and article manuscripts were co-authored with my supervisor. 

One workshop presentation was co-authored with two additional scholars within our 

research group, in order to address co-authorship within engineering as related to 
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medical innovation. One book was co-authored with numerous people within our 

research group, in order to synthesize a large number of results from ongoing 

research projects addressing engineering and innovation in Sweden. These 

presentations and publications are displayed in Table 1.1.  
 

Table 1.1 Publications, proceeding papers, and conference participation. 

Year Type Author(s) Title References 
2022 Article  K. Berg, 

M. McKelvey  
 

Researching together in academic engagement in 
engineering: A study of dual-affiliated graduate 
students in Sweden. (Under review at an international 
scientific journal.) 
 

Berg & 

McKelvey 

2022a 

2022 Conference 
paper 

K. Berg, 
M. McKelvey 
 

How individual antecedents influence graduate 
students’ mode of entry into collaborative PhD projects 
in electrical engineering. (DRUID 2022 Conference 
Proceedings)  
 

Berg & 

McKelvey 

2022b 

2021 Book M. McKelvey,  
K. Berg,  
E. Bourelos,  
L. Brunnström,  
E. Gifford,  
D. Hemberg,  
I. Hermansson,  
S. Lindmark.,  
D. Ljungberg,  
R. Saemundsson, 
V. Ström,  
O. Zaring  
 

Forskningssamverkan och kommersialisering. 
Samhällets långsiktiga försörjning av 
ingenjörsvetenskaplig kunskap.  

McKelvey 
et al. 2021 

2021 Conference 
paper 

K. Berg,  
M. McKelvey 

Graduate students as boundary spanners: How 
academic engagement can influence firm innovation. 
(Eu-SPRI 2021 Webpage) 
 

Berg & 
McKelvey 
2021 

2020 Book 
chapter 

K. Berg, 
M. McKelvey 

Exploring industrial PhD students and perceptions of 
their impact on firm innovation. (In Bernhard, I. 
Gråsjö, U. & Karlsson, C. (eds.), Diversity, Innovation 
and Clusters. Spatial Perspectives) 
 

Berg & 
McKelvey 
2020a 

2020 Paper in 
proceedings 

K. Berg, 
M. McKelvey 

Graduate students as boundary spanners: How 
academic engagement can influence firm innovation. 
(Academy of Management. Annual Meeting 
Proceedings. Vol. 2020:1) 
 

Berg & 
McKelvey 
2020b 

2019 Conference 
paper 

K. Berg,  
D. Ljungberg,  
M. McKelvey,  
V. Ström 

Academic engagement seen through university-industry 
co-authorship: Who are these industry collaborators? 
(WOMI: Workshop on Medical Innovation, Pisa) 
 
 

Berg et al. 
2019 

2019 Paper in 
proceedings 

K. Berg, 
M. McKelvey 

How academic engagement through graduate students 
can affect firms’ search capability for innovation: A 
micro-level analysis of firm-employed PhD students in 
engineering. (DRUID 2019 Conference Proceedings) 
 

Berg & 
McKelvey 
2019 



 
  

33 

2018 Papers in 
proceedings 

K. Berg Industrial PhD students—a means for developing 
capability for innovation? (DRUID Academy webpage) 
 

Berg 2018a 

2018 Papers in 
proceedings 

K. Berg How academic engagement can influence firm 
innovation: The perspective of industrial PhD students 
in engineering. (21st Uddevalla Symposium 2018.*) 
 

Berg 
2018b 

2015 Paper PhD 
workshop 

K. Berg Improving innovation capability within the firm: A 
mixed-method case study. (15th CiNet PhD Workshop 
and Conference) 

Berg 2015 

*Winner of “Best PhD Candidate Paper” 

 

Hence, these activities and publications represent in Table 1.1 above focus on 

specific topics and on further development of my research agenda. In cases of co-

authorship, both authors have been active in especially framing theoretically, 

analyzing and writing up the results into publications. Both authors have also 

presented these research results at conferences. I have also participated in seminars 

and workshops involving representatives from firms and public policy. Popular 

science debates were organized at these events multiple times each year by my 

research group and the U-GOT KIES Center during my PhD education. 

 

1.3 Structure of my PhD dissertation 
The previous subsection introduced the research covered in this PhD dissertation, 

and the remaining chapters are introduced below. Chapter 2 starts out with a 

presentation of the relevant literature in relation to the purpose of this PhD 

dissertation. This is done with the aim of developing an overarching conceptual 

framework of the antecedents of, engagement processes in, and consequences for 

firms’ capability for innovation from academic engagement with industry through 

firm-employed PhD students. The theoretical argumentation primarily builds on the 

literature on academic engagement with industry, which is extended by introducing 

concepts from innovation management with regard to boundary spanners and firms’ 

capability to innovate. More specifically, Chapter 2 presents the main theoretical 

concepts used to develop the overarching conceptual framework, while a more 

detailed discussion of the most relevant literature for Research Questions 1, 2, and 4 
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are provided in Chapters 4, 5, and 7. Further theoretical discussion in relation to 

Research Question 3 in Chapter 6 is not necessary, as Chapter 6 addresses the minor 

study described earlier and only provides descriptive findings in relation to the theory 

already presented in Chapter 2. Thus, Chapter 2 presents the broad overarching 

conceptual framework for this PhD dissertation, and as such serves as an initial 

starting point for the subsequent empirical analysis.  

 

Chapter 3 describes the research strategy and empirical setting for the research 

conducted in this PhD dissertation. As mentioned earlier, this research primarily 

comprises a qualitative multiple case study, which is accompanied by a minor 

quantitative cross-sectional study that provides descriptive bibliometrics results. 

Chapter 3 accounts for details of data collection and analysis for the main qualitative 

study, while the methodological details for the minor quantitative study are presented 

in Chapter 6. Chapter 3 ends with a discussion of the limitations and quality criteria 

of the main qualitative study, through which the primary part of this research was 

conducted.  

 

Chapter 4 starts out by discussing the literature that is useful in relation to Research 

Question 1, and then uses primary data (interviews) and secondary data (reports and 

webpages) to explore how to define and describe the research education and activities 

of firm-employed PhD students in the Swedish context of engineering. This chapter 

answers Research Question 1 by defining and describing firm-employed PhD 

students in the Swedish context of engineering and categorizing the activities 

included in their research education. The results demonstrate that these individuals 

prioritize their university-related activities over their firm-related activities. 

Furthermore, I have found variation at the organizational level with regard to how 

firm-employed PhD students are facilitated—primarily at the employing firm, rather 

than at The University. 
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Chapter 5 first introduces the relevant literature for Research Question 2, and then 

presents the perspectives of 15 firm-employed students on why and how they became 

firm-employed PhD students. Thus, Research Question 2 is addressed by exploring 

the individual-level antecedents and formation of the firm-employed PhD students’ 

projects. Finally, the empirical findings are analyzed and discussed in relation to the 

theory in order to draw conclusions on individual motivations and different scenarios 

for becoming a firm-employed PhD student. 

 

Chapter 6 first introduces the methodological details related to the data collection, 

data analysis, and limitations of the minor quantitative study. The empirical analysis 

provides descriptive results for Research Question 3, which serve as initial insights 

into how similar firm-employed and university-employed PhD students are with 

regard to the volume and type of their publications during their education. The results 

point to that there are similarities and differences between the two types of PhD 

students, specifically in regard to scientific production and journal reputation. 

Finally, the empirical findings are contrasted to the theory presented in Chapter 2 on 

these matters, in order to draw conclusions on whether and how firm-employed PhD 

students contribute to research-related consequences during their education. 

 

Chapter 7 presents the literature that is relevant to Research Question 4. Then, 

interview data from industrial supervisors, firm managers, and firm-employed PhD 

students is presented and analyzed to explore how firm-employed PhD students 

contribute to firms’ capability for innovation during the students’ education. The 

empirical analysis shows that these students primarily contribute to the firm’s 

indirect pathway to innovation and act as boundary spanners that contribute to the 

early stages of firms’ absorptive capacity—namely, by developing, recognizing, and 

assimilating new external knowledge into the firm. Thus, firm-employed PhD 

students do not contribute to the firm’s innovation per se, although they can be useful 

in signaling legitimacy to firms’ customers.  
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The concluding Chapter 8 addresses the purpose of this PhD dissertation by first 

presenting the key findings in relation to the four research questions introduced in 

Chapter 1 and then using these key findings to propose a revised framework of 

academic engagement with industry through firm-employed PhD students within 

engineering in Sweden. This framework of academic engagement with industry 

specifies the antecedents at the institutional, organizational, and individual level, the 

engagement processes in the formation and execution of firm-employed PhD 

projects, and the consequences for research, commercialization, and firms’ capability 

for innovation that these individuals contribute to. Furthermore, implications for 

future research and implications for policy makers and practitioners are presented.  

 

As a summary of the subsequent chapters, Table 1.2 provides an overview of each 

chapter.  
Table 1.2 Overview of the chapters 

Chapter Research 

question  

Methodology Level of analysis 

2   Literature review Initial conceptual framework 

3  Research design Qualitative (primary) study 

4 No.1  Multiple case study  Institutional and organizational level, within 

engineering in Sweden 

5 No. 2 Multiple case study Individual level: Firm-employed PhD students 

6 No. 3  Cross-sectional study Individual level: Comparison of firm-employed and 

university-employed PhD students 

7 No. 4  Multiple case study Individual level: Firm-employed PhD students 

8 Purpose  Summary and 

conclusions 

Conceptual framework for academic engagement 

through firm-employed PhD students 

a) Antecedents: Institutional, organizational, 

and individual levels 

b) Engagement processes and consequences: 

Individual level 
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2  Academic engagement and firm innovation 

2.1 Introduction 
This chapter introduces the theoretical expectations connected to my research, where 

the purpose is:  

 

To explore firm-employed PhD students as a form of academic engagement with 

industry. 

 

In this PhD dissertation, my theoretical argumentation primarily builds upon the 

literature referred to as “academic engagement with industry,” while also utilizing 

concepts from the innovation management literature. The latter is specifically used 

to extend the academic engagement framework developed by Perkmann et al. (2013, 

2021) for exploring engagement processes during a collaboration, and for 

introducing an additional type of consequence that incorporates outcomes for firms. 

This chapter outlines the key concepts and definitions, while a more detailed account 

is given for each of the key theoretical elements in Chapters 4, 5, and 7. Chapter 6 

explains my methodology and provides descriptive results on the research-related 

consequences in terms of scientific publication for different types of PhD students. 

 

This chapter is structured as follows. Section 2.2 introduces and defines the concept 

of academic engagement with industry. The literature on this topic primarily focuses 

on the antecedents and consequences of academic engagement, which will be further 

explored in separate sections. Section 2.3 presents three categories of antecedents: 

those in the institutional context, the relational and organizational context, and 

individual antecedents. Section 2.4 focuses on the consequences of academic 

engagement, which include outcomes related to research, commercialization, and the 

firm’s capability for innovation, where the latter has been added to the original 

academic engagement framework (Perkmann et al. 2021) to support the purpose of 
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this PhD dissertation. Section 2.5 discusses the engagement processes of academic 

engagement and adds to the original framework (Perkmann et al. 2021) by 

distinguishing between two phases of academic engagement: a formation phase and 

an execution phase. This distinction sheds light on why and how individuals enter 

into academic engagement (formation phase) and how individuals can create 

outcomes during a knowledge-related collaboration (execution phase). Finally, 

Section 2.6 concludes with my initial conceptual framework, which will guide the 

forthcoming data collection, empirical analysis, and theoretical interpretation. 

 

2.2 Academic engagement with industry  
The academic engagement literature differentiates between explicitly knowledge-

related interactions between academic scientists and external organizations, and 

commercialization through academic start-ups and patents (Perkmann et al. 2013, 

2019). Although this distinction is clear, academic engagement and academic 

entrepreneurship are complementary activities and should not be treated as mutually 

exclusive. Academic engagement with industry has a number of antecedents, which 

can be categorized into individual antecedents, organizational and relational 

contexts, and institutional contexts. These antecedents influence the engagement 

processes of academic engagement, resulting in a variety of consequences. Figure 

2.1 displays the original framework of academic engagement with industry by 

Perkmann et al. (2021).  
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Figure 2.1 Original framework of academic engagement with industry by Perkmann et al. (2021). 

 
Academic engagement entails a wide range of activities that are both formally and 

informally defined, such as collaborative research, contract research, consulting, ad 

hoc advice, networking with practitioners, and other forms of knowledge exchange. 

Individual researchers are motivated to participate in external collaborations for 

different reasons, which reflect the kind of collaboration they intend to pursue 

(Perkmann & Walsh 2008; Ankrah & AL-Tabbaa 2015; Stephan 1996; Lam 2011). 

In the literature on university-industry interactions (Faulkner & Senker 1995; 

Mangematin 2000; Perkmann et al. 2019; Rappert et al. 1999, OECD 2007; 

Gulbrandsen & Larsen 2000; Santoro & Gopalakrishnan 2000; Lam 2011) and 

university-firm interactions (McKelvey et al. 2015; Thune 2009; Thune & Børing 

2014), graduate students are frequently pointed out as important part of these 

relationships. More precisely, graduate students in university-industry relations have 

been identified as being important for the production of knowledge and the transfer 

of knowledge, and as playing a vital role in the formation and maintenance of 

networks between universities and firms (Thune 2009). Nevertheless, the literature 

on graduate students in relation to academic engagement with industry is fragmented, 

and Perkmann et al. (2021) specifically identifies early-stage-career academic 
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engagement as a potentially fruitful strand of future research, as the motivations of 

such scientists to publish would be higher than their motivations to enter into 

academic engagement at this stage. Here, it is necessary to acknowledge that the term 

“graduate students,” as well as the term “PhD students,” covers a variety of students 

undergoing education at universities in different constellations, which may or may 

not include collaboration with external organizations. The present research focuses 

on a specific type of early-stage-career academic engagement: namely, PhD students 

in engineering who are employed by firms and pursue their PhD education within 

their employment. The next sections situate this form of academic engagement in 

relation to the existing literature.  

 

Concerning the context in which collaborative PhD projects occur, the present 

research is similar to much of the existing research in that it studies PhD student-firm 

collaboration within the field of engineering. The majority of studies in this field 

have focused on PhD student collaboration in engineering, science, and life science 

(Thune 2009), perhaps because these academic fields have the highest degree of 

interaction with industry (Rappert at al., 1999). Particularly for engineering sciences, 

it can be seen as “user-inspired basic research” (Stokes 1997), meaning that such 

research must combine usefulness with fundamental understanding. Engineering in 

the Swedish context is of special interest in the present research, while other previous 

research has mostly focused on North America or other European countries. 

Research in the Swedish context has been used to investigate areas such as 

experiences of industry PhDs (Wallgren & Dahlgren 2005; Bröchner & Anil Sezer 

2020), the learning processes of industrial PhDs (Wallgren & Dahlgren 2007), 

cooperation between academic and industrial supervisors (Salminen-Karlsson & 

Wallgren 2008), academic entrepreneurship (Bienkowska & Klofsten 2012), how to 

plan and organize industrial PhD projects (Khilander et al. 2011; Sundström et al. 

2016), and the regional impacts (Gustavsson et al. 2016) and perceived industry 

benefits (Assbring & Nuur 2017) of collaborative PhD projects. 
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Similar to Perkmann et al.’s (2021) call for more research on the engagement 

processes of academic engagement, Thune (2009) calls for further investigation of 

the involvement of PhD students in the initiation, coordination, knowledge creation, 

and knowledge exchange of collaborative university-industry projects. Thus, this 

thesis aims to provide insights into these matters by investigating the role of firm-

employed PhD students in initiating and carrying out academic engagement with 

industry, as well as how they create and exchange new knowledge during their PhD 

education. The existing literature provides some evidence on this topic, regarding the 

characteristics of PhD student-firm collaboration (Gemme & Gringas 2004; 

Wallgren & Dahlgren 2005;2007; Butcher & Jeffrey 2007; Slaughter et al. 2002; 

Salminen-Karlsson & Wallgren 2008; Borrell-Damian et al. 2010; Salimi et al. 

2015), study experience (Gluck et al. 1987; Behrens & Gray 2001; Harman 2002; 

Gemme & Gringas 2004), and study outcomes in terms of scholarly productivity 

(Behrens & Gray 2001; Gluck et al. 1987; Salimi et al. 2015; Larivière 2012), 

commercial productivity (Gluck et al. 1987; Gemme & Gringas 2004; Gulbrandsen 

& Smeby 2005; Salimi et al. 2015), and perceived academic freedom (Gluck et al. 

1987; Behrens & Gray 2001; Powles 1993; Slaughter et al. 2002). In this literature, 

PhD student-firm collaboration is identified as a heterogeneous phenomenon with 

regard to collaboration characteristics (Borrell-Damian et al. 2010; Thune 2009), and 

previous findings related to study outcomes and perceived academic freedom show 

mixed results. Due to the state of the existing literature on PhD student-firm 

collaboration, further inquiries into these matters are warranted.  

 

In regard to post-graduation outcomes, the extant literature has investigated PhD 

labor market trajectories in general (Ehrenberg 1992; Nerad & Cerny 1999; Kivinen 

et al. 1999) and collaborative PhD graduates in particular (Mangematin 2000; 

Mangematin et al. 2000; Mangematin & Robin 2003; Enders 2002; Mouge’rou 2001; 

Beltramo et al. 2001; Martinelli 2001; Gaughan & Robin 2004; Cruz-Castro & Sanz-

Menedez 2005; Roach & Sauermann 2010, Woolston 2018; Zolas et al. 2015; 
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Bröchner & Anil Sezer 2020). Other literature focuses on whether and why those 

who chose to later work in a firm do (or do not) continue to publish later in their 

career (Anwar 2004). The research in this PhD dissertation takes on a different 

approach: Rather than focusing on what happens after these PhD students graduate, 

it investigates the processes and outcomes before and during the time of their 

research education.  

 

To summarize, although literature on graduate students and PhD students 

participating in collaborative research projects exists, this research aims to extend 

our knowledge further within these areas. Such research is required in order to further 

deepen our knowledge of the potential differences between early-stage career 

scientists and the more experienced and higher ranked researchers involved in 

academic engagement with industry—in terms of both individual antecedents to 

academic engagement with industry and how early-stage career scientists conduct 

knowledge-related interactions related to knowledge creation and exchange during 

their collaboration. By examining this particular form of academic engagement—

that is, firm-employed PhD students within engineering in Sweden—I contribute to 

extending the scope of the literature on academic engagement with industry in terms 

of the form of collaboration and the national context.  

 

As the literature on academic engagement with industry primarily focuses on 

antecedents and consequences, as compared with the engagement processes of these 

collaborations (Perkmann et al. 2021), the next sections present the existing literature 

on the antecedents and consequences of academic engagement with industry. They 

will also identify appropriate innovation management concepts with regard to the 

engagement process and consequences of this particular form of academic 

engagement with industry.  
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2.3 Antecedents of academic engagement with industry 
There are several factors that determine the likelihood of academics’ participation in 

academic engagement. These can be divided into three main categories: institutional 

context, relational and organizational context, and individual antecedents (Perkmann 

et al. 2021).  

 

The institutional context involves differences in scientific disciplines, national 

regulations, and public policy, while the relational and organizational context refers 

to the attributes of academics’ university or department. Individual characteristics 

include demographic attributes, prior career experience, interdependencies with 

other activities, and motivation for participating in academic engagement. In this 

PhD dissertation, the institutional- and organizational-level antecedents of academic 

engagement with industry are used to define and describe firm-employed PhD 

students within engineering in Sweden. These antecedents are useful for 

investigating my first research question: Within the Swedish context of engineering, 

how can the research education and activities of firm-employed PhD students be 

defined and described? A more detailed account of these antecedents is presented in 

the theory section in Chapter 4, which primarily addresses the institutional and 

organizational contexts, while the relational elements at this level are excluded. In 

the discussion on the individual-level antecedents of academic engagement with 

industry in Chapter 5, the primary focus is on individuals’ motivation for 

participating in this specific form of academic engagement. Other individual 

characteristics will also be included in the analysis, since gender (Perkmann et al. 

2013, 2021) and previous experience (Tartari et al. 2012; Lawson et al. 2016; Lawson 

et al. 2019), for example, are expected to influence the likelihood of individuals 

embarking on knowledge-related collaboration with industry. More precisely, 

individual-level antecedents will be explored in Chapter 5 in order to answer my 

second research question: Why and how do individuals become firm-employed PhD 

students? 
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The two literature reviews by Perkmann et al. (2013, 2021) provide a thorough 

account of the development of the literature on academic engagement and reveal both 

areas of consensus and ambiguous research results with regard to antecedents. As 

this PhD dissertation specifically focuses on early-stage career academics (i.e., firm-

employed PhD students) within engineering in Sweden, as compared with more 

experienced researchers in other contexts, this research primarily contributes to the 

development of new insights related to these early-stage career scientists’ individual 

antecedents, while the institutional and organizational context are useful in defining 

and describing this form of academic engagement in the context of engineering in 

Sweden.  

 

2.4 Consequences of academic engagement with industry 
Academic engagement with industry results in consequences related to research, 

commercialization, and society. More precisely, scientific consequences of academic 

engagement with industry are defined as research productivity, quality, and direction, 

as well as educational outcomes (Perkmann et al. 2019). Commercial consequences 

are defined as patenting and start-up activities, which can be initiated purely by 

academics or together with industrial partners (ibid).  

 

Regarding the scientific consequences of academic engagement with industry, the 

previous literature has debated whether or not industrial involvement in science has 

a diminishing effect on scientific direction, rate, and quality. For example, research 

on trade-offs between patenting and scientific progress initially reported negative 

effects of industrial engagement on science progress (Murray & Stern 2007), but 

consensus was later reached on a positive relation between patenting and publishing 

(Meyer 2006, Breschi et al. 2007, Fabrizio & Di Minin 2008, Azoulay et al. 2009). 

Research on knowledge-related collaboration between industry and academia has 

also rendered insights that are relevant to this PhD dissertation. First, the effect of 

industry involvement on scientific productivity has been found to be positive 
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(Perkmann et al. 2019). For example, (Norwegian) professors collaborating with 

industry (Gulbrandsen & Smeby 2005), faculties affiliated with centers for industry 

collaboration (Ponomariov & Boardman 2010), and university researchers who 

collaborate with the private sector (Abramo et al. 2009) all out-perform their non-

collaborating colleagues in terms of publication rate. Second, the literature on the 

effect of industry involvement on the quality of academic output focuses on the level 

of applied or basicness, as well as the citation impact of publications. However, the 

results are more ambiguous in this case (Perkmann et al. 2019). As for PhD student-

industry interaction, the literature on scientific productivity shows somewhat mixed 

results: Some studies find a positive impact (Behrens & Gray 2001; Salimi et al. 

2015; Larivière 2012), while others propose a negative or no impact (Gluck et al. 

1987; Gemme & Gringas 2004).  

 

Further research is needed on the consequences of academic engagement with 

industry. More evidence on how academic engagement influences publication 

quality and the direction of research is valuable, as it could be important to 

policymakers in balancing the potential trade-offs between engagement with industry 

and the quality of the science system. It is also important to investigate the interplay 

between academic engagement and other activities performed by academics 

(particularly teaching activities), since the impacts of engagement might be 

transmitted through teaching (Perkmann et al. 2021). Despite the importance of 

extending our understanding of these predefined consequences, my research only 

briefly touches upon research-related consequences, as these are not the primary 

focus of this PhD dissertation. To understand this form of academic engagement with 

industry, it is useful to take an initial look at how firm-employed PhD students 

contribute to research though publications. I do so by answering my third research 

question, which is predominantly derived from oral interactions with fellow national 

and international peers, rather than being purely theory driven: How similar are firm-

employed and university-employed PhD students in terms of volume and type of 



 
  

46 

publications during their research education? This research question will be 

addressed in Chapter 6; as it primarily focuses on presenting descriptive empirical 

results, there will be no further theoretical elaboration in that chapter regarding 

research-related consequences.   

 

Instead of prioritizing the consequences of academic engagement with industry 

related to research and commercialization, this PhD dissertation primarily explores 

innovation-related outcomes for firms—a topic that has been less researched in this 

stream of literature. However, in their systematic literature review, Vivas and Barge-

Gil (2015) give an overview of the impacts on firms of using external knowledge 

sources. These scholars categorize a total of 32 different impacts into three 

categories: technical impacts, economic impacts, and investment impacts (Vivas & 

Barge-Gil 2015; Barge-Gil & Modrego 2011). According to Vivas and Barge-Gil’s 

(2015) assessment, technological impacts are the most studied, and include impacts 

related to product innovation, process innovation, and patenting. The second most 

studied impact is economic impact, which has primarily been estimated through 

innovation sales, sales, and added value. The third most studied impact is investment 

impact, which is usually addressed in terms of R&D expenditure or capital 

investments (Vivas & Barge-Gil 2015).  

 

In the innovation management literature, innovation-related outcomes for firms that 

collaborate with universities have been more intensively studied. For instance, the 

extant literature in this field suggests that firms interact with universities for a variety 

of reasons, such as signaling to attract skilled labor, promoting product approval, 

gaining access to networks, accessing scientific knowledge for radical innovations, 

and increasing the search pace and importance of related inventions (Fabrizio 2009; 

Hicks 1995; McKelvey 1996; Powell et al. 1996). As for PhD student-firm 

interactions, firm-related outcomes have been investigated in terms of innovation 

competencies (Thune & Børing 2014), regional impacts (Gustavsson et al. 2016), 
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and perceived industry benefits (Assbring & Nuur 2017). In their study on 

collaborative PhD schemes in Norway, Thune and Børing (2014) find that, regardless 

of size, firms achieve results related to providing necessary competences, increasing 

their knowledge in core areas, contributing to R&D competencies, and increasing 

their capability for innovation when they sponsor an industry PhD project. In the 

Swedish context, Gustavsson et al. (2016) have investigated the regional impacts of 

PhD schools at university colleges, which for firms were identified as resulting in 

new and/or developed products and processes, competence creation and retention 

(i.e., the PhD students continued to work at the firm after graduation), and 

strengthened networks connections to both academia and other firms. Assbring and 

Nuur (2017) confirmed the findings by Gustavsson et al. (2016), but also concluded 

that firms may experience benefits in relation to obtaining legitimacy for a product 

or process by being linked to academic publications (i.e., articles or PhD thesis).  

 

My interpretation of this literature is that firms may experience a wide variety of 

innovation-related outcomes when engaging with universities, which can be more or 

less easy to commercialize, either by contributing directly to innovation per se (Vivas 

& Barge-Gil 2015; Gustavsson et al. 2016; Assbring & Nuur 2017) or indirectly 

through the development of firms’ capability for innovation (McKelvey & Ljungberg 

2017; Thune & Børing 2014). In line with the previous literature, this PhD 

dissertation considers innovation to include a set of different processes and 

capabilities that lead to the commercialization of new ideas or inventions, as 

compared with interpreting innovation as a stand-alone incident. More precisely, in 

this PhD dissertation, innovation is defined as “the successful commercial 

exploitation of new ideas” (Dodgson et al. 2008: 2), and I apply the OECD definition 

of different types of innovation (Table 2.1). Furthermore, the degree of novelty can 

vary between innovations, where incremental innovation involves minor changes to 

existing processes or products, while radical innovation deals with ground-breaking 

changes that are new to the firm or to the world (Freeman 1974). The categories of 
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continuous or discontinuous innovation (Thusman & Anderson 1986) explain the 

extent to which an innovation changes the existing way of doing things. Sustained 

innovation is developed based on the needs of customers in the existing market and 

by creating offerings that satisfy their predicted needs for the future. Disruptive 

innovation, on the other hand, creates new markets—markets that are unknowable at 

the time of the innovation conception (Christensen 1997). Hence, the categories of 

disruptive and sustained innovation refer to the magnitude of the impact, while the 

categories of incremental and radical innovation refer to the magnitude of the 

innovation itself.  

 
Table 2.1 OECD types and definitions of innovation. 

Type of innovation Definition 

Product innovation 

 

A good or service that is new or significantly improved. This includes 

significant improvements in technical specifications, components and 

materials, software in the product, user friendliness, or other functional 

characteristics. 

Process innovation A new or significantly improved production or delivery method. This 

includes significant changes in techniques, equipment, and/or software. 

Marketing innovation A new marketing method involving significant changes in product design or 

packaging, product placement, product promotion, or pricing. 

Organizational 

innovation 

A new organizational method in business practices, workplace organization, 

or external relations. 

 

Although the existing literature acknowledges that firms might experience these 

direct and commercial impacts as a result of interacting with external organizations, 

it has focused less on the more indirect impacts of knowledge-related collaborations 

with universities (Perkmann et al. 2013, 2021). Such outcomes could be important 

for firms when developing their capability for innovation (McKelvey & Ljungberg 

2017), particularly by contributing to the early stages of firms’ innovation process. 

The literature has presented various models and structures of firms’ innovation 

processes (Pavitt 2009); for example, Tidd and Bessant (2013) argue that there are 

four generic phases in an innovation process: search, select, implement, and capture. 
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Dodgson et al. (2014), on the other hand, argue that there are six process types that 

firms use to create, capture, and deliver innovation: research and technology lead, 

market-facing, internal coupling, external collaboration, strategic integration, and 

future ready. Regardless of model, Pavitt (2009) has identified three broad and 

overlapping sub-processes of innovation within firms: the production of knowledge, 

the transformation of knowledge into artifacts (i.e., products, processes, services, 

systems), and the continuous matching of artifacts to market need and demand. Pavitt 

(2009) further argues that innovation processes are neither tidy nor easy to delineate 

or manage, and that specialization in the production of artifacts and knowledge has 

increased the level of complexity; therefore, innovation processes are increasingly 

path and context dependent. Only two innovation processes remain generic: 

coordinating and integrating specialized knowledge, and learning under conditions 

of uncertainty (Pavitt 2009). In relation to this, firms that want to be successful with 

their innovation processes and to sustain their competitive advantage must develop 

both new and existing capabilities (Teece et al. 1997; Winter 2000; Cohen & 

Levinthal 1989, 1990). Early on, Cohen and Levinthal (1990: 128) argued that “the 

ability of a firm to recognize the value of new, external information, assimilate it, 

and apply it to commercial ends is critical to its innovative capabilities”; a few years 

later, Teece et al. (1997: 515) introduced the concept of dynamic capabilities, with 

the aim of explaining firms’ “ability to achieve new forms of competitive 

advantage.” In order to sustain firms’ evolutionary and entrepreneurial fitness, Teece 

(2007) highlights three critical capabilities that a firm’s management team must 

possess: 1) sensing opportunities and threats, 2) seizing opportunities, and 3) 

managing threats and reconfiguration.  

 

My interpretation of the literature concerned with firm innovation and how firms use 

external knowledge sources to sustain their competitive advantage is that firms’ 

innovation processes include subsequent elements or phases (Pavitt 2009; Dodgson 

et al. 2014), each of which require a distinct set of managerial or individual 
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capabilities (Cohen & Levinthal 1989, 1990; Teece 2007). Thus, relating this 

perspective to the previous discussion regarding direct and indirect outcomes, I 

interpret knowledge-related interactions between firms and universities to primarily 

contribute to the early stages of firms’ innovation process and related capabilities 

(McKelvey & Ljungberg 2017; Perkmann et al. 2021). In the present study, my 

expectation is that firms that collaborate with industry through firm-employed PhD 

student projects are more likely to benefit in terms of the development of the firms’ 

capability for innovation, rather than in terms of innovation per se (Thune & Børing 

2014). In Section 2.5, I describe my operationalization of this matter in greater detail.  

 

2.5 Processes of academic engagement with industry 
In this PhD dissertation, the processes of academic engagement are interpreted as 

describing how individuals render the consequences related to research, 

commercialization, and firm innovation. However, the existing literature has also 

expressed interest in how individuals enter into academic engagement with industry. 

For example, in their review, Perkmann et al. (2013, 2021) identified certain 

preconditions (i.e., antecedents) that influence the likelihood of academic scientists 

pursuing academic engagement with industry. In the same vein, in their literature 

review of university-industry collaboration, Ankrah and Al-Tabbaa (2015) propose 

a conceptual process framework that distinguishes between four phases of university-

industry collaboration—namely, the formation phase, organizational forms, 

operational phase, and outcomes—where the first phase is focused on events that 

happen before the actual collaboration begins. For PhD-student-firm interactions in 

particular, Thune (2009) emphasizes that the role of PhD students in collaborative 

university-industry projects needs to be further investigated regarding the initiation 

of such projects, as well as regarding the coordination, knowledge creation, and 

knowledge exchange in these collaborations. Although Perkmann et al. (2013, 2021) 

do not explicitly state that engagement processes should or can be divided into 

multiple phases, my interpretation of the literature is that, for the particular form of 
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academic engagement under study here, this division could be beneficial in fully 

exploring the engagement processes of firm-employed PhD students within 

engineering in Sweden. Therefore, I distinguish between two phases of academic 

engagement with industry: the formation phase and the execution phase, where the 

former precedes the latter. I define the formation phase as the time leading up to 

knowledge-related collaboration between university and industry, while the 

execution phase covers the duration of the collaboration itself. This division is 

similar to how Ankrah and Al-Tabbaa (2015) distinguish between their formation 

and operational phase; however, it is different from the original framework of 

Perkmann et al. (2013, 2021), which does not make a clear distinction between 

phases. In this thesis, the formation phase covers relevant events before they start 

their PhD education. Once they start their PhD education as firm-employed students, 

they enter into the execution phase, which continues until the collaboration is 

terminated. Hence, the antecedents of academic engagement with industry 

(institutional, organizational, and individual) affect both how individuals enter into 

academic engagement with industry and how they pursue it during the time of 

collaboration. The formation phase will be explored in Chapter 5, along with firm-

employed PhD students’ individual antecedents, while the execution phase and firm-

related consequences will be investigated in Chapter 7.  

 

With regard to the execution phase, my specific interest is in exploring how outcomes 

related to firms’ capability for innovation are achieved. Thus, exploring the 

execution phase enables an investigation of my fourth research question: How do 

firm-employed PhD students contribute to firms’ capability for innovation during 

their education? In investigating this question, a conceptual model developed by 

McKelvey and Ljungberg (2017) is used as a starting point (Figure 2.2). Based on a 

longitudinal study of a university-industry center, McKelvey and Ljungberg (2017) 
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articulate both a direct and an indirect pathway1 whereby collaborative research 

between university and industry may impact innovation outcomes within firms. The 

direct pathway, found at the top of Figure 2.2, is related to direct activities that enable 

commercialization. In this way, collaborative research can lead firms to outcomes 

that can be directly transferred to the firm and commercialized in the market. The 

second pathway, found at the bottom of Figure 2.2, relates to more indirect impacts, 

conceptualized as academic engagement. These more indirect pathways may still be 

important in the long run for the development of new products, processes, and 

services in firms, but do not do so directly. McKelvey and Ljungberg’s purpose was 

to suggest that public policy for science and technology could be reconceptualized 

as promoting firms’ capability to innovate. In contrast, I start with their conceptual 

model and further develop it through relevant concepts from innovation management 

about firms’ capability for innovation. 

 
Figure 2.2. Conceptual framework of how collaborative research impacts firm innovation through direct and indirect 

pathways (McKelvey & Ljungberg 2017). 

 

 
1 I do not consider the direct and indirect pathways to be exclusive pathways to innovation; instead, I recognize them 
as a dynamic process in which the activities and outcomes of the two pathways may feed into each other in different 
ways. 
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To utilize this framework for the purpose of this research, I borrow theoretical 

components from the literature on innovation management related to firms’ 

capability of searching for knowledge externally. More specifically, I revise the 

above framework in three ways: 1) I identify the relevant activities of firm-employed 

PhD students with regard to the two pathways to innovation, 2) I introduce the notion 

that the direct pathway to innovation requires the firm to have certain capabilities to 

achieve innovation, and 3) I specifically conceptualize these firm capabilities as 

“absorptive capacity.” These revisions are accounted for in detail in the theoretical 

section in Chapter 7, while the following sections provide an overview and define 

these concepts.  

 

With regard to the activities on the two pathways to innovation, I define activities on 

the direct pathway as activities that render outcomes that can be directly transferred 

to the firm and commercialized in the market, while activities on the indirect pathway 

are defined as activities with a more indirect impact that are important for developing 

innovation in firms in the long run. Both these pathways require the firm to develop 

a capability for innovation, which I have conceptualized as absorptive capacity 

(Cohen & Levinthal 1989, 1990). More specifically, I differentiate between the 

capabilities of recognizing the value of new external knowledge (Cohen & Levinthal 

1990; Todorova & Durisin 2007), assimilating it (Cohen & Levintahl, 1990), and 

exploiting it (Cohen & Levinthal 1990; Todorova & Durisin 2007) as separate sets 

of innovation capabilities, from the firm perspective.  

 

Cohen and Levinthal (1990: 132) argue: “the firms’ absorptive capacity depends on 

the individuals who stand at the interface of either the firm and the external 

environment or at the interface between subunits within the firm.” Firms have 

different ways of stimulating their absorptive capacity, such as by involving 

employees in advanced technical training and by conducting R&D (Cohen & 

Levinthal 1990). Consequently, this argumentation links individuals and 
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organizations, and the literature suggests that certain individuals operating in 

overlapping environments—either within the firm or toward the external 

environment—are important for developing firms’ absorptive capacity. In this early 

literature, such individuals are called boundary spanners (Allen 1977; Tushman 

1977) and are identified as playing an important role in sufficient creation and 

assimilation of new knowledge within the firm (Cohen & Levinthal 1990). A more 

recent literature review by Haas (2015) distinguishes among the somewhat 

overlapping concepts of boundary spanners, gatekeepers, and knowledge brokers. In 

the present PhD dissertation, in line with the work by Haas (2015), boundary 

spanners are defined as links between a unit and its environment (Cross & Prusak 

2002; Leifer & Delbecq 1978) and can take on several different functions. In other 

recent literature, the concept of the boundary spanner is linked to network theory, in 

which the node occupies a structural space in a network and thereby connects 

different nodes in the network (Phelps et al. 2012; Tortoriello 2015). However, for 

the purpose of this PhD dissertation, firm-employed PhD students are perceived as 

being at the interface between The University and the firm and therefore as acting as 

a link between these organizations (Leifer & Delbecq 1978; Cross & Prusak 2002), 

with multiple functions (Haas 2015) during their PhD education.  

 

De Jong and Freel (2010: 15) argue that cognitive proximity “may be achieved as a 

direct outcome of investments in firms’ absorptive capacities.” Nooteboom (2000) 

illustrates the importance of cognitive distance between the individuals involved in 

knowledge exchange. Here, I utilize the concept of cognitive distance (Nooteboom 

2000; Nooteboom et al. 2007; Boschma 2005) as a possible explanation of why the 

firm-employed PhD students under study here can act as boundary spanners through 

direct and indirect pathways and contribute to the firms’ capability for innovation. 

Here, cognitive distance includes the cognitive distance between individuals and that 

between organizations. As this PhD dissertation pays special attention to early-stage 

career academics that intentionally partake in knowledge networks with firms, my 
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focus is primarily on the individual level of academic engagement with industry and 

not on the department level. Therefore, cognitive distance at the individual level is 

defined as differences in individuals’ cognitive functions—or, more precisely, 

differences in domains (observed phenomena), range (categorization of observed 

phenomena), or the mapping between them (Nooteboom 2000). Thus, the individuals 

involved in knowledge exchange need to understand each other and be able to learn 

from one another (the mapping of domains and ranges). This means that, if 

individuals have very different knowledge bases and experiences, more investment 

is required to bridge or reduce the cognitive distance, while individuals with more 

similar cognitive backgrounds will find it easier to interpret and understand each 

other’s reasoning (Nooteboom 2000). However, bridging cognitive distance is not 

the same as reducing it. Bridging cognitive distance is done through communication, 

which produces overlaps between ranges and domains. Reducing cognitive distance 

entails overlaps between ranges (range-to-range) and overlaps between domains 

(domain-to-domain), in which individuals observe the same phenomena and 

categorize them in similar ways. Thus, for optimal learning by interaction, cognitive 

distance should be reduced to a limit at which sufficient differences in domains exist 

(variation in observed phenomena), and bridged to establish communicative 

capabilities among the individuals involved. In the professional context studied here, 

the domains and ranges of individuals are expected to be significantly influenced by 

their work history and educational background (Cummings 2004; Broström & 

McKelvey 2018). This is a narrower approach compared with, for example, 

Boschma’s (2005) perspective, which addresses the impact of cognitive, 

organizational, social, institutional, and geographical proximity when discussing 

interactive learning and innovation.  

 

At the firm level, Nooteboom et al. (2007) illustrate that cognitive distance (in terms 

of the technological knowledge of firms) plays different roles in exploitation and 

exploration (Nooteboom et al. 2007). A more recent study by Broström and 
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McKelvey (2017) shows that outcomes from knowledge exchange are mediated by 

cognitive distance and expert autonomy. In their study on the implementation of 

congestion charges in Stockholm, Sweden, these scholars find that the two 

dimensions of cognitive distance and expert autonomy affect policy learning 

(exploration) and policy implementation (exploitation) differently; as a result, 

different interaction strategies are required between policymakers and scientific 

experts, depending on the preferred outcome (learning or implementation). Thus, the 

level of cognitive distance between individuals has implications for how successful 

the results of a knowledge exchange may be at the firm level, as well as for the 

character of the outcomes with regard to exploitation and exploration. For example, 

the effect of external knowledge sharing on performance is higher for structurally 

diverse groups than for homogeneous groups (Cummings 2004). This implies that 

structurally diverse groups make more use of external knowledge, which positively 

affects the performance level. Thus, the aim of the knowledge exchange, either 

exploitative or explorative, may require different processes of learning with regard 

to individuals and firms’ knowledge backgrounds, interaction strategies, and 

communication capabilities (Nooteboom 2000; Nooteboom et al. 2007; Broström & 

McKelvey 2018; Cummings 2004). 

  

Applying the above perspectives to the focal phenomenon of this PhD dissertation, 

my interpretation is that, in order for firm-employed PhD students to successfully 

exchange knowledge with the firm and act as boundary spanners as expected, they 

must become cognitively close to both The University and the firm during their 

education. At the individual level, this closeness is achieved by reducing the 

cognitive distance during the formation phase, which enables the involved parties to 

bridge the cognitive distance further during the execution phase by developing 

communicative capabilities. Depending on the aim and on how well firm-employed 

PhD students can reduce and bridge their cognitive distance with other individuals at 
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The University and the firm, their impact on the firms can have either an exploitative 

or explorative character.  

 

To summarize, I distinguish between the formation phase and the execution phase of 

the engagement process of academic engagement with industry. Here, the formation 

phase is interpreted as reducing the cognitive distance (Nooteboom 2000) between 

involved individuals with regard to individual characteristics related to educational 

background and work history (Cummings 2004; Broström & McKelvey 2018). In 

the execution phase, firm-employed PhD students can act as boundary spanners 

(Haas 2015; Leifer & Delbecq 1978; Cross & Prusak 2002) through the direct and 

indirect pathways of innovation (McKelvey & Ljungberg 2017) that contribute to 

firms’ capability for innovation—more precisely, through recognizing, assimilating, 

and exploiting new external knowledge (Cohen & Levinthal 1989, 1990; Todorova 

& Durisin 2007; Zahra & George 2002). The students are able to do so because their 

cognitive distance with individuals at The University and individuals at the firm has 

been bridged through the development of communicative capabilities (Nooteboom 

2000).  

 

2.6 Conclusions and conceptual framework  
This chapter provided the main definitions and my expectations regarding the 

purpose of this explorative qualitative research:  

 

To explore firm-employed PhD students as a form of academic engagement with 

industry. 

 

More specifically, the purpose of this research is to extend the literature on academic 

engagement with industry by investigating an understudied yet important form of 

academic engagement with industry: namely, that of early-stage career scientists 

(Perkmann et al. 2021) in terms of firm-employed PhD students within engineering 
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in Sweden. Achieving this purpose will contribute to the literature in three main 

ways. First, it will provide important insights into the individual antecedents of these 

early-stage career stage scientists and inform us on the institutional and 

organizational contexts of engineering in Sweden. Second, it provides a deeper 

understanding of the engagement processes through which such knowledge-based 

collaboration is realized, by exploring a formation phase and a subsequent execution 

phase. This approach can yield insights into why and how these individuals obtained 

their positions as firm-employed PhD students and how they may act as firms’ 

boundary spanners through direct and indirect pathways to innovation, thereby 

contributing to the firm’s absorptive capacity during their PhD education. Third, by 

acknowledging the outcomes for firms from external knowledge sources in the 

extensive innovation management literature, this research introduces firm-related 

innovation outcomes, by developing the concept of a firm’s capability for innovation 

as an emerging category of consequences of academic engagement with industry. To 

realize these contributions, I have revised the framework of academic engagement 

with industry by Perkmann et al. (2021) to better represent the purpose of this PhD 

dissertation. I make two major adjustments: First, I distinguish between two phases 

of the engagement processes (formation and execution); and, second, I characterize 

“firms’ absorptive capacity” as a potential consequence of academic engagement. 

My initial conceptualization is visualized in Figure 2.3 and includes the antecedents, 

engagement processes, and consequences of this particular form of academic 

engagement with industry—namely, firm-employed PhD students in electrical 

engineering at The University in Sweden.  
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Figure 2.3 Initial conceptualization of the antecedents, consequences, and engagement processes of academic 
engagement with industry. 

 
 

As visualized in the top part of Figure 2.3, three categories of antecedents are 

expected to influence the engagement processes of this form of academic 

engagement with industry. These are related to the institutional context, the 

organizational context, and individual antecedents (Perkmann et al. 2013, 2019) of 

firm-employed PhD students in engineering at a single university in Sweden.  

 

The middle box in Figure 2.3 illustrates the engagement processes, which distinguish 

between an initial formation phase and a subsequent execution phase. This 

distinction is different from the original framework by Perkmann et al. (2021), but 

aligns with other literature suggesting that engagement processes may contain 
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multiple phases (Ankrah & Al-Tabbaa 2015; Thune 2009). I define the formation 

phase as the time before the knowledge-related collaboration has started, while the 

execution phase covers the duration of the collaboration. Thus, for firm-employed 

PhD students in this study, the formation phase accounts for the time before they 

began their PhD education, with a focus on how they obtained their position, while 

the execution phase primarily addresses how these individuals can create outcomes 

in relation to the direct and indirect pathways to innovation (McKelvey & Ljungberg 

2017) during the knowledge-related collaboration (i.e., their research education). 

Furthermore, my interpretation of the literature is that these engagement processes 

are helpful in reducing and bridging cognitive distance (Nooteboom 2000; Noteboom 

et al. 2007), which enables firm-employed PhD students to act as boundary spanners 

(Haas 2015; Leifer & Delbecq 1978; Cross & Prusak 2002) through direct and 

indirect pathways to innovation during their education.  

 

With regard to consequences, illustrated in the bottom box of Figure 2.3, the 

academic engagement literature expects consequences related to research and 

commercialization (Perkmann et al. 2013, 2021). Although I aim to provide some 

initial insights into research-related consequences, this thesis is particularly 

interested in exploring firm-related outcomes. Therefore, I have enriched the original 

framework with consequences regarding firms’ capability for innovation. More 

specifically, I interpret consequences related to firms as primarily contributing to 

their absorptive capacity, rather than contributing to innovation per se. Here, I 

distinguish between the ability to recognize the value of new external knowledge 

(Cohen & Levinthal 1990; Todorova & Durisin 2007), assimilate new external 

knowledge (Cohen & Levintahl, 1990), and exploit this knowledge for commercial 

ends (Cohen & Levinthal 1990; Todorova & Durisin 2007).  

 

To conclude, this chapter presented and defined the key theoretical concepts that 

guide the forthcoming empirical analysis. Figure 2.3 provides an overview of these 
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elements, while the relevant details of the antecedents, engagement processes, and 

consequences in relation to Research Questions 1, 2, and 4 will be further discussed 

in Chapters 4, 5, and 7. Next, in Chapter 3, the research setting, research design, and 

methods of the major qualitative study of this research will be outlined and discussed.   
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3 Research design and methodological choices 

3.1 Introduction 
This chapter describes the strategy and setting of the research in my PhD dissertation. 

The focal phenomenon of this PhD dissertation is student-firm collaboration by PhD 

students, in particular PhD students that are employed by firms during their 

education. It is important to shed light on the basic assumptions I have as a researcher 

before discussing the methods used. Epistemological and ontological assumptions 

naturally influence and guide the choice of methods used for data collection and 

analysis. My basic assumptions are best described by critical realism, which holds 

that social scientists engage in projects similar to those of natural scientists 

(Neergaard & Ulhøi 2007). Of course, social phenomena require a different set of 

methodological tools than natural phenomena, and my choice of tools is explained 

in this chapter. Hence, within the overall research setting of firm-employed PhD 

students, I have conducted a primary, major study with a qualitative research design, 

which I have augmented with a secondary, minor study with a separate research 

design based on quantitative data. This chapter describes the motivation for the 

research strategy and design, as well as the specific methodological choices related 

to the main qualitative study. The method for the minor quantitative study is 

presented separately in Chapter 6.  

 

This chapter is structured as follows. In Section 3.2, I present an overview of my 

research strategy, including the motivation for my explorative approach, and present 

the empirical setting of my exploratory study on firm-employed PhD students, 

relative to my conceptual framework. In Section 3.3, I present additional details on 

the qualitative research underlying my main study. My qualitative study is designed 

as a multiple case study of numerous students in the field of engineering at a single 

university (designated herein as “The University”) in a single country (i.e., Sweden). 

More specifically, the PhD students under study are enrolled in a PhD program in 
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electrical engineering at a university in Sweden. This section includes details on the 

qualitative study related to preparation, data collection, and analysis; it also provides 

some explanation regarding my conceptual framework. Finally, the limitations of 

this research and how I have tried to mitigate these limitations with regard to 

reliability and validity are discussed in Subsection 3.4.  

 

3.2 Overview of the research strategy  
Here, I present an overview of my research strategy, including the empirical setting 

of this exploratory study of firm-employed PhD students in relation to my conceptual 

framework in this section. I argue that an explorative research strategy is warranted; 

as previous chapters have pointed out, the focal phenomenon of this PhD dissertation, 

student-firm collaboration involving PhD students, is yet to be properly described 

and understood. Next, I introduce my research design, which incorporates elements 

relevant to both the main qualitative study and the minor quantitative study. The 

details of the main qualitative study and related methodological choices are further 

outlined in Section 3.3. 

  

The main research design is conceptualized as a multiple case study consisting of a 

number of individual PhD students set within a specific institutional and 

organizational context. Yin (2014:16) defines a case study as “an empirical inquiry 

that investigates a contemporary phenomenon (the ‘case’) in depth and within its 

real-world context.” He then goes on to argue that case study research requires 

iterative processes, including a plan, a design, preparations, data collection, analysis, 

and reporting. This chapter explains how I have worked through these steps. 

Focusing on these PhD students allows me to address the different aspects of my 

initial conceptual model (presented in Chapter 2), which is relevant for studying the 

research education of firm-employed PhD students. 
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This research takes on an exploratory approach (Eisenhardt 1989; Yin 2014) with the 

aim of developing an in-depth understanding of what I have conceptualized as a 

particular form of academic engagement with industry. More precisely, my research 

explores the context of engineering in Sweden within which the focal phenomenon 

of student-firm collaboration by PhD students operates. My intent is to gain an 

understanding of how and why individuals become firm-employed PhD students and 

how the activities conducted by these firm-employed PhD students may contribute 

to consequences in terms of technology and innovation for firms. This explorative 

research provides descriptive results about the processes studied and theoretical 

insights; in regard to the latter, my goal is to further develop the existing theory 

(Eisenhardt 1989; Eisenhardt & Graebner 2007; Eisenhardt 2021) on academic 

engagement with industry.  

 

Due to gaps in the existing literature regarding my focal phenomenon, my initial 

intention was to approach this explorative research through a purely qualitative 

research design. However, I decided to alter this initial approach based on feedback 

from colleagues and international peers when presenting the preliminary results of 

my research. More specifically, when I presented my results on what the PhD 

students do and how they contribute during their research education, the discussants 

and other peers often questioned whether these firm-employed PhD students did 

research at all and whether they could be counted as “real” PhD students. More 

specifically, I received questions such as, “Why would they do research?,” “Is this 

like an MBA?,” and “Do they receive an ‘industrial’ PhD title that differs from a 

‘real’ academic PhD title?” Based on this feedback, I realized the need to provide at 

least some empirical evidence regarding whether and what the studied PhD students 

publish during their education. Hence, I decided to add a minor quantitative study to 

the research design of this thesis. This minor cross-sectional study complements the 

multiple case study by providing descriptive findings with regard to the volume and 

type of publications that the PhD students under study produce during their 
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education. The methodological issues and results from this minor cross-sectional 

study are presented in greater detail in Chapter 6. 

 

I now present an overview of the empirical context of the research setting. As 

described earlier, my research focuses on firm-employed PhD students within 

electrical engineering at a university in Sweden. The rational for this choice is: 1) 

that, in Sweden, the focal phenomenon is most common in engineering and 

technology (Statistics Sweden & UKÄ 2021); 2) that multiple instances of the focal 

phenomenon can be found within electrical engineering at this particular university; 

and 3) that the previous literature has identified the focal phenomenon as being 

heterogeneous regarding the collaboration characteristics (Thune 2009; Borrell-

Damian et al. 2010). Focusing on a single university in one country allows me to 

better define what firm-employed PhD students are, in this context. It also reduces 

the variation in the institutional and organizational environment of the firm-

employed PhD students, which enables me to better understand the influence of 

individual and process variations. Because the dimensions of diversity at the 

individual and process levels can be identified (e.g., regarding background, 

supervisors, and firms), I can observe the differences and consider their possible 

impacts during the processes relative to the outcomes and consequences.  

 

The purpose of this PhD dissertation is to explore the activity of firm-employed PhD 

students as a form of academic engagement with industry. As shown in Table 3.1, in 

order to meet this purpose, my PhD dissertation includes four research questions, 

which correspond to Chapters 4, 5, 6, and 7. Table 3.1 also provides information on 

the research questions, units of analysis, research design, data sources, and specific 

chapters. 
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Table 3.1 Overview of the research design. 

Research question Unit of analysis Research design Data sources  Chapter 

RQ1: Within the Swedish 

context of engineering, how 

can the research education and 

activities of firm-employed 

PhD students be defined and 

described? 

 

Institutional and 

organizational level, 

the research 

education of firm-

employed students 

Multiple case 

study  

Interview 

material  

Chapter 4 

RQ2: Why and how do 

individuals become firm-

employed PhD students? 

 

Firm-employed PhD 

students 

Multiple case 

study 

Interview 

material 

Chapter 5 

RQ3: How similar are firm-

employed and university-

employed PhD students in 

terms of volume and type of 

publications during their 

research education? 

 

Firm-employed and 

university-employed 

PhD students 

Cross-sectional 

study 

Publication 

data 

Chapter 6 

RQ4: How do firm-employed 

PhD students contribute to 

firms’ capability for 

innovation during the 

students’ education? 

Firm-employed PhD 

students 

Multiple case 

study 

Interview 

material 

Chapter 7 

 

It should be noted that all four research questions—each of which is addressed in a 

separate chapter—contribute to achieving my stated purpose. They are also useful in 

further developing my conceptual framework, as outlined in Chapter 2. Thus, taken 

together, the research reported in each of the subsequent chapters is useful in 

developing a deeper empirical and theoretical understanding of specific elements of 

the conceptual framework (Figure 3.1).  

 

As shown at the top of Figure 3.1, the first research question (RQ1) addresses the 

institutional and organizational contexts in order to describe and characterize the 

research education and activities of firm-employed students within electrical 
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engineering at a university in Sweden. The second research question (RQ2), 

represented in the upper-middle part of Figure 3.1, goes into more depth on the 

characteristics of the focal phenomenon, with a particular emphasis on the formation 

phase of this specific form of academic engagement. The third research question 

(RQ3), displayed in the lower-middle part of Figure 3.1, aims to provide initial 

insights into whether or not the firm-employed PhD students contribute to research-

related consequences during their research education (i.e., during the execution 

phase), in comparison with another type of PhD student—namely, PhD students that 

are employed at The University (i.e., university-employed PhD students). Finally, 

the fourth research question (RQ4), represented at the bottom of Figure 3.1, explores 

the execution phase and, more specifically, how firm-employed PhD students create 

consequences affecting firms’ absorptive capacity.  

 
Figure 3.1 Overview of the research questions. 

  
 

The research design and methodological choices for the main qualitative study, 

which addresses Research Questions 1, 2, and 4, are described further in the 

following sections. 
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3.3 Multiple case study of firm-employed PhD students 
A multiple case study was chosen to investigate the focal phenomenon because the 

research questions have little supporting theory and empirical evidence (Eisenhardt 

1989, 2021). My study can specifically contribute to the existing literature on 

academic engagement with industry by developing our knowledge of the motivations 

of the individuals and organizations that pursue this particular form of academic 

engagement, of the process that links the antecedents and outcomes of said processes, 

and of what the consequences for firms might be, as a distinct set of outcomes from 

academic engagement. My conceptual framework was briefly presented in Chapter 

2; more specific concepts for the theoretical framing and the initial conceptual 

framework are further developed in each of Chapters 4, 5, and 7. To derive research 

questions based on theoretical gaps and/or inconsistencies in previous literature, I 

immersed myself in the literature on university-industry interactions, academic 

engagement with industry, and innovation management. The literature search was 

inspired by a structured literature review approach, in terms of trying to find literature 

based on a set of search principals. This search led to the design of my study; the 

literature was then supplemented through the process of my PhD education. 

 

The remaining parts of this section address the above-described plan and discuss how 

the main study was implemented through preparation, data collection, and analysis, 

as prescribed by Yin (2014). 

 

3.3.1 Collection of qualitative data  

The qualitative data that was collected included interviews and a limited amount of 

secondary data. After formulating the overarching research questions, the initial 

literature review was extended for assistance in crafting instruments and protocols 

(Eisenhardt 1989), specifically with the aim of constructing an interview guide. This 

interview guide was first used to interview the PhD students under study; thereafter, 

it was used with academic supervisors, industrial supervisors, and firm managers. 
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The primary data sources for the multiple case studies are interviews (Creswell 

2014), which were primarily conducted with the chosen firm-employed PhD 

students, along with their academic and industrial supervisors. Supplementary 

interviews were also conducted with two managers responsible for firm-level PhD 

programs at Firm A and Firm G, in order to further understand the organizational 

context. It was also necessary to collect secondary data, such as national statistics. 

Two governmental agencies were particularly relevant for this PhD dissertation: 

Statistics Sweden (SCB) and the Swedish Higher Education Authority (UKÄ). 

Statistics, reports, and other information for my research were retrieved from these 

agencies. The webpage of and annual reports from The University were also 

consulted, along with a few additional webpages related to, for example, funding 

organizations, collaborating firms, and CV databases.  

 

The triangulation of the empirical data is used to validate the testimonials from the 

firm-employed PhD students in regard to the different research questions. More 

specifically, the academic supervisors provide empirical data that are useful in 

exploring and validating the PhD students’ perspective on how they obtained their 

position and what they do during their education, while the industrial supervisors and 

firm managers provide valuable insights into the students’ interactions with the firms 

and the firm-related outcomes. Thus, these testimonials are not only helpful in 

exploring the phenomenon of interest but also relate to specific sub-areas outlined in 

this study. In most cases, the perspectives of both organizations were obtained by 

interviewing the academic supervisor and the industrial supervisor or firm manager. 

An overview of the interviews conducted in each case is displayed in Table 3.2.  
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Table 3.2 Overview of interviews per case, including interviews with firm-employed PhD students, supervisors, and 
managers of firm-level PhD programs. 

Case Firm-employed PhD students* Academic 
supervisor 

Industrial 
supervisor*** 

Manager of 
firm-level 
PhD 
program*** Name 1st interview 2nd interview 

1 Adrian September 2017 November 2018 November 2018 - February 2020 

2 Charlie September 2017 October 2018 November 2018 April 2019 February 2020 
3 Daniel October 2017 November 2018 - April 2019 n/a 
4 Edward October 2017 April 2019 December 2019 May 2019 February 2020 
5 Fabio October 2017 June 2018 October 2018 - February 2020 
6 Gabriel October 2017 June 2018 October 2018 n/a February 2020 
7 Hank November 2017 June 2018 October 2018 - February 2020 
8 Ivar May 2018 - December 2019 - n/a 
9 James May 2018 - March 2019** March 2019** n/a 
10 Kevin June 2018 November 2018 January 2020 April 2019 February 2020 
11 Lucas June 2018 April 2019 - May 2019 February 2020 
12 Marcus June 2018 - December 2019 - February 2020 
13 Nick June 2018 - May 2019 April 2019 February 2020 
14 Oliver October 2018 - - n/a n/a 
15 Philip April 2019 - December 2019 April 2019 February 2020 

* Names are fictive 
**James’ academic and industrial supervisors are the same person. 

***n/a indicates that the student does not have an industrial supervisor or that the firm does not have a firm-level PhD 

program. 

 

As shown in Table 3.2, nine of the firm-employed PhD students were interviewed 

twice; however, I was not able to interview all the supervisors, and three of the 

academic supervisors and five of the industrial supervisors were not interviewed. 

Furthermore, four of the firms do not have a firm-level PhD program and two of the 

PhD students do not have an industrial supervisor; therefore, these interviews could 

not be conducted. Thus, in Cases 3, 11, and 14 (Daniel, Lucas, and Oliver), the 

perspective of the academic supervisors was not included, while for Cases 8 and 14 

(Ivar and Oliver) the perspective of the industrial supervisor was not included. 

Hence, Case 14 solely rely on the interviews with Oliver and my analysis is restricted 

to the PhD student’s perspective only. 

 

The process was as follows. I selected the group and contacted The University. In 

August of 2017, the administrators at The University confirmed that there was a total 
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of 24 firm-employed PhD students undertaking their PhD education in electrical 

engineering at The University at that time. All 24 students were approached and 

invited to participate in this study, and 15 accepted the invitation. For those who did 

not respond, additional reminders were sent out in an attempt to include as many 

informants as possible in order to ensure theoretical saturation (Eisenhardt 1989). 

Two of the students responded that they were uninterested in participating in the 

study. Thus, a total of 15 cases are included in this multiple case study, with most of 

the case studies including multiple informants. For each case, the data collection 

includes interviews with the focal firm-employed PhD student; when possible, it also 

includes interviews with one or more of the student’s academic supervisor, industrial 

supervisor, and manager of the firm-level PhD program (when applicable, for two 

firms).  

 

For the students, pilot interviews were used in tandem with the development of 

interview questions, in order to test and revise the interview guide (Dubé & Paré 

2003; Miles & Huberman 1994). The interview guide for the students was primarily 

refined and altered in the early stages of data collection. An overview of this process 

is provided in Appendix A, describing how the interview guide for the students 

changed during the pilot and initial interviews. As an example of such changes, a 

check-box slip was later introduced to the interviews with the students. This check-

box slip included a list of potential activities that firm-employed PhD students 

participated in; the students filled out the slip during the interview. This check-box 

slip helped to guide the interview based on the specific situation of the informant. It 

also introduced a systematic way of approaching this part of the interview.  

 

The goal of the student interviews was twofold, relative to the purpose of my PhD 

dissertation. The first aim was to gain a broader perspective on what being a firm-

employed PhD student entails and hence to define the phenomenon more accurately 

while clarifying in detail what activities the students engage in, both at the university 
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and at the firm. The second aim was to focus specifically on their perceived 

contribution to firm innovation during their studies, set in relation to their activities. 

To account for these two aims, some of the students needed to be interviewed twice, 

especially students that were interviewed early on during the research process. Table 

3.3 provides an overview of all the interviews, all of which, except for one, were 

done face-to-face. 
  

Table 3.3 Overview of interviews with firm-employed PhD students. 

Firm-employed 

PhD student 

Date of 1st 

interview 

Length of 1st 

interview (recording) 

Date of 2nd 

interview 

Length of 2nd interview 

(recording) 

Adrian September 2017 01:02:02 November 2018 01:11:10 

Charlie September 2017 00:39:55 October 2018 00:58:32 

Daniel October 2017** 01:01:29 November 2018 00:53:11 

Edward October 2017 01:05:43 April 2019 01:02:37 

Fabio October 2017 01:02:14 June 2018 00:54:46 

Gabriel October 2017 01:21:47 June 2018 01:16:53 

Hank November 2017 00:46:59 June 2018 00:46:53 

Ivar May 2018 00:53:21 - - 

James May 2018 00:54:46 - - 

Kevin June 2018 00:49:59 November 2018 01:33:15 

Lucas June 2018 01:00:29 April 2019 01:07:37 

Marcus June 2018 01:23:37 - - 

Nick June 2018 01:03:22 - - 

Oliver October 2018 01:02:42 - - 

Philip April 2019 02:14:04 - - 

** This interview was conducted on Skype. 
 

Hence, as shown in Table 3.3, the interviews with the PhD students ranged from 46 

minutes to 2 hours and 14 minutes, but were generally around 1 hour in length. Nine 

of the 15 PhD students were interviewed a second time. It should be noted that all of 

the respondents that agreed to participate are male, and the names provided here are 

fictive in order to ensure anonymity. 

 

Before the interview, the interview guide was distributed to the students by e-mail, 

along with two other points of information: 1) The interview was to be recorded, 
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along with information about the research project and data management; and 2) the 

informant’s name, firm, and university affiliation would be anonymous. The check-

box slip, mentioned above as an improvement after the pilot interview, was not 

introduced beforehand; instead, it was presented during the interview so the student 

could openly explain how he interacted with The University and the firm. The e-

mail, interview guide, and check-box slip were provided in either English or 

Swedish, depending on the preference of the informant.  

 

When a second interview was scheduled, the technicalities of anonymity and 

recording were again discussed and handled, this time at the beginning of the 

interview. The reason for a second interview was to gain a better and more precise 

understanding of how the students contributed to firm innovation. Grasping what 

being a firm-employed PhD student entails was time-consuming during the first 

interviews, allowing less time to be devoted to discussing their contributions to the 

firms. Moreover, I became much more proficient in conducting interviews during the 

research process. Thus, the more interviews I conducted with students, the better I 

was at interpreting what they said and asking follow-up questions to pinpoint 

meaningful details in their explanation of their contributions. As a result, I could 

more easily prioritize the more important parts of the interview and make sure I 

covered all aspects in one interview instead of two. Hence, the second interviews 

were primarily conducted with the PhD students who were interviewed early during 

my research process. 

 

As an example of how I reflected upon improvements in my research project, a note 

was documented during a method course, dated October 30, 2017:  

 

I try to keep quiet to not stress the informant to answer quickly and, 

when asking questions for clarification, I try to ask as open a question 

as possible. However, I try to improve the triangulation of the given 
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information in a good way during the interview. During the interview 

with Edward, I also realized that the word taskmaster was experienced 

as negative by the informant, who clearly explained that he had no 

taskmaster. It was the informant who was the project leader and 

developed the project further (with help from others). After the 

interview with Edward, I also realized that I should ask the most 

important questions early on in the interview. Otherwise, it is easy to 

spend a lot of time on questions that are more peripheral instead of 

getting rich information on the questions that really matter. 

 

Hence, I did not carry out a second round of interviews for six of the students, since 

information on their contributions to the firm had already been covered in the first 

interview. Moreover, one of the PhD students, Ivar, who was interviewed early on, 

rejected the invitation to participate in a second interview.  

 

It should be noted that the interview guide for the second interview—which was also 

used for the later interviews that involved only one interview—was semi-structured, 

with open questions. This part of the interview guide had a clear focus on specific 

examples of how the students contributed to direct and indirect innovation outcomes, 

as discussed by McKelvey and Ljungberg (2017). The interview started out with 

open-ended questions on innovation outcomes; toward the end, the informants were 

shown the extended theoretical framework by McKelvey and Ljungberg (2017). In 

this way, the informants could give their view on the framework and how it related 

to their work, which helped them to remember more examples of contributions they 

had made. Finally, both the first and second interviews with the students were 

transcribed to enable the upcoming data analysis. All interviews were transcribed 

and handled according to contemporary practice for this type of data. The interviews 

were transcribed in either Swedish or English, depending on the language used 

during the interview.  
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Another set of interviews was conducted with the academic and industrial 

supervisors. In these interviews, the interview guide included the same major 

elements as for the students; however, the framing was slightly different in order to 

grasp the unique perspective of each organization, such as their experience of 

supervising firm-employed PhD students, how they facilitate these students, and the 

student’s influence in the organization. Like the guide for the students, these 

interview guides were tested and refined through pilot interviews. Furthermore, the 

interview guide was sent to the supervisors before the interview, along with the 

information that the interview would be recorded and that their name and 

organizational affiliation would be anonymized. After the interview, the recording 

was transcribed to enable the forthcoming analysis. An overview of the interviews 

with the academic and industrial supervisors is displayed in Table 3.4. 
Table 3.4 Overview of interviews with firm-employed PhD students’ supervisors. 

Supervisor Organization 
Date of 

interview 

Length of interview 

(recording) 

Adrian’s Academic Supervisor The University November 2018 
 

00:58:00 

Charlie’s Academic Supervisor  The University November 2018 00:51:55 

Charlie’s Industrial Supervisor Firm A April 2019 00:47:37 

Daniel’s Industrial Supervisor Firm C April 2019 01:16:53 

Edward’s Academic Supervisor The University December 2019 00:56:21 

Edward’s Industrial Supervisor Firm D May 2019 00:58:38 

Fabio’s Academic Supervisor The University October 2018 00:56:02 

Gabriel’s Academic Supervisor The University October 2018 00:56:02 

Hank’s Academic Supervisor The University October 2018 00:51:50 

Ivar’s Academic Supervisor The University December 2019 00:56:21 

James’ Academic and Industrial 

Supervisor* 
The Uni. + Firm E March 2019 00:58:15 

Kevin’s Academic Supervisor The University January 2020 01:04:09 

Kevin’s Industrial Supervisor Firm A April 2019 00:31:45 

Lucas’ Industrial Supervisor Firm G May 2019 00:52:25 

Marcus’ Academic Supervisor The University December 2019 00:56:21 

Nick’s Academic Supervisor The University May 2019 01:15:39 

Nick’s Industrial Supervisor Firm A April 2019 00:31:45 

Philip’s Academic Supervisor The University December 2019 00:47:26 

Philip’s’ Industrial Supervisor Firm G April 2019 00:43:12 

*James academic and industrial supervisors are the same person. 
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For each PhD student, Table 3.4 indicates whether and when each academic and/or 

industrial supervisor was interviewed. Note that, for James, his academic and 

industrial supervisors are the same person. Most of the interviews were 

approximately 1 hour. All the supervisors that agreed to participate were male. 

 

The two interviews with firm managers specifically focused on the firm-level PhD 

programs at Firm A and Firm G, regarding why and how these programs are set up 

and the firms’ expectations for the outcomes of engaging with firm-employed PhD 

students during their education. As these two interviews were conducted fairly late 

in the data collection process, I shared the preliminary research results I had at that 

time regarding firm-employed PhD students’ contribution to firms with the 

managers. By doing so, I was able to obtain feedback from the managers about how 

my preliminary conclusions corresponded with their experience of the process and 

contributions of these students’ work. After the interviews, the recordings were 

transcribed. An overview of the interviews with the managers is displayed in Table 

Most of the interviews were approximately 1 hour. 3.5. 

 
Table 3.5 Overview of interviews with managers at Firm G and Firm A. 

Firm manager Organization Date of interview Length of interview 
(recording) 

Manager Firm G Firm G February 2020  01:54:54 
Manager Firm A Firm A February 2020 01:18:30 

 

Four of the firms do not have firm-level PhD programs; therefore, no interviews 

focusing on this matter were conducted at those firms. The interview at Firm G lasted 

for 1 h and 54 minutes, while the interview at Firm A lasted for 1 h and 18 minutes. 

Both of the firm managers who agreed to participate were male.  

 

The interview guides for the students, supervisors, and managers are provided in 

Appendix B. In the next section, I explain how I analyzed the data obtained through 

these interviews.  
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3.3.2 Analysis of qualitative data 

The analysis undertaken in this thesis was influenced by both inductive and deductive 

approaches and was done through an iterative process of case study research. Thus, 

during the research process, I moved back and forth between theory and empirical 

investigation, which allowed for simultaneous theory development and data 

collection to take place (Eisenhardt 2021; Neergaard & Ulhøi 2007). Thus, the 

analysis was not purely empirically driven, as is the case in grounded theory building 

(Charmaz 2006, 2014), but was instead conducted through an iterative process that 

built on what was known from the previous literature and what could be learned from 

the empirical data at hand (Eisenhardt 1989, 2021; Eisenhardt & Graebner 2007). 

This section describes how the analysis was implemented in this study.  

 

To begin with, the interview guides were informed by theoretical constructs already 

present in existing theories; thus, the questions asked were oriented toward 

identifying the empirical measures that operationalize the theoretical constructs 

(Eisenhardt 1989, 2021). However, as this research aims at theory building and not 

theory testing, it was important to give special attention to the empirical data in 

relation to the concepts and theoretical framework. This aim had implications 

regarding how I displayed the empirical data and how I conducted the empirical 

analysis. As the data collection rendered large amounts of rich data, I wanted to show 

this richness by using lengthy informative quotes, which also contributed to the 

transparency and trustworthiness of my research. I decided to follow this approach 

in Chapter 5, where I present lengthy quotes describing how each of the 15 firm-

employed PhD students in this study obtained their position.  

 

I found this approach to be especially useful in Chapter 5, because our knowledge in 

relation to how early-stage career scientists enter into academic engagement is 

limited. Thus, Chapter 5 differed from Chapter 4 and Chapter 7 in regard to the level 

of theoretical conceptualization I was able to do before starting the data collection. 
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Given the situation, I found the lengthy and rich quotes to be appropriate to use in 

Chapter 5. I used a different approach to present the empirical data in Chapters 4 and 

7, where I was able to develop my conceptual perception to a much higher degree 

before starting the data collection. In Chapter 4, I present shorter quotes, specifically 

to demonstrate the micro-level activities these firm-employed PhD students do 

during their research education. Similarly, in Chapter 7, I use shorter quotes to show 

the existence (or non-existence) of predefined and emerging outcomes related to the 

direct and indirect pathway of innovation. 

 

The analysis of the empirical material was conducted through the following 

procedures, relative to the concepts. First, transcripts of the interviews were imported 

to the software Nvivo. Once imported, each interview was analyzed and coded with 

informant-centric phrasing to emphasize the experience of the individual informant. 

Once the case-by-case coding and analysis was done, I moved on to cross-case 

analysis (Eisenhardt 1989; Eisenhardt 2021; Eisenhardt & Graebner 2007)—for 

example, to analyze the degree of structural facilitation in which these firm-

employed PhD students operate in Chapter 4 and to distinguish between three 

scenarios through which the students obtained their position in Chapter 5. In regard 

to coding, I coded phrases or chunks of text instead of conducting line-by-line coding 

for the first-order codes. The Nvivo codes were labeled in either Swedish or English 

depending on the language of the transcript, in order to keep the individual voice as 

alive as possible (Saldaña 2016; Tracy 2010). Next, these codes were grouped into 

higher level codes, aggregating the lengthy informant-centric codes into short-named 

second-order codes. These codes were driven by the empirical data; however, some 

codes could be matched with theoretical constructs that had been previously 

identified in the existing literature, while others formed new constructs that were 

added to the analysis. In the next step, the second-order codes were aggregated into 

third-order codes, which were then categorized according to the main themes that 

had previously been identified in the existing literature. On the next pages, I visualize 
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the coding structures for Chapter 4, 5, and 7. Figure 3.2 provides an overview of my 

coding in analyzing the research education of the firm-employed PhD students, 

specifically identifying the two collaborative dimensions of university activities and 

firm activities.  
Figure 3.2 Overview of the coding structure when analyzing the research education of firm-employed PhD students. 
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On the left-hand side of Figure 3.2, examples of the first-order codes are visualized. 

These codes are purely based on the empirical material, while the second-order codes 

(middle of Figure 3.2) are influenced by both exiting theory and new constructs 

emerging from the empirical analysis. That is, the second-order codes with a grey 

background in Figure 3.2 were developed based solely on the empirical material, 

while items with a white background utilize already exiting theoretical constructs 

identified in the previous literature. Similarly, the third-order codes (right-hand side 

of Figure 3.2) include both theory and empirically based constructs, where grey 

background indicates that the codes are purely derived from the empirical material. 

 

Figure 3.3 visualizes the coding structure for Chapter 5 when analyzing why 

individuals become firm-employed PhD students (i.e., their motivation), while 

Figure 3.4 visualizes the coding structure for Chapter 7 when analyzing how firm-

employed PhD students contribute to firms’ absorptive capacity through direct and 

indirect pathways to innovation. Similar to the analysis for Chapter 4, the first-order 

codes are visualized on the left-hand side in Figures 3.3 and 3.4, while the second-

order codes are in the middle and the third-order codes are to the far right. The first-

order codes are purely based on the empirical material, while the second- and third- 

order codes may also be inspired by theoretical constructs. A grey background 

denotes items that are purely derived from the empirical material.  
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Figure 3.3 Overview of the coding structure when analyzing why individuals become firm-employed PhD students. 
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Figure 3.4 Overview of coding structure when analyzing contributions to firms’ absorptive capacity.  
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The PhD student interviews constitute the backbone of the data for the analysis, while 

the supervisor interviews were used to confirm the students’ statements through 

triangulation, provide an additional perspective, and sometimes give information on 

more specific areas of interest—for instance, regarding the contributions and 

research education of the firm-employed students that are analyzed in Chapters 4 and 

7. The analysis and coding of the supervisors’ and firm managers’ transcripts 

followed the same procedures described above; however, I did not conduct an 

analysis of each entire interview. Instead, I focused on certain parts of the interviews 

in which the interviewees shared their experiences with specific areas relevant for 

achieving the purpose of this PhD dissertation. 

 

3.4 Limitations of the methodology: Reflecting on the research process 
This section discusses the limitations of the qualitative research, what has been done 

to mitigate these possible problems, and reflections on the validity and reliability of 

the conducted research.  

 

My overall research design of a multiple case study exemplifies practices that 

strengthen construct validity, internal validity, and external validity. For construct 

validity, my study explores academic engagement through firm-employed PhD 

students, and I explore the focal phenomenon using appropriate methods in 

combination with theory-based expectations of how different constructs might be 

linked or related. Internal validity is achieved through data triangulation, in terms of 

both acquiring different perspectives from informants and data sources and 

developing logical theoretical arguments that focus on clarifying why certain 

relationships between constructs are likely to be present. Thus, the credibility of this 

research is considered to be high. Finally, the external validity reflects whether or 

not the findings can be applied elsewhere. The aim here has not been to provide a 

generalizable result that can apply to all PhD students conducting academic 

engagement with industry. Instead, this research proposes a framework of how 
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antecedents and consequences might be interlinked with regard to firm-employed 

PhD students within electrical engineering at a single university in Sweden. The 

findings could potentially be applicable to other fields of engineering, other 

universities, and other countries. However, the closest similarity would be other 

departments in Sweden that also educate firm-employed PhD students within 

electrical engineering under similar circumstances. To determine the generalizability 

of these findings to other settings, the proposed framework should be tested in fields 

other than electrical engineering and should include a larger set of individuals—for 

instance, all firm-employed PhD students in Sweden or across multiple countries.  

 

In this research, the reliability of the qualitative data analysis is assured through my 

process, as described in previous sections. In particular, I would like to stress the 

aspects of being transparent with the data collection (Goffin et al. 2019), 

incorporating in the analysis the practice of constantly comparing theory and data 

(Glaser and Strauss, 1967), and utilizing replication logic (Yin 1984) and cross-case 

analysis (Eisenhardt 2021). As described above, my data gathering and analysis 

proceeded in tandem, as the interviews were conducted over several years, making it 

possible to test the interpretation of the data in between the waves of data collection. 

Inter-coder agreement can strengthen the reliability of a study (Barratt et al. 2011; 

Benbasat et al. 1987; Eisenhardt, 1989); however, this was not a formalized element 

of my independent PhD dissertation. Nevertheless, interpretation of results among 

co-authors was conducted for the conference papers. Moreover, my empirical 

findings and theoretical developments were scrutinized during several informal 

conversations, conferences, and workshops by academic peers and the informants, 

as described in the sections above. 

 

My main study is qualitative, involving multiple case studies of firm-employed PhD 

students. For the validity of qualitative research, several criteria can strengthen a 

study to produce results that are accurate for the investigated cases (Goffin et al. 
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2019). In the research conducted here, validity was assured through a systematic 

process. As detailed in previous sections, I worked to ensure validity through a series 

of steps: selecting the focal phenomenon through theoretical sampling (Eisenhardt 

1989, 2021), including pilot interviews and a pilot study of the bibliometric analysis 

(Dubé & Paré 2003), including an iterative analysis process and data triangulation 

(Yin 2009; Benbasat et al. 1987; Eisenhardt 1989, 2021), reviewing and validating 

the evidence (Goffin et al. 2019) with the informants and fellow researchers, and 

providing a comprehensive case presentation and case interpretation (Goffin et al. 

2019). Furthermore, the monograph format made it possible for me to thoroughly 

define and describe the empirical context in which the focal phenomenon is situated, 

as is done in Chapter 4. Moreover, the extended quotes and associated analysis in 

Chapter 5 provide deep descriptions of how and why all 15 firm-employed PhD 

students obtained their position and what motivated them to enter into academic 

engagement with industry in this particular way. In the analysis process, data 

collection and analysis were iterative, in that they were developed in parallel. Thus, 

just as theory informed the case selection and interview guide, the empirical material 

influenced new constructs and the search for additional theoretical concepts to 

identify a trustworthy explanation of the phenomenon under study.  

 

As mentioned earlier, participating in conferences and workshops was very helpful 

in testing my different interpretations of the empirical material, allowing me to 

theoretically situate my results. On the next pages, the conferences and workshops I 

participated in are presented in Table 3.6. 
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Table 3.6 Conferences and workshops that enabled me to theoretically situate my empirical results. 

Year Event Author(s) Title  

2022 DRUID 2022 

Conference, Denmark  

 

K. Berg & 

M. McKelvey 

How individual antecedents influence graduate 

students’ mode of entry into collaborative PhD 

Projects in electrical engineering. 

 

2021 Eu-SPRI 2021 

Conference, Norway  

 

K. Berg & 

M. McKelvey 

Graduate students as boundary spanners: How 

academic engagement can influence firm innovation.  

2021 IE/Kassel Workshop: 

Doctoral Education and 

the Private Sector: 

European Perspectives, 

Germany 

K. Berg & 

M. McKelvey 

Exploring dual-affiliated PhD students as boundary 

spanners in academic engagement: A qualitative study 

within electrical engineering in a university in Sweden. 

 

2020 Academy of Management 

Annual Meeting, Canada 

K. Berg & 

M. McKelvey 

Graduate students as boundary spanners: How 

academic engagement can influence firm innovation.  

 

2019 DRUID Conference, 

Denmark 

K. Berg & 

M. McKelvey 

How academic engagement through graduate students 

can affect firms’ search capability for innovation: A 

micro-level analysis of firm-employed PhD students in 

engineering.  

 

2019 IE Workshop: Graduate 

Education & Its Use in 

Science and Business: 

European 

Perspectives, Sweden 

 

K. Berg & 

M. McKelvey 

How academic engagement through graduate students 

can affect firms’ search capability for innovation: A 

micro-level analysis of firm-employed PhD students in 

engineering. 

 

2019 Chalmers 4th Annual 

AOM Paper 

Development Workshop, 

Sweden 

 

K. Berg & 

M. McKelvey 

How academic engagement through graduate students 

can affect firms’ search capability for innovation: A 

micro-level analysis of firm-employed PhD students in 

engineering. 

 

2018 DRUID Academy, 

Denmark 

K. Berg Industrial PhD students—A means for developing 

capability for innovation?  

 

2018 21st Uddevalla 

Symposium 2018, 

Sweden  

K. Berg How academic engagement can influence firm 

innovation: The perspective of industrial PhD students 

in engineering.  
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2018 IE Workshop: 

Universities and 

Innovation, Sweden 

 

K. Berg How academic engagement can influence firm 

innovation: Industrial PhD students in engineering. 

2018 EI Economics of Science 

& Innovation: A PhD 

workshop, Sweden 

 

K. Berg Academic engagement and firm innovation: The 

creation of knowledge, technologies, and capabilities.  

 

2015 16th CiNet PhD 

Workshop and 

Conference, Sweden 

K. Berg Improving innovation capabilities within the firm: A 

mixed-method case study.  

  

I sent two of these conference papers—those for the 21st Uddevalla Symposium 

2018 and the Academy of Management Annual Meeting 2020—to the informants, 

which helped me obtain member reflection (Tracy 2010). In some interviews, such 

as those with the two firm managers responsible for the firm-level PhD programs, 

preliminary research results were presented and discussed to identify potential 

misunderstandings or incorrect conclusions. Hence, the analysis process allowed me 

to test and justify my findings with peers within academia and the informants 

included in this study.  

 

The triangulation of data also contributed to increasing the validity of the research. 

For instance, interviewing the academic and industrial supervisors was useful in 

strengthening the trustworthiness of the firm-employed PhD student’s statements, 

while yielding valuable insights from perspectives other than those of the individual 

PhD students. Preferably, all supervisors would have been interviewed; however, the 

data at hand was valuable for getting an in-depth understanding of the contexts, 

processes, and impacts of the focal phenomenon. Interviewing the managers of the 

firm-level PhD programs at Firm A and Firm G helped to improve my understanding 

of the firm perspective with regard to the facilitation and expected outcomes of firm-

employed PhD students. Therefore, even though not all supervisors were 
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interviewed, I am certain that theoretical saturation (Eisenhardt 1989) has been 

achieved.  
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91 

4 Defining and describing firm-employed PhD 

students  

4.1 Introduction  
This chapter investigates Research Question 1: 

 

Within the Swedish context of engineering, how can the research education and 

activities of firm-employed PhD students be defined and described? 

 

In this chapter, the institutional and organizational context of the focal phenomenon 

of this study is explained, in order to investigate how this context may shape the 

research education. It should be noted that I focus on the research education and 

activities related to the focal phenomenon here and do not explicitly distinguish 

between the formation and execution phases of academic engagement with industry. 

The formation and execution phases are addressed in detail in Chapters 5 and 7.  

 

My aim for this chapter is to provide insights into the following:  

• Defining firm-employed PhD students in engineering in Sweden  

• Describing the organizational context of The University and the collaborating 

firms  

• Characterizing the activities included in the research education of the firm-

employed students 

 

As discussed in Chapters 1 and 2, the previous literature has identified heterogeneity 

in the conditions for PhD student-firm collaborations, as well as differences between 

nations (Thune 2009, Borrell-Damien et al. 2010). Furthermore, there is no single 

approach that can be interpreted as the “best practice” for this form of academic 
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engagement with industry. Instead, according to one scholar (Borrell-Damian et al. 

2010), successful approaches to collaboration through graduate students incorporate 

local or regional cultural specificities, build trust through professional standards of 

research collaboration, and develop the “soft” part of the relationship (to create easy 

opportunities for meeting and one-on-one dialogue). Therefore, my in-depth 

exploration of the empirical context is warranted.  

 

This chapter is structured as follows. Section 4.2 examines in more depth the 

theoretical discussion of the concepts relevant for antecedents that was initiated in 

Chapter 2. This is done to provide a theoretical explanation of what the previous 

literature has identified as the most important aspects of academic engagement and 

student-firm collaboration in relation to antecedents at the institutional and 

organizational levels.2 These concepts are used to structure my overview of the 

institutional and organizational context, as represented in Figure 4.1 at the end of this 

section.  

 

Section 4.3 presents the institutional setting in Sweden connected to electrical 

engineering and PhD education, while Section 4.4 displays the organizational context 

regarding the characteristics of the university and of the six firms included in this 

study. Section 4.5 provides an overview of how firm-employed PhD students pursue 

their research education, including micro-level activities relevant to their work at 

both the university and the firm. In Section 4.6, I discuss what defines a firm-

employed PhD student in the Swedish context and outline dimensions of diversity in 

the organizational context of the university and the involved firms. For the latter, I 

argue that the diversity in the facilitation of these PhD students at the firm level can 

be analyzed in terms of the degree of structured facilitation, as most of the firm-

employed PhD students in this study entered into an industrial environment 

characterized by high levels of structured facilitation. I also discuss the 

 
2 Antecedents at the individual level are analyzed in Chapter 5. 



 
  

93 

characteristics of the research education of these firm-employed PhD students, which 

primarily focuses on university activities as compared with firm activities. The 

former activities include writing an independent thesis, taking courses, producing 

scientific documents, participating in academic conferences and other micro-level 

activities. As these students are employed by the firm, they are structurally placed 

(Borrell-Damian et al. 2010) at the firm during their research education and therefore 

interact with the firm as well, through micro-level activities. Section 4.7 concludes 

with the key findings of this chapter. At the end, I propose a revised conceptual 

framework that includes the institutional and organizational context, as well as the 

characteristics of the research education of this form of academic engagement with 

industry.  

 

4.2 Theoretical considerations 
 

4.2.1 Institutional and organizational context 

This section returns to the theoretical considerations introduced in Chapter 2, in order 

to specifically focus on the antecedents related to the institutional and organizational 

context. I recognize that the previous literature has identified many different levels 

and types of variables that may impact academic engagement: The institutional 

context, the organizational and relational context, and individual characteristics have 

all been identified as important in shaping and influencing how, why, and when 

scientists pursue academic engagement with industry (Perkmann et al. 2013, 2021). 

Much previous research has focused on the empirical context in North America and 

Europe (Perkmann et al. 2021). This chapter focuses on the institutional and 

organizational levels, as well as on the research education of these firm-employed 

students in Europe.  

 

The institutional context includes characteristics related to scientific discipline 

(Hughes & Kitson 2012; Abreu & Grinevich 2013; Thursby & Thursby 2011), 
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national regulations, and public policies. Here, the institutional context refers to firm-

employed PhD students within engineering in Sweden. Hence, my first aim is to 

define firm-employed PhD students in engineering in Sweden. 

 

Regarding organizational context, the academic engagement literature is primarily 

concerned with the antecedents explaining why scientists’ and universities’ are 

interested in interacting with firms. Existing research on this perspective include the 

quality of the institution (Johnson et al. 2017; Libaers 2014; Schuelke-Leech 2013; 

D’este & Patel 2007; Ponomariov 2007), incentives for commercialization (Halilem 

et al. 2017; Huyghe & Knockaert 2015; Abreu & Grinevich 2013); and designed 

organizational contexts (Dolean et al. 2019). In addition, peer effects at the individual 

and departmental level have been identified as positively influencing the pursuit of 

academic engagement with industry (Perkmann et al. 2021). To be clear, the present 

study does not specifically address the quality, incentives for commercialization, 

designed contexts, or peer effects of The University. Instead, my second aim is to 

describe the organizational context of The University and the collaborating firms. 

 

4.2.2 The research education of firm-employed students 

My third aim is to characterize the activities included in the research education of 

these firm-employed PhD students. In terms of collaboration characteristics, the 

previous literature has found that PhD student-firm collaboration is a heterogeneous 

phenomenon (Thune 2009; Borrell-Damian et al. 2010) in several relevant 

dimensions. Based on the literature, I chose the following dimensions as the most 

important ones for my empirical context: scientific contribution, legal status, 

supervision and communication, and structural placement.  

 

As a starting point, scientific excellence in research is relevant to the present 

research, as it has been identified as a hallmark for successful collaboration in PhD 

student-firm collaborations (Borrell-Damian et al. 2010). However, the existing 
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literature debates whether or not industrial involvement in science has a diminishing 

effect on scientific direction, rate, and quality (Perkmann et al. 2021). Research 

specifically addressing collaborative PhD projects indicates that collaborative PhD 

projects at the Eindhoven University of Technology outperformed non-collaborative 

projects in publications and patents (Salimi et al. 2015), and that collaborative 

disciplines in Quebec enabled PhD students to be more involved in peer-reviewed 

publications (Larivère 2012). Based on this literature, I include scientific 

contribution as one of the dimensions I will explore when characterizing the 

activities of firm-employed PhD students.  

  

The next dimension is a recognition that several different types of legal status 

(Borrell-Damian et al. 2010) and organizational arrangements (Thune 2009) for 

graduate student-industry collaboration exist. Examples include scholarships versus 

employment, as well as various differences in the terms of contractual and non-

contractual arrangements. It has been suggested that such differences in legal status 

and organizational arrangements affect the level of interaction and resource exchange 

in a collaboration (Gemme & Gringas 2004). Moreover, variation in how supervision 

and communication are handled in the collaboration may affect the outcomes of the 

project (Butcher & Jeffrey 2007; Salimi et al. 2016; Borrell-Damian et al. 2010). 

Finally, the dimension of structural placement at the firm is highly important yet 

varies widely in these collaborations with regard to location, duration, the role of the 

firm, and the student’s role in the firm (Borrell-Damian et al. 2010). Structural 

placement is defined as “a period of time spent in industrial premises as an integral 

part of the candidate education” (Borrell-Damian et al. 2010: 501).  

 

To sum up, the collaboration characteristics that I will explore for the research 

education of firm-employed students are connected to scientific contribution, the 

legal status of the PhD student, supervision and communication, and structural 
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placement. These characteristics will therefore be explored in Section 4.5 in my PhD 

dissertation. 

 

4.2.3 Summary of theoretical expectations 

My initial understanding of how to define and describe the research education and 

activities of firm-employed PhD students in the Swedish context of engineering is 

presented in Figure 4.1, which is based on the framework developed by Perkmann et 

al. (2021) and gives an overview of the institutional and organizational constructs 

that are especially useful for this chapter.3 I have modified the framework to be 

relevant for my empirical context. 

 
Figure 4.1 Institutional and organizational contexts, and the research education. 

  
 

Figure 4.1 summarizes the key dimensions through which I study my defined form 

of academic engagement with industry through firm-employed PhD students. By 

examining the empirical material through the lens of these dimensions, I will be able 

to fulfill my three aims of 1) defining firm-employed PhD students in engineering in 

Sweden, 2) describing the organizational context of The University and the 

collaborating firms, and 3) characterizing the activities included in the research 

education of these firm-employed students. As a whole, this chapter aims to define 

 
3 Note that the individual characteristics and consequences of this form of academic engagement will be investigated 
later, in Chapters 5, 6, and 7; therefore, these elements are not included in Figure 4.1. 



 
  

97 

the PhD students under study. The second aim is represented by the top level in 

Figure 4.1—namely, the institutional context, consisting of engineering in Sweden, 

and the organizational context, represented by The University and by the diversity of 

the collaborating firms. The third aim of characterizing the activities and processes 

corresponds to the lower box in Figure 4.1. Because previous research suggests that 

there is no “best practice” for PhD student-firm collaboration, I have added specific 

dimensions to explore: scientific contribution, legal status, supervision and 

communication, and structural placement at the firm. I consider these dimensions 

important to explore in terms of how they may facilitate these projects.  

 

4.3 Institutional context in Sweden 
This subsection explores the top left-hand box in Figure 4.1 and focuses on the 

specific institutional context of Sweden, starting with an overview of the national 

context for higher education, followed by relevant aspects of engineering and firm-

employed PhD students. 

 

4.3.1 Sweden 

In Sweden, there are currently 16 universities, 13 university colleges, five art-related 

colleges, and 14 other private higher education institutions (HEI). Historically, the 

main difference between universities and university colleges has been that only the 

former were allowed to educate and graduate doctoral students. In recent years, 

however, this distinction has changed, and university colleges can educate and 

graduate PhD students. In 2008, the Swedish government took further action to 

enable more HEIs to provide a PhD education by passing a reform based on the 

proposition Forskarutbildning med profilering och kvalitet (prop. 2008/09:134). 

This reform a) continued to support universities to grant PhDs degrees in all research 

areas, b) enabled university colleges and other HEIs to apply for the right to graduate 

PhD students within a certain research area, and c) enabled all HEIs to apply for the 

right to grant an art-related PhD degree within a certain research area. The university 
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colleges and other HEIs have acted on this proposition and applied for the right to 

grant PhD degrees since January 1, 2010. Due to such reforms, all state-owned HEIs, 

except for three art schools, can grant PhD degrees. Four other HEIs are also allowed 

to grant PhD degrees (UKÄ 2021a). Thus, the reform in 2008 was successful in 

increasing the number of institutions (that are not universities) that can grant PhD 

degrees. Table 4.1 summarizes the institutions that provide higher education in 

Sweden and indicates which of these are entitled to grant PhD degrees. 
Table 4.1 Universities, university colleges, art university colleges, and other private HEIs providing higher education 

in Sweden (UKÄ 2021a). 

 Universities**  University colleges * Art university colleges  Other private HEIs  

1 Karolinska Institute 
 

Blekinge Institute of 
Technology 

Royal College of Music 
in Stockholm  

University College of Music 
Education in Stockholm 

2 University of 
Gothenburg 

Swedish Defense 
University 

Royal Institute of Art The Red Cross University 
College 

3 Stockholm School of 
Economics 

The Swedish School of 
Sport and Health 
Sciences 

University of Arts, 
Crafts, and Design 
(Konstfack) 

Sophiahemmet University* 

4 Royal Institute of 
Technology  

Dalarna University 
College 

Beckmans College of 
Design 

The Newman Institute 
University College 

5 Chalmers University 
of Technology 

University of Borås Stockholm University 
of the Arts* 

Gammelkroppa skogsskola 

6 Stockholm 
University  

University of Gävle  Evidens University College 
 

7 Linköping 
University 

Halmstad University 
College 

 Skandinaviens Akademi för 
Psykoterapiutveckling 

8 Linné University Skövde University 
College 

 Johannelund Theological 
Seminary 

9 Luleå University of 
Technology 

Kristianstad University 
College 

 Svenska institutet för kognitiv 
psykoterapi 

10 Lund University University West  Ersta Sköndal University 
College* 

11 Mid Sweden 
University 

Jönköping University  The Erica Foundation 

12 Karlstad university Södertörn University  Örebro School of Theology 

13 Swedish University 
of Agriculture 

Mälardalens University 
College 

 Brunnsvik folkögskola 

14 Umeå University   University College Stockholm* 

15 Örebro University    

16 Uppsala University    
*Entitled to grant PhD degrees in at least one research area. 

**Entitled to grant PhD degrees in all research areas. 

4.3.2 PhD education in Sweden 

PhD education in Sweden is reasonably standardized in terms of overall requirements 

across these different HEIs. PhD students in Sweden are enrolled into a 4-year 
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education program. These programs are specified in terms of 240 HEC modules; they 

also include requirements to take course credits and write an independent thesis. 

Departmental duties, including teaching duties, may be assigned to the student; 

however, no more than 20% total over the education, which may in turn be used to 

prolong the education up to one year.  

 

In the autumn of 2020, a total of 17 140 individuals were registered as active PhD 

students in Sweden, of which 8540 were females and 8600 were males (Statistics 

Sweden & UKÄ 2021). The rate of PhD students that finalize their education within 

5 years has increased over the years, from 18% of all PhD students beginning in 1985 

to 47% of those beginning in 2010. Furthermore, of the PhD students that began their 

PhD education in 2010, 75% have graduated within 8 years, compared with 40% of 

the students that began in 1985 (Statistics Sweden & UKÄ 2021). Lund University 

has the most PhD students, with close to 2500, followed by Karolinska Institute and 

Uppsala University. There has been a steady increase in firm-employed PhD students 

since 2002 (UKÄ 2021b), when Statistics Sweden started to register this specific 

category of PhD students. In 2020, just under 1000 individuals were enrolled as firm-

employed PhD students in Sweden (Statistics Sweden & UKÄ 2021). 

 

In Sweden, PhD students pursuing their graduate education are likely to obtain 

various types of subsidies and/or employment. Eight different income sources for 

PhD studies can be obtained (Statistics Sweden & UKÄ 2021), the most common of 

which is to be employed by the university (DTJ). In 2020, 69% of all PhD students 

were employed in this way (Statistics Sweden & UKÄ 2021). Such students are 

denoted as university-employed PhD students in my PhD dissertation. Another 26% 

of all PhD students have various employment arrangements, such as stipends, jobs 

as medical doctors, and employment in organizations others than universities and 

firms. The remaining 5% of the doctoral students in Sweden are employed by a firm 

and conduct PhD studies within their employment (FTG); here, I denote such 
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students as firm-employed PhD students. Table 4.2 displays Sweden Statistics’ 

definition and abbreviation of each type of income source, along their denotations in 

this PhD dissertation. 
  

Table 4.2 Different types of PhD students: Denotation, definition, and abbreviation of income sources for PhD 
studies in Sweden. 

Denotation in this 

PhD dissertation 

Abbreviation (Statistics 

Sweden & UKÄ 2021)  

Definition (Statistics Sweden & UKÄ 2021) 

University-

employed PhD 

student 

DTJ Doctoral studentship at a higher education institution 

irrespective of how the post is funded 

Firm-employed 

PhD student 

FTG Externally employed third-cycle student; i.e., a third-cycle 

student employed by a company (and paid by the company) 

who pursues third-cycle studies as part of this paid 

employment. Companies include joint-stock company, 

partnership, limited partnership, and sole trader. Employment 

within a HEI that is funded by a company is not reported 

here but under another appropriate form of income 

Other PhD students HTJ, UBB, USL, AUH, 

STP, ÖVR 

See Section 6.2.1 in Chapter 6 for full definitions 

 

This PhD dissertation focuses on firm-employed PhD students, which are PhD 

students who a) are employed by a firm while pursuing PhD studies and b) receive 

their whole salary from the firm. Similar types of PhD students may be called 

industrial, societal, dual-affiliation, or sponsored PhD students, both in Sweden and 

in other national institutional contexts.  

 

4.3.3 Firm-employed PhD students in engineering in Sweden 

Firm-employed PhD students are more common in the engineering and technology 

fields than in other fields; 13% of firm-employed PhD students are employed by 

firms in engineering, followed by agricultural sciences and veterinarian medicine, 

where 11% are employed by firms. Table 4.3 illustrates the difference in income 

sources for different research areas in 2020 (Statistics Sweden & UKÄ 2021). 
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Table 4.3 Active PhD students and their income sources per research area in 2020 (author’s compilation based on 
Statistics Sweden & UKÄ 2021). 

Research area Number of 

active PhD 

students * 

University-

employed PhD 

students (DTJ) (%) 

Firm-employed 

PhD students 

(FTG) (%) 

Other income 

sources (HTJ, 

UBB, USL, AUH, 

STP, ÖVR) 

All 17 140 69 5 26 

Natural sciences 3780 84 5 11 

Engineering and technology 3380 76 13 11 

Medicine and health sciences 5770 48 2 51** 

Agricultural sciences and 

veterinarian medicine 

300 73 11 16 

Social sciences 2840 71 3 26 

Humanities and arts 1080 77 1 22 

*In autumn of 2020, rounded to nearest 10s. 

**28% of this number correspond to income source of USL (physician or other healthcare professional). 

 

In summary, this subsection explored the institutional context, corresponding to the 

top right-hand box in Figure 4.1. Sweden represents a fairly homogeneous 

institutional context. I have found that all PhD students enrolled in Sweden are 

subject to the same regulations relative to their degree. Moreover, Sweden has a large 

number of HEIs with the right to grant PhD degrees, which has increased in recent 

years. Within engineering and technology, firm-employed PhD students are 

relatively more common than in other disciplines (13% of all PhD students within 

engineering and technology). Many different forms of income support are available 

for PhD students. However, within the same PhD program, all types of PhD students 

face the same requirements in terms of course work and PhD dissertation, even if 

they have different income sources. 

 

4.4 Organizational context  
This subsection explores the organizational context (the top right box in Figure 4.1) 

and provides details on the organizations found on both sides of academic 

engagement—namely, The University and the six firms involved. 
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4.4.1 The University 

All the firm-employed PhD students analyzed in this study pursue their PhD 

education within electrical engineering at The University. The University is one of 

the largest technical universities in Sweden; in 2020, it hosted close to 1200 PhD 

students in all disciplines, of which 16% are firm-employed PhD students. In the 

engineering and technology fields at this university, 18% of the PhD students were 

employed by a firm in 2020.4  

 

In order to be accepted into a degree program as a firm-employed PhD student, The 

University has set a number of conditions that must be met. These are related to study 

pace (>50%), supervision criteria (two or more researchers at the University), and 

teaching (max 20%, which can be replaced with work at the firm). The electrical 

engineering department at The University includes several sub-areas, of which the 

four largest are represented by the students in this thesis: signal processing and 

systems, biomedical engineering, electrical power engineering, and communication 

systems.  

 

4.4.2 Collaborating firms 

This subsection examines the firm side of the organizational context—more 

specifically, the characteristics of the collaborating firms. Relevant characteristics 

include their technological and industrial specialization, a brief description of how 

many PhD students they host, and how they manage the PhD students within the 

firm. Each firm is described in turn, followed by Table 4.4, which summarizes the 

firms’ characteristics. 

 

 

 

 
4 Note that PhD students that are included in different forms of formalized co-operation agreement but that are 
entirely or partly on leave from their employment at the firm are not defined as firm-employed PhD students in this 
study, although this group of students also exists at The University. 
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Firm A 

Firm A is a fairly new organization within the field of machine learning, created as 

a joint spin-off by Firm G and another firm. In recent years, the organization has 

been reorganized and renamed a number of times, as the ownership has changed. 

Regardless of organizational reformations, this organization is referred to as Firm A 

throughout this entire PhD dissertation. In this study, seven PhD students are 

employed by Firm A, although six of started doing their PhD studies within other 

firms and were later transferred to Firm A. To facilitate firm-employed PhD students, 

Firm A has a firm-level PhD program, and all except one of the PhD students 

(Gabriel) have an industrial supervisor. All of the industrial supervisors have a PhD 

degree.  

 

Firm C 

Firm C is a large multinational organization in telecommunications. In this study, 

Firm C accounts for one PhD student (Daniel). The firm does not have a firm-level 

PhD program but provides an industrial supervisor with a PhD degree. Collaboration 

with the university sector is common; however, firm-employed PhD students are not 

the most common form of collaboration, although they exist. 

 

Firm D 

Firm D is a large multinational organization in the transportation and construction 

equipment industry and accounts for one PhD student (Oliver) in this study. Firm D 

has no firm-level PhD program, and Oliver does not have an industrial supervisor; 

however, his manager has a PhD degree and is used to working with PhD students.  

 

Firm E 

Firm E is a small firm within the biomedical industry, which was founded over 10 

years ago by researchers at the electrical engineering department at The University. 

Firm E accounts for one PhD student in this study, Ivar, who is Firm E’s first 
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employed PhD student. Firm E does not have a firm-level PhD program but provides 

an industrial supervisor with a PhD degree. 

 

Firm F 

Firm F is a small firm in the biomedical industry, which was founded over 10 years 

ago by researchers in medicine and physics. Firm F accounts for one PhD student in 

this study: James, who is Firm E’s second employed PhD student. Firm F does not 

have a firm-level PhD program. James’ industrial supervisor is also his academic 

supervisor, and the supervisor was previously a firm-employed PhD at Firm F (has a 

PhD degree).  

 

Firm G 

Firm G is a large multinational organization in the automotive industry. Firm G 

accounts for four of the PhD students in this study. It has a firm-level PhD program 

and provides industrial supervisors (with a PhD degree) for all four PhD students. In 

Firm G, collaborating with The University through firm-employed PhD students is 

common, and the firm aims at having around 30–35 active projects at any given time.  

 
Table 4.4 Summary of collaborating firms. 

Firm Industry Size Employees 

2019 

Firm-level 

PhD program 

Firm-employed 

PhD students*  

Firm A Machine learning Medium <500  Yes 7 

Firm C Telecom Multinational >30 000  No 1 

Firm D Transportation/construction 

equipment 

Multinational >30 000  
 

No 1 

Firm E Biomedical Small <20  No 1 

Firm F Biomedical Small <20 No 1 

Firm G Automotive Multinational >30 000  Yes 4 

*Included in this study 

 

In summary, this subsection showed that The University has a higher percentage of 

firm-employed PhD students than the national average, and that different types of 
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firms are involved in hosting the PhD students. Moreover, Table 4.4 displays the 

diversity among the firms in terms of industry and firm size. It also shows whether 

or not the firm has a firm-level PhD program and lists the number of PhD students 

employed at each that are included within this study. 

 

4.5 Research education of firm-employed students 
This subsection explores the research education of the firm-employed PhD students 

(the bottom box in Figure 4.1). During their research education, these individuals 

interact with both The University and the firm through a range of different micro-

level activities. These students primarily interact with The University by taking 

course credits, teaching, attending meetings, and co-authoring papers. They also 

participate in academic conferences, exchanges, and trips with and to other 

universities and in informal talks and discussions with colleagues at The University. 

The students interact with the firms through meetings, presentations, reports, firm-

level PhD program activities, papers and publications, patents, conferences 

organized by the firms, informal talks and discussions with colleagues at the firm, 

exchanges and trips to other offices and firms, fairs, and exhibitions. The frequency 

of these activities vary across the PhD students; illustrative quotes describing what 

the students do at The University and the firm are displayed in Table 4.5. A more 

detailed description of each activity is provided in Appendix D. 
 

 Table 4.5 Interaction activities that firm-employed PhD students participate in. 

Interaction 
activity 

Frequency 
(all=15) 

Illustrative quotes 

Meeting* 15/15 A. “It’s very ad hoc on the industry side. We meet both at work and talk, but 
also when we do these plans to decide what is strategically important and 
what to include in the project, and so on. With the academic supervisor, we 
have meetings on a regular basis.” 

B. “Yes, so, there are, like, routine meetings [at the firm], like, weekly meetings 
from the groups.” 

C. “We also have these group technical meetings at Firm G, […] where you 
present all technical advancements, within the local group.” 
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*Two of the firm-employed PhD students do not have an industrial supervisor and therefore do not attend supervision 

meetings at the firm. 

 

In order to better understand what these PhD students do during their research 

education, I have distinguished between university activities and firm activities. The 

following sections provide a more detailed description of what these two categories 

of work may entail.  

 

Informal talks and 
discussions with 
colleagues at The 
University and 
firm 
 

15/15 [Informal interaction] “It’s the most important, yes. So, you can get specific 
questions, like, ‘Are you familiar with this stuff?’ or ‘How would you approach 
this problem based on what you are doing?’; I think that’s really important.” 

Papers and 
publications 
 

15/15 A. “When I publish academic articles, it’s been, eh, so, the methods I use are 
known, but the application have been novel.” 

B. “I must publish.” 
 

Academic 
conferences 

15/15 “Yes, absolutely [The University wants David to go to conferences], eh, and also, 
Firm C wishes for that. I mean, it's a very good opportunity to make your research 
visible, eh, so, yes, I already participated in a number of conferences and also 
have a few more scheduled.” 
 

Presentation 14/15 “Several times a year, I present my latest research results; it’s fun, as well. Then 
you really get a response from the firm.” 
 

Conferences 
 

13/15 “And, of course, the […] annual conference that we do every year, and that’s at 
the firm, open to all employees.” 
 

Firm-level 
coordination of 
firm-employed 
PhD students 
 

11/15 “Yes, they have a program for that, for [firm-employed] PhD students […] it was 
quite fun, because you learned what the other [firm-employed] PhD students 
were working on, it was all kinds of things.” 

Fairs and 
exhibitions  

7/15 “Usually, at those fairs or that kind, I don’t just present what I do, I also present 
‘this is the firm and we do this’ and the, eh, for the technical parts, I might give 
some examples from my own work, but it can also be other things from the firm 
that are available.” 
 

Reports 4/15 “I always write a monthly report that goes up in the hierarchy and then, yes, 
somewhere, its decided which manager should be informed and, if I 
accomplished something good, it might be passed on to the next managerial 
level.” 
 

Patents 4/15 “We don’t have any explicit expectations to patent, it’s always good and it’s 
always fun, but no expectations I heard about. But I think every PhD student 
wants to patent. In the end, it’s still some sort of status thing. You get a small 
amount of money for it as well.” 
 

Exchanges and 
trips to other 
offices/firms/univ
ersities 

3/15 “I’m also planning a trip to [American University] in the future with help from 
PRIVATE A […] in Europe, we had these summer, eh, like summer activities, 
once we visited Switzerland and Germany, another time to the USA, and we kind 
of check what’s going on, eh, I present my work and check out what others are 
doing. Everything has to do with research, and both the firm and the university 
are benefiting, so it’s good for both.” 
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4.5.1 University activities 

A basis of the collaboration as a form of academic engagement is that the firm-

employed PhD students need to do different tasks. For university activities, I have 

categorized the time allocation of these tasks into two categories: academic work and 

teaching. Here, academic work refers to all scientific tasks that firm-employed PhD 

students conduct, such as conducting research, writing an independent thesis, taking 

75 HEC course credits, authoring papers, or participating in academic conferences. 

Teaching in this context refers to the amount of time that the PhD students should 

spend on teaching activities at The University. This includes lecturing, supervising 

Master’s thesis students, or correcting exams. Nine out of the 15 informants spend 

100% of their time on university activities, such as 90% academic work and 10% 

teaching. Of the remaining informants, four dedicate 80%–90% and two dedicate 

only 50% of their time to university activities.  

 

4.5.2 Firm activities 

What I categorize as firm work refers to the amount of time the informants are 

expected (by contract) to participate in firm-specific work. The tasks to be performed 

are firm specific and can theoretically include anything the firm needs help with. 

Practically, however, these tasks are usually related to the informants’ research 

project in one way or another. It should also be mentioned that, even if most of the 

informants do not have time assigned to firm work in their contracts, they still spend 

time at the firm and help out in different ways. However, the time spent can vary by 

student and according to the contractual arrangement; for example, Ivar and Marcus 

spend 50% of their time on firm work.  

 

Except for Oliver, all the PhD students under study have office spaces at both The 

University and the firm. Oliver has an office space at the firm but not at The 

University. These office spaces can be more or less organized, such as separate 

offices or open-space working environments. All the informants attempt to visit the 
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firm office on a regular basis, at least once a week. Some of the informants spend all 

their time at their firm office, except when they have teaching or other scheduled 

activities at The University. Thus, the firm-employed PhD students in this study 

physically move back and forth between the two organizations during their PhD 

education.  

 

In terms of funding, all 15 of the PhD students receive their salary from the firm, but 

this legal arrangement is more complex than initially expected. I have found that their 

employment often depends on external competitive grants, which are obtained 

through a competitive funding system. The grants are given by external organizations 

(i.e., external to both the firm and The University) that can dispense funds from either 

the government or foundations. The firm and The University apply jointly for grants 

for each of the individual PhD student positions, and the grants are specifically 

designated to support the employment and education of firm-employed PhD students 

in Sweden. In this study, there are three public initiatives (Grant Public A, B, and C) 

and one foundation initiative (Grant Foundation A) that supports the firm-employed 

PhD students’ education. Table 4.6 provides an overview of the research education 

for the 15 students, with regard to employer, financing, and time allocation of work. 
 

Table 4.6 Financing and time allocation of firm-employed PhD students. 

PhD 
student Employer Financed by 

external grants 
Financed 
by firm 

Financed by 
The 

University 

Time allocation 
Academic 

work Teaching Firm 
work 

Adrian Firm A Grant Public A  Yes 0% 90%  10%  0% 

Charlie Firm A 50%, Grant Public 
A 50% 0% 90% 10% 0% 

Daniel Firm C 50%, Grant Public 
B 50% 0% 90% 10% 0% 

Edward Firm G 50%, Grant Public 
A 50% 0% 90% 10% 0% 

Fabio Firm A 50%, Grant Public 
A 50% 0% 95% 5% 0% 

Gabriel Firm A 50%, Grant 
Foundation A  

50% 0% 80% 10% 10% 

Hank Firm A Yes Yes 0% 80% 10% 10% 
Ivar Firm E Occasionally 100% 0% 40% 10% 50% 
James Firm F Yes Yes 0% 90% 10% 0% 

Kevin Firm A 
100%, Grant 
Foundation A and 
Grant Public C 

0% 0% 90% 10% 0% 
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Lucas Firm G Grant Public A Yes 0% 90% 10% 0% 

Marcus Firm G 50%, Grant Public 
A 50% 0% 40% 10% 50% 

Nick  Firm A 
100%, Grant 
Foundation A and 
Grant Public C 

0% 0% 90% 10% 0% 

Oliver Firm D 30%–40%, Grant 
Public A 60-70% 0% 80% 0% 20% 

Philip Firm G 50%, Grant Public 
A 50% 0% 80% 10% 10% 

 

In summary, this section shows that firm-employed PhD students primarily focus on 

and allocate their time to university activities related to academic work and teaching, 

as compared with firm activities. Furthermore, they physically move back and forth 

between The University and the firm, and their research education includes a variety 

of micro-level activities with both organizations. 

 

4.6 Discussion: Firm-employed PhD students and their activities 
In this section, I will discuss how the research education of firm-employed PhD 

students can be described and characterized in the institutional and organizational 

context of engineering at The University in Sweden. The discussion is organized 

around a) defining firm-employed PhD students in engineering in Sweden, b) 

describing the organizational context of The University and the collaborating firms 

and c) characterizing the activities included in the research education of these firm-

employed students. 

 

4.6.1 Defining firm-employed PhD students in engineering in Sweden 

Firm-employed PhD students in Sweden constitute a growing phenomenon (UKÄ 

2021b), which is supported by a competitive grant system that enables firms to attain 

funding to partly cover the employment costs for employees that pursue a 4-year PhD 

program. Firm-employed PhD students are distinguished as one of multiple types of 

PhD students in Sweden; they are defined by Statistics Sweden and UKÄ (2021) as 

“[an] externally employed third-cycle student—i.e., a third-cycle student employed 

by a company (and paid by the company) and who pursues third-cycle studies as part 
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of this paid employment.” They account for 5% of Sweden’s PhD students. Thus, 

although firm-employed PhD students constitute a minor portion of PhD students in 

general in Sweden, they are especially important in the technological fields, where 

they tend to appear more frequently. In addition, a competitive grant system exists 

that is specifically designed to support this form of academic engagement with 

industry; it includes funds from the public and private sectors. Thus, the institutional 

setting in Sweden—especially with regard to the technical fields—takes a supportive 

approach to these collaborative PhD projects and has probably enabled the growth 

of this phenomenon over the past years. 

 

4.6.2 Describing the organizational context of The University and the 

collaborating firms 

In this study, the organizational context in which the firm-employed PhD students 

operate includes characteristics related to The University and the employing firms.  

 

At The University, 18% of all PhD students within technological fields are employed 

by firms, which is a higher proportion in comparison with the national average of 

13%. Thus, firm-employed PhD students are not a rare event at The University, 

especially in the technological fields. Hence, at the organizational level, firm-

employed students are placed within an academic context that is familiar with this 

particular form of academic engagement with industry. Although there is some 

variation in the sub-fields of electrical engineering (signal processing and systems, 

biomedical engineering, electrical power engineering, and communication systems), 

the diversity at the university level among the firm-employed PhD students in this 

study is considered to be low. The University has developed standardized criteria for 

this form of academic engagement with industry. These criteria are related to study 

pace (>50%), supervision setup (two or more researchers at the University), and 

teaching (max 20%, which can be replaced with work at the firm). 
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Six firms are involved in this study, with different characteristics and approaches to 

dealing with firm-employed PhD students. The firms in this study are diverse in 

terms of size and industry; it is not only large firms that collaborate with academia 

(Rickne & McKelvey 2013) through this specific form of academic engagement with 

industry. The literature indicates that there is diversity in the organizational 

agreements (Thune 2009) and legal status of PhD students (Borell-Damian et al. 

2010), which can affect the level of interaction and resource exchange in the 

collaboration (Gemme & Gringas 2004). The firm-employed students included in 

this study all have contractual agreements with The University and with the firm, as 

well as with the organization that provides external grants; however, the legal status 

of these students is that of an employee at the firm. Two of the firms have firm-level 

PhD programs; that is, they have formalized certain parts of the engagement process 

with firm-employed PhD students in order to safeguard an appropriate facilitation of 

the project. When it comes to supervision and communication (Butcher & Jeffrey 

2007; Borell-Damian et al. 2010; Salimi et al. 2016), all the industrial supervisors 

have a PhD degree, and the PhD students interact with their industrial supervisors 

less frequently than with their academic supervisors, who they meet on a regular 

basis. It is important to note that two of the students do not have an industrial 

supervisor, even though they should have one according to their formal contracts.  

 

To sum up, it seems that the academic organizational environment at The University 

is largely similar for all the firm-employed PhD students, as compared with the more 

diverse industrial contexts they operate within. Thus, it appears that some firm-

employed PhD students are exposed to a more formal structure at the organizational 

level than others, depending on what firm they are employed at. For instance, 

although Oliver is employed by a large multinational firm (Firm D), Firm D does not 

have a firm-level PhD program, and Oliver does not have an industrial supervisor. I 

interpret this situation as the facilitation process for firm-employed PhD students at 

Firm D being arranged in a somewhat ad hoc manner, as compared with that at Firm 
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G, for instance, which has a firm-level PhD program and at which all the PhD 

students have an industrial supervisor. I refer to this diversity in facilitation at the 

firm level as structured facilitation and consider that it might be relevant in 

understanding outcomes in relation to firm-employed PhD students. Thus, the 

organizational context of the student’s employer is interpreted as ranging from a 

higher to lower level of structured facilitation, where “little or no structured 

facilitation” refers to the presence of less formal structures for the facilitation of the 

student—more specifically, the lack of an industrial supervisor and a firm-level PhD 

program. This does not imply that the PhD project is more likely to be unsuccessful 

or fail; however, it does indicate that more responsibility is put on the involved 

individuals to ensure sufficient processes and related outcomes. At the other side of 

the spectrum are firms that provide both firm-level PhD programs and an industrial 

supervisor for all their firm-employed PhD students. The reason for this less ad hoc 

approach could be that these firms are used to collaborating with The University in 

this particular way, and that the volume of students requires firms to be more 

structured in their approach. Regardless of the reason, it is evident that some firms 

use a structured approach in their facilitation of firm-employed PhD students, while 

others do not. Most students work at firms with a high level of structural facilitation.  

 

4.6.3 Characterizing the activities included in the research education of the 

firm-employed students 

As for what activities firm-employed PhD students do during their education, it is 

clear that, although they are employed by firms, which provides variation in their 

organizational context, they primarily focus on work tasks related to the university, 

categorized here as university activities. With few exceptions, these individuals 

spend 90%–100% of their time on academic work and 0%–10% on teaching 

activities, and are only obliged to spend a small fraction of their time on firm-related 

work tasks, denoted here as firm activities.  
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With regard to structural placement (Borrell-Damian et al. 2010), all PhD students 

physically move back and forth between The University and the employing firm, 

which enables them to interact and develop their own networks within both 

organizations. A number of activities have been identified through which the PhD 

students interact with The University and firms. All the PhD students write an 

independent thesis, take 75 HEC of course credits, attend meetings (supervision, 

staff, or technical meetings), have informal talks and discussions with colleagues at 

The University and at the firm, write papers and publications, and attend academic 

conferences. Other common activities include teaching duties, presentations of their 

research and conferences at the firm, and activities related to firm-level PhD 

programs (at Firm A and Firm G). Other interaction activities exist but are more 

uncommon, such as participating in fairs and exhibitions, writing reports, preparing 

patents, and making exchanges and trips to other offices/firms/universities. Thus, 

although the firm-employed PhD students included in this study experience 

somewhat different organizational contexts, their research education includes similar 

micro-level activities to a large extent.  

 

Regarding scientific contribution, all the firm-employed students publish papers and 

participate in academic conferences during their research education. My 

interpretation is that these firm-employed PhD students consider publishing and 

attending academic conferences to be important elements of their research education, 

both for The University and the firm. They produce scientific documents and 

participate in academic conferences during their research education; thus, I interpret 

their scientific contribution as being a regular part of this form of academic 

engagement with industry. However, whether or not firm-employed PhD students 

achieve research excellence (Borrell-Damian et al. 2010) during their education, 

which is an indicator of a successful collaboration, is not determined in this chapter. 

This issue will be further investigated in Chapter 6.  
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4.7 Concluding remarks and framework development 
In this chapter, I have investigated Research Question 1: 

 

Within the Swedish context of engineering, how can the research education and 

activities of firm-employed PhD students be defined and described? 

 

I have achieved my research question by: 1) defining firm-employed PhD students 

in engineering in Sweden, 2) describing the organizational context of The University 

and the collaborating firms, and 3) characterizing the activities included in the 

research education of firm-employed PhD students in electrical engineering at The 

University in Sweden. In this section, I present three key findings of this chapter, 

which are used to develop the conceptual framework presented in Section 4.2.3. The 

results are displayed in Figure 4.2, which incorporates these key findings to provide 

an overview of the institutional and organizational contexts, as well as the research 

education of firm-employed PhD students within engineering in Sweden. 
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Figure 4.2 Results from exploring the institutional and organizational contexts. 

 
 

First, I define firm-employed PhD students in engineering in Sweden as third-cycle 

students employed by a firm (and paid by the firm) who pursue third-cycle studies 

as part of their paid employment (Statistics Sweden & UKÄ 2021). More 

specifically, for the firm-employed PhD students in this study, the institutional 

context of engineering in Sweden (top box to the left in Figure 4.2) conditions the 

PhD education in the following ways: The duration of the education is 4–5 years 

(including course work, teaching duties, and an independent thesis) and the program 

is supported by a competitive grant system with public and private funds. This 

specific form of academic engagement with industry is most common in engineering 

and technology, as compared with other disciplines and fields.  
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Second, when exploring the organizational context (top box to the right in Figure 

4.2) little variation was found in how these firm-employed PhD students are 

facilitated at The University. This could be because this form of academic 

engagement is common in the electrical engineering department at The University, 

and the supervisors have previous experience of collaborating with industry in this 

way. The majority of the firm-employed PhD students in this study focus primarily 

on academic work, as compared with tasks related to firm work. The organizational 

context of the involved firms entails more variation, especially with regard to firm 

size, the industry the firm operates within, and how the firm facilitates firm-

employed PhD students during the students’ education. I refer to this diversity as 

varying degrees of structured facilitation, and find that some firm-employed PhD 

students operate in an environment characterized by a lower degree of structured 

facilitation at the firm-level than others. Thus, although most of the students have an 

industrial supervisor and are facilitated through a firm-level PhD program, some 

students lack one or both of these collaboration characteristics. This finding is 

reported in Table 4.7. 
  

Table 4.7 Industrial context of firm-employed PhD students. 

Industrial 

context of 

academic 

engagement with 

industry 

Low degree of 

structured facilitation at 

firm level: None.  

Intermediate degree of 

structured facilitation at firm 

level: Ind. Supervisor OR firm-

level PhD program. 

High degree of structured 

facilitation at firm level: 

Both. 

Large firm Firm D (Oliver)  

 

Firm C (Daniel) 

 

Firm G (Marcus, Edward, 

Lucas, Philip) 

Medium-sized firm  Firm A (Gabriel) Firm A (Charlie, Fabio, Kevin, 

Adrian, Hank, Nick) 

 

Small firm  Firm E (Ivar) 

Firm F (James) 

 

 

As shown in the table, only one firm-employed PhD student is interpreted as 

operating within a firm environment characterized by a low level of structured 
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facilitation due to a lack of industrial supervisor and firm-level PhD program. 

Another four students have an intermediate level of structured facilitation, as they 

lack either an industrial supervisor or a firm-level PhD program. The majority, 10 

students, are interpreted as having a high degree of structured facilitation at the firm 

level.  

 

A third key finding is that the research education (bottom box in Figure 4.2) of these 

firm-employed students contains two collaborative dimensions: university activities 

and firm activities. The former is the main priority for firm-employed PhD students 

during their research education, as they spend the majority of their time on academic 

work, such as taking PhD courses, attending academic conferences, and writing an 

independent thesis. All the firm-employed PhD students have an academic 

supervisor, who they meet with on a regular basis, and they communicate with others 

at The University by participating in micro-level activities such as taking courses, 

teaching, and informal conversations with colleagues. All of the firm-employed PhD 

students produce scientific documents and attend academic conferences, which are 

considered to be important activities for both The University and the firms. Although 

the students prioritize their university activities, firm-employed PhD students do 

interact with the firms during their research education as well. All of them are 

employed and structurally placed at the firm (Borrell-Damian et al. 2010); however, 

they experience varying degrees of structured facilitation at the firm level. The 

majority of the students have an industrial supervisor and communicate with the firm 

through micro-level activities such as meetings, conferences, or informal 

conversation.  

 

Looking forward, these firm-employed PhD students span organizational borders 

during their education. However, our understanding of why and how they do so is 

underdeveloped as yet, including our understanding of whether they actually act as 

firms’ boundary spanners (Haas 2015; Cros & Prusak 2002; Leifer & Delbecq 1978), 
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what impact they have on firms (Perkmann et al. 2013, 2021), and what research 

impact they have during their research education. These issues are explored in later 

chapters of this PhD dissertation, as part of my analysis on the individual level of 

this form of academic engagement.  
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5 Becoming a firm-employed PhD student  

5.1 Introduction 
This chapter addresses Research Question 2: 

 

Why and how do individuals become firm-employed PhD students? 

 

Given that Chapter 4 presents and analyzes the institutional and organizational 

context, this chapter now moves on to the individual level and, more specifically, to 

the formation phase of a PhD project. I have defined the formation phase as the 

period before a student actually starts a PhD degree program (including the PhD 

project). By focusing on this phase, I aim to analyze why (e.g., individuals’ 

motivations) and how individuals had relevant backgrounds leading to this choice 

(e.g., individuals’ characteristics in terms of career experience and education). My 

study constitutes multiple case studies of the studied individuals, as discussed in 

Chapter 3. I only examine individuals who decided to become firm-employed PhD 

students, in order to examine variation among them. Theoretically, I expect that 

different antecedents at the individual level will influence the actual research 

conducted through academic engagement involving collaborative research with both 

the university and the firm. This chapter thus presents and analyzes the motivations 

and individual characteristics of the 15 firm-employed PhD students within electrical 

engineering at The University, in relation to my conceptual framework.  

 

This chapter is structured as follows: Section 5.2 builds on the theoretical discussion 

in Chapter 2 to further expand on the relevant theoretical considerations related to 

individual antecedents of academic engagement with industry (Perkmann et al., 

2021), where I am studying firm-employed PhD students as a specific form, as 

explained previously. Here, the theoretical discussion goes into further detail that is 

relevant to answering the research questions—that is, why and how the individuals 
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came to have relevant backgrounds leading to this choice. I interpret these 

motivations and individual characteristics as antecedents which will affect the 

collaborative research, and also elaborate on how I expect such differences to matter, 

using the concept of cognitive proximity (Nooteboom 2000), including the difference 

between bridging and reducing cognitive distance. Section 5.3 presents extended 

empirical material addressing the process of how these individuals became firm-

employed PhD students, with a specific discussion of their motivation and 

characteristics in terms of career experience, education, and previous engagement 

experience. This section provides insights about each of the 15 firm-employed PhD 

students, based on interviews. In Section 5.4, I analyze these multiple case studies 

relative to the concepts in my initial conceptual framework that are relevant for the 

formation phase. I find that all the individuals are primarily motivated to become 

firm-employed PhD students by the intrinsic rewards, and that most of the PhD 

projects are initiated by prominent researchers at this university and at these firms. 

Section 5.5 presents my taxonomy, in which I analyze the variation found in the 

results and categorize the relevant differences in the formation phase in terms of three 

scenarios: Scenario 1—supervisor-initiated project; Scenario 2—MSc thesis-

initiated project; and Scenario 3—firm-initiated project. Section 5.6 concludes by 

briefly summarizing the answers to the research question and specifying 

modifications to my initial conceptual framework. 

 

5.2 Theoretical considerations  
In Chapter 2, the initial steps of this specific form of academic engagement were 

conceptualized as the formation phase, and the current chapter focuses on this phase. 

Based on the previous literature, as briefly presented in Chapter 2, I expect that 

antecedents at the individual level will influence a scientist’s decision to engage with 

industry, and that individuals can reduce cognitive distance with other people 

through previous experience related to work and education. Therefore, this section 

reviews the specific previous literature that is relevant for the research question 
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addressed in this chapter. First, Section 5.2.1 addresses antecedents in terms of 

individuals’ motivation for participating in academic engagement with industry. 

Second, Section 5.2.2 focuses on antecedents in terms of individuals’ characteristics 

and how a reduction of cognitive distance is relevant for becoming a firm-employed 

PhD student. Finally, Section 5.2.3 presents a summary of my theoretical 

expectations. 

 

5.2.1 Motivation  

Key factors in a person’s motivation to engage with external parties seem to differ 

between countries (Perkmann et al. 2021). For instance, while most forms of 

academic engagement in the German context are intrinsically motivated by the 

puzzle at hand (Blind et al. 2018), professional recognition and intellectual pursuit 

have emerged as driving motivational factors in the UK (Lam 2011). In Italy and 

Spain, the aim of receiving research funding is the main motivation (Iorio et al. 2017; 

Ramos-Vielba et al. 2016; Tartari & Breschi 2012). Although the research findings 

are somewhat contradictory, they emphasize an overall complementarity between 

engagement and research per se (Perkmann et al. 2021). At the individual level, the 

scientists involved in commercial and entrepreneurial activities are heterogeneous 

(Shinn & Lamy 2006; Markman et al. 2008), which suggests that there is no specific 

type of researcher or common motive among the individuals engaging in such 

activity (Lam 2011). Thus, individuals are expected to be driven by extrinsic and 

intrinsic motivation factors to become firm-employed PhD students.  

 

In this PhD dissertation, extrinsic motivation accounts for so-called “ribbon- and 

gold-related motivations” (Lam 2011). Here, the “ribbon” represents the scientists’ 

strong need for recognition and prestige from their professional peers—a form of 

motivation that is deeply institutionalized in the scientific reward system (Hagstrom 

1974; Hong & Walsh 2009), because achieving the “ribbon” leads to other rewards, 

such as salary and research funding (Stephan 1996). More precisely, the “ribbon” is 
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operationalized as professional recognition and prestige (Lam 2011), which is 

primarily obtained from publications (Lam 2011), but also from patents (Murray 

2006; Owen-Smith 2003). The “gold” in this metaphor represents an opportunity for 

scientists to reap financial rewards from their work and can be considered as a 

consequence of the “ribbon,” rather than as a main incentive for pursuing research 

(Stephan 1996). Thus, the gold can be considered as a hygiene factor (Herzberg 1966; 

Seligman & Csikszentmihalyi 2000), rather than as a motivator, and it is 

operationalized as an increase in personal income and access to resources (Perkmann 

et al. 2021).  

 

Intrinsic motivation in this context stems from scientists’ attraction to intellectual 

pursuit, which here includes puzzle-solving activities (Lam 2011) and pro-social 

rewards (Grant 2008; Iorio et al. 2017). Puzzle-solving activities are operationalized 

as achieving knowledge-related goals (Perkmann et al. 2021), receiving a more 

interesting job after receiving a PhD degree (Mangematin 2000), and satisfying 

personal interest and curiosity (Mangematin 2000). More specifically, in regard to 

graduate students’ motivation for conducting their PhD education, Mangematin 

(2000) claims that, while non-financial incentives (that satisfy personal interest and 

curiosity) might be applicable to PhD students in social sciences or humanities, the 

same does not hold true for PhD students in engineering sciences. Regardless, I 

include this reason, since I interpret it to be closely related to intellectual pursuit. 

Furthermore, PhD students in engineering sciences expect to obtain a more 

interesting job after they have completed their PhD education (Mangematin 2000). 

More specifically, this “more interesting job” is expected to be within academia and 

not in industry; therefore, graduate students pursue PhD education to qualify for the 

academic job market. Pro-social motivation includes reasons related to promoting 

the interests of the nation, society (Iorio et al. 2017), or other individuals (Grant 

2008). Table 5.1 displays an overview of extrinsic and intrinsic motivations.  
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Table 5.1 Theoretical interpretation of extrinsic and intrinsic motivations. 

 Extrinsic motivation Intrinsic motivation  

Ribbon  Publications, recognition, prestige (Lam 2011) 

Patents (Murray 2006; Owen-Smith 2003) 

- 

Gold Increasing personal income (Perkmann et al. 

2021) 

Accessing resources (Perkmann et al. 2021) 

- 

Puzzle-solving - Achieving knowledge-related goals 

(Perkmann et al. 2021) 

Obtaining a more interesting job 

(Mangematin 2000) 

Satisfying personal interest and curiosity 

(Mangematin 2000) 

Pro-social 

motivation  

- Desiring to benefit others and society by 

engaging with third parties (Grant 2008; Iorio 

et al. 2017) 

 

In regard to how these motives influence the pursuit of academic engagement with 

industry, consensus has not been reached within the research community. Regarding 

the so-called “ribbon,” publications are expected to have a positive influence on 

pursuing academic engagement with industry, while patenting has an ambiguous 

effect (Perkmann et al. 2021). Being motivated by “gold” does not seem to influence 

the pursuit of academic engagement (Perkmann et al. 2021), which could be due to 

it being a hygiene factor. Similarly, there is as yet no clear evidence that intrinsic 

motivation in terms of achieving knowledge-related goals positively influences 

scientists to engage with external parties (Perkmann et al. 2021). The negative or 

positive effects of the motivations of obtaining a more interesting job, satisfying 

personal interest and curiosity, or pro-social reasons on entering into academic 

engagement require further investigation (Lam 2011).  

  

5.2.2 Individual characteristics and the reduction of cognitive distance 

Previous literature on academic engagement has primarily focused on the individual 

characteristics of scientists working at a university and have identified that 
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individuals are more likely to pursue academic engagement if they are male, senior 

in terms of academic rank, locally trained, and geographically mobile; have previous 

commercialization and non-academic work experience; are scientifically productive 

(publication count); and publish in applied journals (Perkmann et al. 2021). Foreign-

born scientists (Libaers 2014) and the expected loss of freedom (Tartari & Breschi 

2012; Ramos-Vielba et al. 2016) will negatively affect the pursuit of academic 

engagement (Perkmann et al. 2021). As the focal phenomenon of this study involves 

early-stage career scientists, this research focuses on the individual antecedents 

related to the previous experiences (Tartari et al. 2012; Lawson et al. 2016; Lawson 

et al. 2019) of these firm-employed PhD students. Thus, previous career experience 

(Tartari et al. 2012), previous engagement experience (Lawson et al. 2016), and 

being locally trained (Tartari et al. 2012; Lawson et al. 2019) positively influence 

academics to conduct academic engagement with industry. In regard to demographic 

attributes, this research accounts for gender but not for place of birth. Furthermore, 

this research does not focus on academic rank, whether the individual is 

geographically mobile, the publication count, and where the individual published 

prior to starting their PhD education.  

 

Gender and previous experience 

In terms of gender, academic engagement is more common among male than female 

scientists (Perkmann et al. 2013, 2021). Regarding previous career experience, 

Tartari et al. (2012) find that industrial work experience lowers the barriers to 

entering collaboration with industry for science and engineering academics in the 

UK. In regard to previous engagement experience, Lawson et al. (2016) find that 

academic engagement is engendered by previous engagement in their large study of 

all academics in the UK. More specifically, Tartari et al. (2012) identify particularly 

collaborative experience through research projects as lowering the barriers to entry. 

Finally, scientists are more likely to engage with industry in the same country they 

obtain their PhD degree in (Tartari et al. 2012; Lawson et al. 2019). Thus, locally 
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trained (Tartari et al. 2012; Lawson et al. 2019) refers to the country level and is 

specific for this research; I will apply this criteria to the Master’s degree and not to 

the PhD degree level.  

 

As introduced in Chapter 2, cognitive distance between individuals must be reduced 

and bridged (Nooteboom 2000; Boschma 2005) in order to achieve effective 

knowledge exchange. This chapter focuses on reducing the cognitive distance 

between individuals, while the latter (bridging) is discussed in Chapter 7. Reducing 

the cognitive distance between individuals entails creating an overlap between ranges 

(range-to-range) and between domains (domain-to-domain), causing individuals to 

observe the same phenomena and categorize them in similar ways (Nooteboom 

2000). To be precise, reducing cognitive distance in this way allows individuals to 

understand each other, which establishes the basic conditions for bridging cognitive 

distance to occur during a specific collaboration. In the particular context 

investigated in this PhD dissertation, the domains and ranges of individuals are 

expected to be significantly influenced by their work history and educational 

background (Cummings 2004; Broström and McKelvey 2017). Thus, the previous 

work and engagement experience (Tartari et al. 2012; Lawson et al. 2016) and the 

geographical location of the education (Tartari et al. 2012; Lawson et al. 2019) of the 

firm-employed PhD students are interpreted as being likely to influence the degree 

to which cognitive distance is reduced between individuals at the university and the 

firms.  

 

5.2.3 Summary of theoretical expectations  

The previous literature predicts that, in the formation phase of academic engagement 

with industry, collaborative projects are initiated by scientists with certain 

antecedents, which include motivation and individual characteristics. With regard to 

motivation for pursuing academic engagement with industry, the studied PhD 

students are expected to be motivated by both extrinsic and intrinsic reasons—more 
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precisely, by a combination of “gold,” “ribbon,” and “puzzle”-related rewards (Lam 

2011; Stephan 1996; Stephan & Levin, 1992) and by pro-social reasons (Grant 2008; 

Iorio et al. 2017). The relevant individual characteristics include being a locally 

trained male with previous career and engagement experience. These theoretical 

expectations are visualized in Table 5.2.  

 
Table 5.2 Overview of the antecedents of firm-employed PhD students. 

 

Furthermore, these individual characteristics are expected to assist in reducing the 

cognitive distance (Nooteboom 2000) between involved individuals. More precisely, 

similar educational background and work history (Cummings 2004; Broström & 

McKelvey 2018) are interpreted as reducing the cognitive distance between 

individuals in academia and industry.  

 

The next sections explore the empirical data. First, the empirical data is displayed by 

presenting rich quotes from interviews with the firm-employed PhD students, 

specifically addressing how they obtained their position. Next, the empirical material 

is analyzed and contrasted to the theory outlined above.  

 

5.3 Detailed insights from 15 firm-employed PhD students 
In this section, rich quotes regarding how 15 individuals became firm-employed PhD 

students are presented.  

 

 

Motivation  Individual characteristics  
 

Extrinsic motivation: 
Ribbon (publications, recognition, prestige, patents) 
Gold (increasing personal income, accessing resources) 
 
Intrinsic motivation: 
Puzzle-solving (achieving knowledge-related goals, obtaining a 
more interesting job, satisfying personal interest and curiosity) 
Pro-social motivation 

Gender 
Previous career experience 
Previous engagement experience 
Location of MSc education 
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Adrian 

Adrian graduated from both his Bachelor’s and Master’s degrees at The University, 

albeit not in the electrical engineering department. He comments: 

When I was done [with my Master’s degree], I knew I wanted to work 

with something hi-tech and, just as I started to look for jobs, the first 

prototypes of autonomous cars were launched. I thought, “this is the 

future, and I want to be a part of it.” Then, I think it was a friend of 

mine who saw an ad that was oriented toward that area. It was a 

position as a firm-employed PhD student, I had some idea about what 

it’s like to do research. The research area was completely new to me 

and I wasn’t really familiar with that department at the university, but 

they mentioned modeling, simulations, and statistics in the ad, things 

I had experience with and felt comfortable with. So, for me, this was 

an opportunity to dive into and learn about the technical aspect. 

Thus, Adrian aimed to work with something hi-tech and appreciated the opportunity 

to learn more about technical aspect. 

 

Charlie 

Charlie had worked at Firm G for 5 years before becoming a firm-employed PhD 

student:  

I’ve worked a couple of years and identified this as an opportunity to 

develop and get the job I want, so to say. I realized there were really 

many PhDs in those parts of R&D […] They announced a PhD 

position and I applied for it and, yes, I got it. I actually applied for such 

a position the previous year as well, but I didn’t get it, so I tried again. 

Charlie identified the firm-employed PhD position as an opportunity for personal 

development and to get an interesting job. He applied several times for this kind of 

position at Firm G. 
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Daniel 

Daniel has a Master’s degree from The University, in the field of electrical 

engineering. He was introduced to the possibility of becoming a firm-employed PhD 

student at Firm C during his Master’s thesis: 

If you had asked me 2 years before I started as a firm-employed PhD 

student at Firm C what I wanted to do, I would have answered that I 

wanted to become a firm-employed PhD student at Firm C. So it was 

not a coincidence, I aimed for it. I applied for a Master’s thesis project 

at Firm C because I wanted to know whether I liked to work there and 

whether it was good […] it went quite well and, during my Master’s 

thesis project, I was asked if I wanted to continue to work at Firm C. I 

said “maybe.” Then they asked me if I wanted to pursue a PhD as firm-

employed; that was the ultimate best offer from my perspective, so I 

think my boss had discussed with my Master’s thesis supervisor about 

it and that it would suit both parties. So then we applied for a stipend 

from Grant Public B […] I would say I’m very positive [toward having 

multiple parties involved] because, if you compare academia with 

industry, they often ask very different questions and they interpret a 

problem very differently […] for a PhD student, it’s very beneficial to 

be in the middle of this, because I feel that, if you are a regular PhD 

student, you can get very focused on specifics and maybe miss the big 

picture. But as a firm-employed PhD student, I get the industry 

perspective early on and developed a good sense of the overarching 

purpose, why I’m doing what I’m doing. I’m very grateful, because I 

know that my project is interesting to people that really care about 

these issues, and that’s really rewarding. 

Daniel wanted to test if Firm C was a good employer, and preferably he wanted to 

become a firm-employed PhD student at Firm C. He wanted to be involved with both 



 
  

129 

the university and firm during his PhD education in order to get different perspectives 

and a better understanding of why his research project was valuable and necessary.  

 

Edward 

Edward had 4 years of work experience before he started his studies, of which 2 years 

were at Firm G. He describes his journey to become a firm-employed PhD student: 

When I joined Firm G, I mean, I didn’t have the intention in the 

beginning to do a PhD. I was just going to do an industrial job in some 

sense, in the R&D field, but, eh, but then Firm G has this unique 

program that probably no other firm in this industry has, even though 

they have PhD students, they don’t have this industrial PhD program, 

eh, collectively for employees that can, eh, go to a PhD position 

combined with academia and still work with Firm G. Usually, they do 

a stand-alone project and then, after they finish, they find a job that fits 

in the industry. At Firm G, this is different, this is, eh, much more 

integrated in some sense, that you begin in the same group, you work 

within the same group, you contribute with external support, and then 

you try to build on this gap you found and defined, and then you have 

something to take over when you finish the PhD. So this is a very 

unique opportunity, and it was very striking for me, eh, very interesting 

for me in the beginning. And I think, in the first year when I arrived 

here, as soon as I heard, eh, there was a PhD student just finishing at 

the section, so I was motivated for a new position so that I could go in, 

and that was how this happened [...] So, our objective or the gap that 

we found was if we could have an overview picture [of the subsystems] 

and then we could control the subsystems in a coordinated fashion in 

sort of having just this one overriding the other, overriding the other 

one, then that would probably be more efficient. So, we identified this 

gap, and that’s why we created this project, and then I was involved 
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pretty early in the phase, eh, because we found this gap to be 

significant, and we realized we could work on this with a research 

interest as well. 

Edward valued the opportunity to become a firm-employed PhD student at Firm G, 

and considered Firm G to provide a supportive environment for pursuing such 

education. He was very involved in identifying and designing his research project, 

ensuring it would be useful and interesting for both the university and firm.  

 

Fabio 

Fabio has a Master’s degree from The University within electrical engineering and 

worked for 5 years in industry before becoming a firm-employed PhD student: 

So the fundamental, I mean, motivation, that for me is to, I mean, I 

want to do something that can push civilization forward. That’s quite 

vague, but I can prove mathematically what I mean by pushing 

civilization forward. I used to be a, I studied a Master’s here [at The 

University] and worked at Firm C for 5 years as a programmer. 

Eventually, I think, the big trend is that, eh, this autonomous driving 

and artificial intelligence, so I’ve been studying like 3 years before 

getting this job about artificial intelligence in general and then, I think 

this opportunity, I mean, so I can, by that time I was thinking about 

switching jobs. It’s possible that I can jump into another industry, for 

example, Spotify, working on the data science directly, but I think that, 

eh, in that role will be still developing stuff without much deeper 

understanding, so a PhD job is much better, in this way that you are 

paid to study and then you hopefully can become some, eh, you have 

some vision and [are] really keen on some topics. I think that [it is] a 

really beneficial thing to be an industrial PhD, and this topic is quite 

hot, so it’s really fun to be there and that’s, eh, eventually, this position 
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came up and then I shot for it [laughter] [...] Firm G advertised it, and 

then, by that time, I was already seeking senior jobs, so it’s actually, 

because this industrial PhD was in the catalogue for fresh graduates 

and I missed a lot of them, until I got a note from others that said, 

“okay, here is an industrial PhD position,” so I was notified by a friend 

that Firm G had such a position. 

Fabio wanted to contribute to civilization and valued the opportunity to study and 

get paid whilst doing it.  

 

Gabriel 

Gabriel was interested in research and, after finishing his Master’s degree at The 

University, chose his PhD position based on how interesting he found the project to 

be: 

I enjoyed the first 5 years at university, so I was interested in doing a 

PhD. I applied and was accepted for two other positions as a PhD 

student at the university [i.e., university-employed positions], eh, but 

I turned them down, mostly because the project area didn’t feel entirely 

right. Then this firm [i.e., firm-employed] PhD project came up, as a 

result from my Master’s thesis project. I had a presentation at the firm 

about my Master’s thesis and, therefore, made some connections with 

them, and then, yes, eh, they were going to apply for funding at Grant 

Foundation A, a project that I found very interesting, and they needed 

to put a name on the application, so I started to work at the firm, hoping 

that the application would be granted [...] being a firm-employed PhD 

student was not so important; for me, it was more about finding the 

right project. I also like some practical aspects that might be easier to 

engage in at a firm, I think, so that might affect me in the sense of 

becoming a firm-employed PhD student. 
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Gabriel wanted to do a PhD and he was offered several such positions at The 

University, however he choose the PhD position that he thought had the most 

interesting research topic. Thus, finding the right project was important. In addition, 

he liked being close to the practical aspects of his research.  

 

Hank 

Hank has a Master’s degree in physics from a different Swedish university and knew 

that he wanted to work with research; however, he was unsure of whether he would 

do it in academia or industry: 

Throughout my entire education, I knew I wanted to work with 

research and development in some way, like, very technical. I didn’t 

know whether I wanted to work in academia or industry; both are very 

interesting in their own ways. I had a hard time deciding, but I thought 

that being a firm-employed PhD student sounded fun, it seemed good 

and it includes a little bit of everything. I knew I wanted to work with 

computer vision, and this position came up, and it sounded perfect. So 

[I] applied for it and got it. 

Hank was interested in both research and technological development, the position as 

firm-employed PhD student seemed interesting and contain a bit of both research and 

development. It was important that the research topic was interesting.  

 

Ivar 

Ivar has a Master’s degree in physics from The University and explains how he 

became a firm-employed PhD student: 

I’ve been interested in research for a long time, but [becoming] a firm-

employed PhD student was kind of a coincidence. At the time, it was 

especially pursuing a PhD that was interesting; but also, I didn’t see it 

as something negative to be close to the application of things. So, those 
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are the two major reasons why I chose to do it. How it started, well 

when I was doing my Master’s thesis, I was talking to people over 

lunch or a cup of coffee and so on. My Master’s thesis supervisor [at 

the firm], his colleague is now my supervisor in the PhD project, and 

we talked on several occasions about many things, and then he came 

and asked me if I would be interested in it, so that’s how I got 

introduced [to becoming a firm-employed PhD student] [...] It was, at 

that time I thought, exactly the right area. Exactly what I wanted to 

work with, and it would have been different if it was a less interesting 

area, I’m quite sure of it. 

Ivar wanted to become a firm-employed PhD for two major reasons, 1) he wanted to 

do a PhD and work with research and 2) he also wanted to be close to the application 

of his research. 

 

James 

James has a Master’s degree in electrical engineering and describes his journey to 

become a firm-employed PhD student:  

I’m an electronic engineer, and my background is electronic 

engineering. What I’m working on now is a biomedical application, so 

engineering applied in the biomedical field. The thing is, I wasn’t 

exactly looking for an industrial PhD. A while ago, when I was kind 

of scanning for a position… I was told about a PhD back in Italy, eh, 

and it was an industrial PhD, so, I got to actually Google it and read 

about it and, that is, actually [find out] the difference between a fully 

academic and an industrial PhD. The more I read, the more I liked the 

idea, also because I was, the thing is that, during my Bachelor’s and 

my Master’s, I did an internship first, and then I was working as an 

assistant researcher, paid by grants, during both the Bachelor’s and 
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Master’s again, so I have always been working with professors and in 

research. So, when there’s this divide, because this project, so let’s 

build it, so I really love that, so that’s why I wanted, okay, I wanted to 

keep doing what I’m doing now; I want to stay in research but, at the 

same time, I mean, I have always been curious about what is outside, 

such as companies and, eh, so I ended up, eh, in my understanding, the 

industrial PhD is exactly something in-between, so you manage to see 

both sides and, after 4–5 years, you manage to have more information 

about both sides, and you have more knowledge, and I think that was 

exactly what I needed. After basically 3 years, I think I have a better 

understanding of what there is on both sides, because I’m basically, eh 

twice per week, I’m here at The University), usually Tuesdays and 

Thursdays, and the rest of the week, I’m at the company. 

James knew he wanted to work with research but he was also interested in what was 

going on outside of the university, therefore a firm-employed PhD student position 

seemed interesting and right for him. 

 

Kevin 

Kevin describes his background and reasons for becoming a firm-employed PhD 

student, as compared with an academic PhD student: 

During my Master’s thesis, I spent 6 months abroad and, after that, I 

received a job at the hosting university, so then I got some experience 

of working in academia, experience of what it’s like to do research, to 

write papers, and how that world works, and something that I learned 

was that I always tried to figure out how to apply research, how can I 

use this research? So I followed that path, and then my professor came 

along and said, “but Kevin, this is not your job. Your job is to find 

technology and figure out why it works like this, and then it’s up to 
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someone else, or firms, to find or do the application.” So, every time, 

I hit that wall, and he would pull me back saying, “stop thinking about 

the application, focus on the research.” After 2 years, I decided that 

academia was not the place to be for me, since I was constantly drawn 

to the other side, the application side. So I returned to Sweden with the 

hope of building my professional career in industry within a different 

field, so I started at Firm G ... [After a few years], our technical expert 

came to me and said, “Well done, now we launched this, so can we 

talk about the future? Where do we go from here?” He wanted a firm-

employed PhD student to do research and explore future projects. At 

that time, I was very interested in learning more about machine 

learning; I’d been reading up on it, but didn’t really have time for it, 

because I had to deliver a lot regarding the products. Because I had 

done research before, I kind of knew what I was getting into, what it 

meant to do research, but eventually decided, “I really want to learn 

more about machine learning, and now I get the time to do so.” So I 

started as a firm-employed PhD student under the lead of my technical 

expert at Firm G. 

Kevin had experience from working as a researcher, however he found himself 

always looking for an application of that research. Therefore, after working several 

years at Firm G, he was able to combine these two interest and starting the position 

as firm-employed PhD student.  

 

Lucas 

Lucas has a Master’s degree from The University and explains how he ended up as 

firm-employed PhD student, even though that was not his intention: 

It’s quite interesting, actually, because I didn’t have any plans to 

pursue a PhD, I actually didn’t want to do a PhD at all. But then, the 
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fifth year at the university, I took a design project course; the course 

was just a single project, basically. For that course, I had a supervisor, 

who now is my academic supervisor, I didn’t know that then. Anyway, 

he thought I did a good job on the project with my group, so he got in 

touch [later on] and said, “Hey, there’s a position as a firm-employed 

PhD student out now, I think you did great in the project course, so I 

think you should apply for the position.” I think I’d seen that ad in 

some feed and thought it wasn’t for me, but then he said, “Well, I’m 

going to be the supervisor and I think it could suit you well,” then I 

thought I might as well apply for the position. So that’s the reason why 

I applied for it, then I got to do an interview and so on, and then I got 

offered the position, and I said yes. So that’s that. But it was 

completely unexpected from my side, so to say […] yes, it was 

important [the research project], I had not applied for whatever 

position, it had to be something related to what I wanted to work on 

and what I was knowledgeable about. So I didn’t apply for a firm-

employed PhD position for the sake of the position itself; that part was 

more a coincidence, so to say. When I searched for jobs, I didn’t 

actively search for PhD positions at all. I was looking more at 

consultancy firms and so on; I thought that was probably what I would 

do, but it ended up as something a little bit different from that. 

Lucas was motivated to become a firm-employed PhD student due to finding the 

right project that interested him, and after being approached by his supervisor-to-be 

at The University, advising him to apply for the position.   

 

Marcus 

Marcus worked for 5 years at Firm G before starting his PhD education: 
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I started to work at Firm G after graduating from mechanical 

engineering as a component owner and tester. It was within a project 

financed by the government and, when that ended, I transferred to 

something called advanced engineering within propulsion. Then I 

started to work in EU research projects and research projects with 

Grant Public A, to develop new propulsion concepts, since back then 

it wasn’t clear that electric propulsion was the way to go […] in these 

research projects, I worked a lot at The University and, after working 

a couple of years, I realized what knowledge gaps I had in certain areas 

I was working in. Things I didn’t know I would be in contact with 

during my education. In this environment, spending a lot of time at the 

university and working and leading EU research projects, I realized 

the usefulness of educating myself further. So it was basically on my 

initiative and based on my own knowledge gaps that became a trigger 

point to pursue PhD education, and not the firm identifying a specific 

area that they needed to develop competence within. So that’s what 

started my thought about pursuing a PhD. Then, in 2014, our CEO 

announced that Firm G wouldn’t be working on taking this route 

further until 2023, and then I thought it would be a good time to pursue 

a PhD, because nothing would happen within this area during the next 

4 years, until Firm G develops it [their product], so I might as well 

develop this competence while there is time for it. So, in 2014, I 

applied for funding from Grant Public A and started as a firm-

employed PhD student in 2015. 

Marcus identified a good time to educate himself within a specific topic at The 

University, as this specific topic would not be relevant to Firm G until a few years 

later. He was very involved in initiating his project, as he had experience from both 

working at Firm G and interacting with The University.   
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Nick 

Nick graduated with his Master’s degree at The University in a different department 

than electrical engineering. He describes his journey toward becoming a firm-

employed PhD student like this: 

It’s a quite random story [...] My childhood friend, I met him on the 

train, he was in my class in elementary school and he’d skipped two 

grades before we moved apart. Later, when I started at the university, 

he was my sponsor [...] so, when I did my final year on the Master’s, 

before the thesis in October, maybe, I met him on the train, and he was 

on his way to the university, and then he told me he was going to be a 

firm-employed PhD student. So then he started talking about these 

Grant Foundation A positions, that he was going to be employed as a 

PhD student, going from a engineering position to a PhD position. He 

knew there was an available spot within the area, or kind of, at least, 

that I was supposed to do my Master’s thesis within, so he thought my 

profile matched quite well, and he managed to sell the whole firm-

employed PhD idea to me, that you are both a PhD student and an 

engineer, so the best of both worlds, basically. He told me to apply, eh, 

and he talked to his boss, and they seemed interested in me, so, 

sometime before Christmas, I sent in my application and, yes, I signed 

the contract in March and, in June, I graduated my Master’s. So it was 

random, we met on the train. 

When asked whether he had had any thoughts about continuing with research in 

general, Nick answered, “Yes, I did; in that case, it would be as a firm-employed 

PhD student, because then you get a PhD that is applied. I don’t want to do research 

on, eh, string theory, quarks, or whatever, so you end up in a situation where you go 

“Aha, now I got a PhD, what should I work with?” Thus, Nick wanted to become a 

firm-employed PhD student due to the possibility of combining academic research 
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with more applied perspectives. He was afraid that he might end up with no job 

prospects after a regular PhD position, as he might get a too theoretical PhD project.   

  

Oliver 

Oliver has a Master’s degree in electrical engineering from The University; he then 

worked for Firm D for 4 years before becoming a firm-employed PhD student: 

I got a job here at Firm D almost straight away after doing my Master’s 

thesis in 2009. I was employed in 2010 and started to work with 

different things, but mainly with what they call intelligent 

transportation systems; basically, you want all vehicles to talk to each 

other. I worked with that for a couple of years, and then I started 

focusing on becoming a project leader; but, after a while, I got tired of 

it and thought it would be better to return to the more technical aspects. 

And, therefore, I tried to organize [things] so I could become a PhD 

student. I started by talking with my boss at that time and said to her 

that I was interested of this, and then she helped me. I also talked to 

other colleagues to formulate what area I should do research in; we 

formulated a project proposal and sent it in to Grant Public A and 

finally got the grant accepted [...] So we defined a project that was 

interesting to Firm D, and that was interesting to me, which I thought 

was interesting. Then I started my PhD education in 2014. 

Oliver wanted to become a firm-employed PhD student to extend his knowledge in 

the technological fields, compared to developing skills related to project 

management. He was very involved in initiating his own PhD project, and utilized 

his network inside Firm D to do so. 
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Philip 

Philip has a Master’s degree in electrical engineering from The University and 

describes how he became a firm-employed PhD student: 

Actually, I didn’t have any plans to pursue a PhD, it came to me quite 

late. I took a Master’s in electrical engineering, like everybody else, 

and [...] it was quite late during my Master’s, maybe even during the 

thesis, when this position came up. I was very eager to leave academia 

behind and step into the industrial world, and so on. So, doing a PhD 

only in academia, the normal way, was never an option for me. Then 

this came up [the position he has now], and I thought I might go for it 

and see what happens. It was an amazing coincidence, I must say, 

because I knew beforehand, kind of, what I wanted to work with, and 

then it pops up: this firm-employed PhD position with exactly that 

focus, and the professor at The University I had, well, I can’t say I 

knew him well, but I knew who he was, at least, and I thought he was 

a good guy, so I was happy having him as [my] academic supervisor 

[...] so it was many pieces falling into place; I applied for the position 

and got it. I didn’t have any initial long-term ambition of becoming a 

PhD, rather the opposite. So much of a coincidence. 

For Philip, the project topic of the PhD was very important as he knew exactly what 

he wanted to work with. He also had a good impression of the academic supervisor 

that would be assigned to his project.  

 

In the next sections, I will analyze and discuss the antecedents of firm-employed PhD 

students in terms of motivation and individual characteristics, how they obtained 

their position, and how they manage to reduce cognitive distance with individuals at 

the university and at their firms. 
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5.4 Analyzing the individuals  
In this section, the empirical material from the interviews with the 15 firm-employed 

PhD students are analyzed. Table 5.3 provides an overview of the results from my 

analysis, which are discussed in detail in the following sections. 

 
Table 5.3 Overview of the motivation and individual characteristics of 15 firm-employed PhD students. 

Motivation Individual characteristics  

12/15 Intrinsic motivation 
 
0/15 Extrinsic motivation 
 
3/15 Combination of intrinsic 
and extrinsic motivation 
 

Previous career experience: 

6/15 have previous career experience (5 of 6 worked in that specific firm) 

9 came directly from a Master’s degree 

 

Previous engagement experience: 

3/15 worked with this specific university and specific firm during a MSc thesis- 

project 

 

Education in engineering: 

14/15 obtained a MSc degree in Sweden (12/15 at The University) 

1/15 obtained a MSc degree in another European country 

 

Research experience:  

1/15 have experience from collaborative research with The University as a firm 

employee 

2/15 have experience with research from jobs in academia 

 

Gender: 

15/15 males 

 

In regard to motivation, Table 5.3 shows that firm-employed PhD students are 

primarily driven by intrinsic motivation. None of these individuals are solely driven 

by extrinsic motivation; however, a few of them are motivated by a combination of 

intrinsic and extrinsic motivation. Although some students have previous career 

experience, the majority of these individuals have no such experience and started 

their firm-employed PhD position directly after finishing their Master’s degree. A 

few individuals have previous engagement experience, in that they conducted a 

collaborative Master’s thesis project with the same university and firm at which they 
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are now employed. One individual received his Master’s degree from a European 

country, while the rest of the firm-employed PhD students graduated from 

universities in Sweden. Three individuals have research experience, either from jobs 

within academia or as firm employees involved in a research collaboration with The 

University. This category has emerged from the empirical analysis and is therefore 

added to the individual characteristics. All the firm-employed PhD students included 

in this study are male.  

 

Next, a detailed discussion and analysis of the firm-employed PhD students’ 

motivation and individual characteristic will be presented. Section 5.4.1 focuses on 

the intrinsic and extrinsic motivations of these individuals, while Section 5.4.2 

investigates the individual characteristics with regard to previous experience and 

gender.  

 

5.4.1 Motivation  

With regard to the motivation of these firm-employed PhD students, the empirical 

analysis identified elements of the theoretically expected motivations related to the 

so-called ribbon, gold, puzzle-solving and pro-social; it also revealed motivations 

not previously identified in theory. Table 5.4 displays the motivations for each firm-

employed PhD student, which will be discussed further in the coming sections.  

 

 

 

 

 

 

 

 



 
  

143 

Table 5.4 Motivation for becoming a firm-employed PhD student. 

Name Extrinsic motivation Intrinsic motivation  

Ribbon Gold Puzzle-solving Pro-social Other* 

Adrian - - Satisfying personal interest 

and curiosity 

Achieving knowledge-

related goals 

- - 

Charlie - - Obtaining a more 

interesting job in industry* 

- - 

Daniel Recognition 

from 

industry* 

- - - Perceived increased 

employability after 

PhD 

Perceived value in 

combining academic 

and industrial 

perspectives 

Edward - Accessing 

resources 

Achieving knowledge-

related goals 

 

- Perceived value in 

combining academic 

and industrial 

perspectives; 

Perceived increased 

employability after 

PhD 

Fabio - Increasing 

personal 

income 

 

Satisfying personal interest 

and curiosity 

 

Perceiving 

an 

opportunity 

to push 

civilization 

forward 

- 

Gabriel - - Satisfying personal interest 

and curiosity  

- Perceiving value in 

combining academic 

and industrial 

perspectives 

Hank - - Satisfying personal interest 

and curiosity 

- Perceiving value in 

combining academic 

and industrial 

perspective 

Ivar - - Satisfying personal interest 

and curiosity  

- Perceiving value in 

combining academic 
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and industrial 

perspective 

James - - Satisfying personal interest 

and curiosity 

 

- Perceiving value in 

combining academic 

and industrial 

perspective 

Kevin - - Satisfying personal interest 

and curiosity 

Achieving knowledge-

related goals 

- Perceiving value in 

combining academic 

and industrial 

perspective 

Lucas - - Satisfying personal interest 

and curiosity 

- - 

Marcus - - Achieving knowledge-

related goals 

- Perceiving good 

timing to pursue a 

PhD education 

Nick - - - - Perceiving value in 

combining academic 

and industrial 

perspectives 

Perceiving increased 

employability after a 

PhD 

Oliver - - Achieving knowledge-

related goals 

Obtaining a more 

interesting job in industry* 

- - 

Philip - - Satisfying personal interest 

and curiosity 

- - 

*These are motivations that are derived from the empirical analysis and was not anticipated in existing literature.  

 

As shown in Table 5.4, these individuals are primarily motivated by intrinsic 

motivational factors to become firm-employed PhD students; only three of the 15 

students express extrinsic motivational factors, while 13 are motivated by intrinsic 

factors. In addition, 10 of the individuals express motivational factors that have not 

been clearly identified in the existing literature. Below, I will discuss these extrinsic, 

intrinsic, and empirically based motivations, and what they mean in this context.  
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Extrinsic motivation  

Based on the empirical analysis, my interpretation is that extrinsic factors do not 

constitute the main motivation for individuals to become firm-employed PhD 

students. More precisely, only one individual, Daniel, expressed being motivated by 

receiving recognition from industry. This statement is similar to the “ribbon”-

inspired reason of “receiving recognition” (Lam 2011). However, there is an 

important distinction: In this case, receiving recognition is related to industry and not 

to academia, as Lam (2011) suggests. Thus, my interpretation is that, for these early-

stage career scientists, this motivation is about receiving attention from industry, 

rather than from academic peers as the existing literature suggests. Therefore, I 

consider this motivation to be a new “ribbon”-related category that I call receiving 

recognition from industry, which is not found in the existing literature. A more 

striking reflection is that only one individual out of 15 mentions a “ribbon”-related 

motivation at all, even though the theoretical expectation is for this type of 

motivation to be common (Lam 2011). For instance, none of the individuals express 

a desire to become a firm-employed PhD student for reasons connected to rewards 

related to patents (Murray 2006; Owen-Smith 2003), publications, or gaining 

prestige (Lam 2011).  

 

In regard to gold-related reasons, two individuals, Edward and Fabian, expressed that 

“getting paid to study” and “Firm G [offering] a unique program for PhD students” 

were important to them in choosing to become firm-employed PhD students. Here, I 

interpret the former statement to confirming the existing literature on the motivation 

of increasing personal income (Perkmann et al. 2021), while I interpret the latter as 

accessing resources (Perkmann et al. 2021). Nevertheless, “getting paid” and 

“increasing personal income” might not be the same thing, as Fabio does not clearly 

express that he is receiving a higher salary than he had in his previous job. Rather, 

this motivation reflects that Fabio values the opportunity to be paid while pursuing 

his PhD studies. In the other example, Edward states, “I was just going to do an 
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industrial job in some sense, in the R&D field, but […] then Firm G has this unique 

program […] for employees that can, eh, go to a PhD position combined with 

academia and still work with Firm G.” I interpret this as Edward being motivated by 

being able to access and utilize resources (Perkmann et al. 2021), both at the firm 

and at the university.  

 

My interpretation of these findings is that extrinsic motivation does not play a large 

part in these individuals’ decisions to become firm-employed PhD students. 

Receiving “ribbon”-related rewards does not seem to motivate these early-stage 

career scientists to the same degree as higher ranked scientists—a finding that 

contradicts existing research (Lam 2011). Similar insights can be seen concerning 

the gold-related reasons; however, these findings are in line with existing theory, 

since gold can be seen as a consequence of rewards related to “ribbon” motivations 

(Stephan 1996). Thus, I interpret the “gold”-related motivations as hygiene factors 

instead of as prime drivers of the students’ collaboration with industry (Herzberg 

1966; Seligman & Csikszentmihalyi 2000).  

 

Intrinsic motivation  

Most of the interviewed individuals are intrinsically motivated to become firm-

employed PhD students. This finding is in line with existing theory (Lam 2011; 

Perkmann et al. 2021), indicating that early-stage career scientists are primarily 

driven by intrinsic rewards, just as their more highly ranked academic peers. More 

specifically, in this study, the individuals are motivated to become firm-employed 

PhD students in order to achieve knowledge-related goals (Perkmann et al. 2021) and 

satisfy personal interest and curiosity (Mangematin 2000). A few individuals are 

motivated to obtain a more interesting job in industry, which is similar to 

Mangematin’s (2000) motivation “get a more interesting job.” However, 

Mangematin (2000) specifically refers to a job in academia, whereas the interviewed 

firm-employed PhD students are clearly targeting jobs in industry. Based on this 
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clear distinction between academia and industry, my interpretation is that the 

empirical material does not confirm with this motivation reported by Mangematin 

(2000). Instead, I consider obtaining a more interesting job in industry to be a new 

category of motivation with a puzzle-solving-related character. One of the 

individuals expresses that he is motivated by the opportunity to push civilization 

forward, which can be considered a pro-social motivation (Iorio et al. 2017). These 

forms of intrinsic motivation will be discussed in the next sections. 

 

With regard to puzzle-solving-related motivations, the theoretical expectations are 

fulfilled, as reasons connected to achieving knowledge-related goals and satisfying 

personal curiosity and interests are indeed identified. More precisely, five of the 

individuals express in different ways that they chose to become firm-employed PhD 

students in order to achieve knowledge-related goals (Perkmann et al. 2021). These 

individuals express being driven by a knowledge gap they found important to close, 

either for themselves as individuals or for the firm. For example, Marcus explains, 

“I realized the usefulness of educating myself further. So it was basically on my 

initiative and based on my own knowledge gaps that became a trigger point to pursue 

PhD education, and not the firm identifying a specific area that they needed to 

develop competence within.” Similarly, Edward describes a gap—this time, one that 

was significant to the firm: “We identified this gap, and that’s why we created this 

project, and then I was involved pretty early in the phase, eh, because we found this 

gap to be significant and we realized we could work on this with a research interest 

as well.” Nine of the students express that they aimed to satisfy their personal 

curiosity and interests (Mangematin 2000) by becoming firm-employed PhD 

students. For example, Kevin explains, “At that time, I was very interested in 

learning more about machine learning; I’ve been reading up on it but didn’t really 

have time for it, because I had to deliver a lot with regard to the products.” Others 

stress that the PhD project needed to be interesting to them, for example by focusing 

on hot topics and future technology; as Gabriel and Lucas respectively explain, 
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“being a firm-employed PhD student was not so important; for me, it was more about 

finding the right project” and “yes, it was important [the research project]; I had not 

applied for whatever position, it had to be something related to what I wanted to work 

on and what I was knowledgeable about. So I didn’t apply for a firm-employed PhD 

position for the sake of the position itself.” As for “getting a more interesting job [in 

academia]” (Mangematin 2000), this motivation was not identified in the empirical 

material. Instead, two of the students express that they wanted to become a firm-

employed PhD student to obtain a more interesting job in industry. For instance, 

Oliver says, “I started focusing on becoming a project leader but, after a while, I got 

tired of it and thought it would be better to return to the more technical aspects. And, 

therefore, I tried to organize [things] so I could become a PhD student.” In this 

context, however, the “more interesting job” is in industry rather than academia, 

unlike the case reported by Mangematin (2000). For example, Charlie states: “I 

realized there were really many PhDs in those parts of R&D.” I interpret this 

statement as meaning that a PhD degree serves as a qualifier for operating within 

certain industrial areas, such as specific parts of a firm’s R&D department. With 

regard to pro-social motivation (Iorio et al. 2017; Grant 2008), just one individual 

expressed that becoming a firm-employed PhD student would be an opportunity to 

push civilization forward. This motivation mainly emphasizes the importance of 

research for society, as compared with engaging with third-party organizations; thus, 

I interpret it as a pro-social motivation.  

 

Empirically based motivation 

Three other motivations were identified in the empirical analysis, which I interpret 

to be of an intrinsic nature: perceiving value in combining academic and industrial 

perspectives, perceiving increased employability after obtaining a PhD, and 

perceiving good timing to pursue a PhD education. Eight of the interviewed 

individuals see value in combining the academic and industrial perspectives during 

their PhD education. I have categorized this motivation as perceiving value in 
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combining academic and industrial perspective. For example, James explains: “I 

want to stay in research but […] I have always been curious about what is outside, 

such as companies […] the industrial PhD is exactly something in-between, so you 

manage to see both sides, and, after 4–5 years, you manage to have more information 

about both sides […] and I think that was exactly what I needed.” Nick expresses a 

similar view more succinctly by stating that a firm-employed PhD position is the 

“best of both worlds.” My interpretation is that these individuals appreciate the 

combination of research and application, because they are curious about 

technological development within certain areas that are dependent on research 

discoveries. Thus, although some individuals had not originally intended to undergo 

a PhD education, they did so anyway, because the project topic matched their 

personal curiosity and interests.  

 

Three individuals expressed that they perceived that they would gain increased 

employability after finalizing their PhD as a firm-employed student, in comparison 

with being a university-employed PhD student, which could suffer from lock-in 

effects. I have categorized this motivation as perceiving increased employability 

after a PhD. Finally, one individual was motivated to become a firm-employed PhD 

student due to good timing. Marcus explains: “then, in 2014, our CEO announced 

that Firm G won’t be working on taking this route further until 2023, and then I 

thought it would be a good time to pursue a PhD, because nothing will happen within 

this area during the coming 4 years, until Firm G develops it [their product], so I 

might as well develop this competence while there is time for it.” I have categorized 

this motivation as perceiving good timing to pursue a PhD education. 

 

Finally, it is my interpretation that these empirically based motivations are of an 

intrinsic nature, rather than an extrinsic nature. Therefore, these motivations will be 

added to the intrinsic reasons that motivate individuals to become firm-employed 

PhD students.  
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Summary: Motivation  

To sum up the analysis regarding the motivations for becoming a firm-employed 

PhD student, I conclude that these individuals are primarily driven by intrinsic 

motivation rather than extrinsic motivation. Contradictory to the existing research, 

only one individual is motivated by the extrinsic rewards of the “ribbon,” and that 

individual seeks being recognized by industry, not academia, unlike the expectation. 

Thus, the firm-employed PhD students in this study are different from their more 

experienced academic peers in this regard. Furthermore, these early-stage career 

scientists are intrinsically motivated by rewards that are primarily related to the 

puzzle at hand, rather than pro-social reasons. In the present case, however, getting 

an interesting job refers to a job in industry rather than the expected academia. This 

difference sets these firm-employed PhD students apart from PhD students in 

general, indicating that individuals in collaborative PhD projects have different 

motivations than individuals in non-collaborative PhD projects. More specifically, 

the individuals in this study are motivated to become firm-employed PhD students 

for intrinsic reasons related to 1) satisfying personal interests and curiosity 

(Mangematin 2000); 2) perceiving value in combining academic and industrial 

perspectives during their PhD education; and 3) achieving knowledge-related goals 

(Perkmann et al. 2021). Less common intrinsic motivations include obtaining a more 

interesting job in industry, perceiving increased employability after a PhD, and 

perceiving good timing to pursue a PhD education. Extrinsic motivation is 

represented by a few examples of receiving recognition from industry, increasing 

personal income (Perkmann et al. 2021), and accessing resources (Perkmann et al. 

2021). No motivations were identified regarding obtaining a more interesting job in 

academia (Mangematin 2000), patents (Murray 2006; Owen-Smith 2003), 

publications, or gaining recognition or prestige from academic peers (Lam 2011).  
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5.4.2 Individual characteristics  

In this section, I outline and discuss the individual characteristics of the 15 firm-

employed PhD students. Table 5.5 summarizes my findings on previous career 

experience, whether the Master’s degree was obtained at The University, most recent 

position, and whether the Master’s thesis was conducted while at the current 

employer (if they were previously students). It also provides my interpretation of 

their involvement in initiating their own PhD project.  

 
Table 5.5 Overview of individual characteristics, most recent position, whether the Master’s thesis was conducted at 

the current employer, and involvement in initiation of the PhD project.  

Name* Previous 

career 

experience 

Master’s 

degree at The 

University 

Most recent position Conducted MSc 

thesis at current 

employer** 

Initiated the 

PhD project 

Edward Yes Yes Employee at Firm D - Yes 

Kevin Yes No Employee at Firm G - Yes 

Marcus Yes Yes Employee at Firm G - Yes 

Oliver Yes Yes Employee at Firm D - Yes 

Daniel No Yes Student at The University Yes Semi 

Gabriel No Yes Student at The University Yes Semi 

Ivar No Yes Student at The University Yes Semi 

Adrian No Yes Student at The University No No 

Charlie Yes Yes Employee at Firm G - No 

Fabio Yes Yes Employee at Firm C - No 

Hank No No Student No No 

James No No Student No No 

Lucas No Yes Student at The University No No 

Nick No Yes Student at The University No No 

Philip No Yes Student at The University No No 

*All firm-employed PhD students are male. 

**Individuals with prior career experience are not considered in this category, since their previous careers are 

interpreted to be more important than where they conducted their Master’s thesis.  

 

As shown in Table 5.5, there is some variation in the individual characteristics of 

these male firm-employed PhD students. The next sections include a more detailed 

discussion around the individual characteristics and their variation, in terms of 

previous career experience, previous engagement experience, and previous 
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education. I will also discuss the students’ involvement in initiating their own PhD 

projects and provide my interpretation of how individual characteristics may 

influence reducing the cognitive distance between involved parties  

 

Previous career experience 

Six of the firm-employed PhD students have previous career experience: Charlie, 

Edward, Fabio, Kevin, Marcus, and Oliver. All have 4–5 years of previous career 

experience from organizations outside of The University. All except Fabio became 

firm-employed PhD students at the firm they were previously employed at. In 

addition to previous career experience, Kevin has research experience at a foreign 

university. Another student, James, worked part time as a research assistant during 

his education. However, I do not interpret these experiences as “career experience” 

because they are not external to academia. Thus, nine firm-employed PhD students 

are interpreted has having no or less than 6 months of previous career experience 

outside of academia before beginning their PhD studies.  

 

In the literature, industrial work experience has been reported to lower barriers to 

entering collaboration with industry for science and engineering academics in the 

UK (Tartari et al. 2012). In this study, however, most of the PhD students lack 

previous career experience and started their position as a firm-employed PhD student 

directly or within 6 months after graduating from their Master’s degree. The reasons 

for this lack of experience are not deeply explored in this PhD dissertation; however, 

a potential reason could be that career experience in certain knowledge domains is 

scarce. For example, some of these projects address fairly new areas such as artificial 

intelligence, machine learning, and automation. The six firm-employed PhD students 

that do have previous career experience all have 4–5 years of experience. Thus, in 

this study, the PhD students are interpreted as having no or fairly long career 

experience.  
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Previous engagement experience 

Three of the students without previous career experience—Daniel, Gabriel, and 

Ivar—did their Master’s thesis at the firm they now are employed at as PhD students. 

I interpret these Master’s theses as previous engagement experience (Lawson et al. 

2016; Tartari et al. 2012), especially since they were conducted in collaboration with 

The University and the same firm at which these three individuals are now employed 

as PhD students.  

 

Another student, Marcus, has experience of research collaborations involving The 

University and Firm G. In these collaborations, however, Marcus was employed at 

Firm G and represented the firm. Since “previous engagement experience” 

specifically involves the engagement of academics with industry, and not include the 

engagement of firm employees with academia, I do not interpret Marcus as having 

previous engagement experience.  

 

Previous education 

The highest degree of these individuals is a Master’s degree. Fourteen of the firm-

employed PhD students obtained their Master’s degree in Sweden, with 12 obtaining 

their degree at The University and two at other universities in Sweden. One of the 

firm-employed PhD students has a Master’s degree from a university located outside 

of Sweden, in another European country. The 12 students that obtained their degree 

at The University are interpreted as being locally trained. My interpretation is that, 

as reported in the literature, these individuals are primarily conducting academic 

engagement within the same country in which they obtained their degree (Tartari et 

al. 2012; Lawson et al. 2019). Importantly, the degree of education in this case is a 

Master’s degree rather than a PhD degree (as in the previous literature). Therefore, 

this finding indicates that being locally trained influences the pursuit of academic 

engagement early-stage career scholars, as well as for the PhD holders and higher 

ranked scientists reported on in the literature.  
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Experience of research 

The empirical analysis reveals that the firm-employed PhD students included in this 

study have limited experience of research, as their highest degree of education is the 

Master’s level. However, three of the individuals have been more exposed to research 

environments than the rest. I categorize this as experience of research to illustrate 

that even early-stage career scientists may have some experience of research, albeit 

not to the same extent as more experienced academics with a PhD degree. In this 

study, I interpret James, Kevin, and Marcus as having experience of research, 

because James worked as a research assistant during his education, Kevin have 

previously worked at a foreign university, and Marcus collaborated with The 

University during his employment at Firm G. More precisely, I consider these 

individuals to have gained some degree of research experience through their previous 

jobs, albeit not to the same level as a PhD degree. Thus, although I perceive James, 

Kevin, and Marcus as having limited experience of research, their experience is still 

at a higher level than that of the other students in this study.  

 

Initiation of the PhD project 

The firm-employed PhD students in this study influenced the initiation of their own 

PhD projects in different ways. Most of the students were not involved in the 

initiation of their PhD project at all. In these cases, the PhD projects were initiated 

by the academic and industrial supervisors, and the individual students became 

involved later in the process by applying for the position. For example, Charlie 

explains: “they announced a PhD position, and I applied for it, and, yes, I got it.” 

Thus, some students were not involved in initiating their PhD project as such, 

although they qualified as suitable candidates for the PhD project once it was 

established. Three of the students, Daniel, Gabriel, and Ivar, were semi-involved in 

initiating their own PhD project by conducting their Master’s thesis together with the 

firm that is now their employer. Thus, although they did not initiate the project 

themselves, they were included early on in the process and had ongoing discussions 
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with their respective supervisors. For example, Ivar explains: “when I was doing my 

Master’s thesis, I was talking to people over lunch or a cup of coffee, and so on. My 

Master’s thesis supervisor [at the firm], his colleague is now my supervisor in the 

PhD project, and we talked on several occasions about many things, and then he 

came and asked me if I would be interested in it, so that’s how I got introduced.” 

Four of the students, Edward, Kevin, Marcus, and Oliver, self-initiated their own 

PhD project, using their professional networks at the firm they were employed at to 

formulate project topics, assign supervisors, and apply for funding. For example, 

Oliver explains, “I tried to organize [things] so I could become a PhD student. I 

started by talking with my boss at that time, and said to her that I was interested in 

this, and then she helped me. I also talked to other colleagues to formulate what area 

I should do research in; we formulated a project proposal and sent it in to Grant 

Public A and finally got the grant accepted.”  

 

This diversity in students’ individual characteristics and their involvement in 

initiating their own PhD project represent a difference in the conditions between 

individuals when embarking on their PhD education, which might affect the 

consequences of their later academic engagement. To address this diversity, I utilize 

the concept of cognitive proximity (Nooteboom 2000; Boschma 2005). As 

previously discussed in the theoretical section of this chapter, reductions in the 

cognitive distance between individuals (Nooteboom 2000) are expected to be largely 

influenced by their work history and educational background (Cummings 2004; 

Broström & McKelvey 2018), while other sorts of proximity are less relevant at this 

stage. Therefore, the educational background and work history of the firm-employed 

PhD students will be discussed next.  

 

The majority of the individuals in this study obtained their Master’s degree from The 

University. However, Hank, James, and Kevin obtained their Master’s degrees from 

other universities in Sweden and Europe and are therefore interpreted as being less 
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cognitively close to individuals at The University. It should be noted that “being 

locally trained” in this study refers to the students’ education at the Master’s level 

and does not take into consideration research or training at the PhD level or higher, 

as these individuals are early-stage career scientists. So, despite being locally trained, 

which is in line with previous research, none of the firm-employed PhD students are 

cognitively close to performing research at The University. With a few exceptions, 

such as James, Marcus, and Kevin, the students involved in this study have little 

experience with conducting research. This is probably because, although they are 

locally trained at the Master’s level, these individuals are not cognitively close to 

individuals at The University when it comes to research activities beyond the 

Master’s level. This is not surprising, since they do not yet have a PhD degree; 

however, they may have some experience of The University, albeit perhaps not 

sufficient to reduce their cognitive distance with individuals at The University in 

relation to conducting research. With regard to previous engagement experience, 

three of the students have experience of engaging with industry due to collaborative 

Master’s thesis projects. This is interpreted as being a way to reduce the cognitive 

distance with firms for individuals with no previous career experience, albeit to a 

lower degree.  

 

In terms of work history, six students have previous career experience and five of 

them are interpreted as being cognitively close to their employing firm, since they 

already spent 5 years working for the firm. Fabian has previous career experience 

from a different firm than the one he is currently is employed at as a firm-employed 

PhD student. Thus, although he has industrial experience, he might not be able to 

utilize it to the same extent as the other students with previous career experience; 

therefore, he is interpreted as not being cognitively close to his current employing 

firm. In terms of research experience, James, Kevin, and Marcus are interpreted as 

having experience of research through their previous job positions, which were 

within academia for James and Kevin, while Marcus obtained his experience by 
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collaborating with The University while being employed by Firm G. I interpret this 

as these individuals having a reduced cognitive distance to The University due to 

their work history.  

Table 5.6 gives an overview of my interpretation of how certain individual 

characteristics may reduce those individuals’ cognitive distance with individuals at 

The University or the firm. It should be noted that the gender or motivation of the 

individuals is not interpreted as influencing their cognitive distance in this 

professional context.  
Table 5.6 Individual characteristics that reduce cognitive distance between firm-employed PhD students and 

individuals at The University and firms. 

  

With regard to reducing their cognitive distance with individuals at The University 

and firms, the majority of the students have a similar level of cognitive proximity to 

The University due to obtaining their Master’s degree there; only a few students have 

additional research experience. Thus, the individuals in this study are interpreted as 

being similar in this regard, while larger differences exist within the group when it 

comes to their cognitive proximity with individuals at the involved firms. Hence, as 

cognitive distance is reduced during the formation phase of this specific form of 

academic engagement, the degree to which cognitive distance is reduced with the 

firms varies.  

 

Summary: Individual characteristics and the reduction of cognitive distance  

In exploring the individual characteristics of firm-employed PhD students, I 

conclude by acknowledging that diversity exists among these individuals with regard 

to previous career experience (Tartari et al. 2012), previous engagement experience 

(Lawson et al. 2016), experience of research, and how involved the students are in 

initiating their own PhD project. However, the firm-employed PhD students are 

Individual characteristics  Reducing cognitive distance Number of firm-employed 
PhD students 

Previous engagement experience 
MSc degree at The University 
Previous career experience 
Experience of research 

Educational background 
Educational background 
Work history 
Work history 

3/15 
12/15 
5/15 
3/15  
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similar in regard to being locally trained (Tartari et al. 2012; Lawson et al. 2019), as 

most of them received their Master’s degree at a Swedish university.  

 

My interpretation is that the students began their PhD education under different 

conditions, due to the variation in the students’ previous experiences. I have utilized 

the concept of cognitive distance (Nooteboom 2000; Boschma 2005) to address this 

variation, and my analysis identifies the majority of individuals as being cognitively 

close to The University, while the degree to which they are cognitive close to the 

firms may vary.  

 

Next follows a more detailed discussion of three scenarios through which individuals 

can become firm-employed PhD students; this discussion also incorporates the 

motivation and individual characteristics discussed in previous sections.  

 

5.5 Discussion: Three scenarios of becoming a firm-employed PhD 

student 

5.5.1 Scenario 1: Supervisor-initiated project 

I define a supervisor-initiated project as a collaborative PhD project that was entirely 

initiated by the academic and industrial supervisor, while the PhD student was 

recruited later in this process. This scenario is the most common one by which 

individuals can become firm-employed PhD students. The supervisors in this study, 

at both The University and the firms, are male and have at least a PhD degree (see 

Chapter 4). This research is especially focused on the antecedents of the firm-

employed PhD students; therefore, the pre-phase interactions between these 

supervisors will not be investigated in detail. However, with regard to demographic 

attributes, my interpretation is that these initiating supervisors are aligned with the 

existing theory in terms of gender (Abreu & Grinevich 2013, 2017; Tartari & Salter 

2015) and seniority or academic rank (Abreu & Grinevich 2013; Lawson et al. 2019; 

Tartari & Breschi 2012). Thus, in this scenario, senior male scientists initiate 
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academic engagement with industry, exactly as the existing theory predicts 

(Perkmann et al. 2021). Furthermore, these more established researchers at The 

University and firms have usually obtained resources through the Swedish 

competitive grant system. When their grant application, which requires the academic 

and industrial organizations to jointly agree and apply, has been accepted, they are 

able to announce a position for a firm-employed PhD student and recruit a suitable 

candidate. My interpretation here is that the organizational and institutional context 

matters regarding the procedures that need to be followed to initiate this form of 

academic engagement with industry.  

 

Diversity exists among the PhD students who obtained their position through this 

scenario, regarding their motivation, work history, and educational background. 

Thus, this scenario allows individuals with mixed motivations and backgrounds to 

become firm-employed PhD students, making it difficult to distinguish specific 

characteristics that define this group of individuals. The most common motivations 

for becoming a firm-employed PhD student in this group is satisfying personal 

interest and curiosity (Mangematin 2000) and perceiving the value in combining 

academic and industrial perspectives. Single statements of other motivations were 

also identified: increasing personal income (Perkmann et al., 2021), achieving 

knowledge-related goals (Perkmann et al., 2021), obtaining an interesting job in 

industry, perceiving an opportunity to push civilization forward, and perceiving 

increased employability after a PhD. Pro-social motivations were only found in this 

group, and none of the individuals in this group were motivated by ribbon-related 

reasons. With regard to work history, two individuals have previous career 

experience, while six do not have such experience and one has previous experience 

of research. The latter, James, has experience of research from a previous job position 

in academia. In terms of education background, six of these individuals are locally 

trained at The University, one obtained his MSc degree in Sweden and one obtained 

it in Europe. My interpretation is that the individuals that have become firm-
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employed PhD students through supervisor-initiated projects (which is the most 

common way) can have a diverse set of motivations and backgrounds, as displayed 

in Table 5.7. 

 
Table 5.7 Supervisor-initiated projects: Motivation, work history, and educational background of eight students. 

Extrinsic 

motivation* 

Intrinsic motivation  Work history Educational 

background (MSc) 

Gold Puzzle-solving Pro-social New category 

1/8: 

Increasing 

personal 

income 

6/8: Satisfying 

personal interest 

and curiosity 

 

1/8: Achieving 

knowledge-related 

goals 

 

1/8: Obtaining an 

interesting job in 

industry 

1/8: 

Perceiving an 

opportunity 

to push 

civilization 

forward 

 

3/8: Perceiving 

value in 

combining 

academic and 

industrial 

perspective 

 

1/8: Perceiving 

increased 

employability 

after a PhD 

2/8: Previous 

career 

experience 

 

1/8: Experience 

of research  

 

0/8: Previous 

engagement 

experience 

6/8: The University 

 

1/8: Sweden 

 

1/8: Europe 

* No “ribbon”-related motivations were identified in this scenario, so this category is not included in the table. 

 

As argued earlier in this chapter, this diversity in work history and educational 

background may affect the reduction of cognitive distance between the involved 

parties. For this supervisor-initiated scenario, my interpretation is that these PhD 

students are able to bridge the cognitive distance (Nooteboom 2000) in various ways, 

due to their diverse experiences. There is no single individual profile that stands out 

for this scenario; therefore, my interpretation is that the cognitive distance can be 

reduced more in some cases than in others. For instance, a student that has a Master’s 

degree from outside of Sweden and has no previous career or research experience is 

expected to reduce his cognitive distance to a lower degree compared with an 

individual who obtained his Master’s degree at The University and has previous 

career experience. Based on this reasoning, I interpret the supervisor-initiated PhD 
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projects as reducing the students’ cognitive distance to varying degrees, based on the 

individual PhD students’ work history and educational background.  

 

5.5.2 Scenario 2: MSc thesis-initiated project 

I define an MSc thesis-initiated project as a collaborative PhD project that was 

primarily initiated during a collaborative MSc thesis involving the specific 

university, firm, and graduate student. This is the least common scenario. 

Importantly, just as in the previous scenario, the academic and industrial supervisors 

must agree beforehand on collaborating in this form of academic engagement, and 

must apply for grants through the Swedish competitive grant system. For this 

scenario, however, the PhD student-to-be is involved in initiating the PhD project to 

some degree, through a collaborative Master’s thesis project including The 

University and the specific firm that later employs the individual as a PhD student. 

My interpretation is that the PhD student-to-be can utilize his collaborative Master’s 

thesis to gain engagement experience (Lawson at al. 2016) with a specific firm, 

which is identified in the existing literature as reinforcing new engagements with 

industry (Lawson et al. 2016) and lowering barriers to entry (Tartari et al. 2012).  

 

The PhD students that obtained their position through this scenario are primarily 

motivated by perceiving the value in combining academic and industrial 

perspectives during their PhD education, as well as satisfying their personal interests 

and curiosity (Mangematin 2000). Single statements of other motivations are 

identified through the empirical analysis, in terms of receiving recognition from 

industry and perceiving increased employability after a PhD. No motivations related 

to “gold” or pro-social reasons were identified. In terms of work history, all three 

individuals obtained engagement experience through collaborative Master’s thesis 

projects; however, none have any previous career experience or experience of 

research. With regard to educational background, all are locally trained and received 
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their Master’s degree at The University. An overview of these findings is displayed 

in Table 5.8 below.  

 
Table 5.8 MSc thesis-initiated projects: Motivation, work history, and educational background of three students. 

Extrinsic 

motivation* 

Intrinsic motivation** Work history Educational 

background (MSc) 

Ribbon Puzzle-solving New category 

1/3: 

Recognition 

from 

industry 

2/3: Satisfying 

personal interest 

and curiosity 

 

 

3/3: Perceiving the value 

in combining academic 

and industrial 

perspectives 

 

1/3: Perceiving increased 

employability after a 

PhD 

3/3: Previous engagement 

experience  

 

0/3: Previous career 

experience  

 

0/3: Experience of research  

3/3: The University 

 

0/3: Sweden 

 

0/3: Europe 

* No “gold”-related motivations were identified in this scenario so this category is not included in the table. 

** No pro-social motivations were identified in this scenario so this category is not included in the table. 

 

My interpretation is that, for the individuals that became firm-employed PhD 

students through this scenario, the key element is gaining engagement experience 

through a collaborative Master’s thesis that includes this specific university and firm. 

As argued in previous sections, my interpretation is that previous engagement 

experience can reduce the cognitive distance between the involved parties. However, 

I do not consider this type of previous engagement experience to be equal to previous 

career experience, as the duration of the Master’s thesis is relatively short and the 

students were not employed by the firm during their Master’s thesis. Thus, based on 

the educational background of this group of students, I consider the students to be 

somewhat cognitively close to the firms, albeit to a lower degree than those with 

previous career experience. I interpret these individuals as being cognitively close to 

The University due to being locally trained at this specific university.  
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5.5.3 Scenario 3: Firm-initiated project 

I define a firm-initiated project as a collaborative PhD project that was primarily 

initiated by a firm employee, who then developed and defined the project together 

with the academic and industrial supervisors. Four of 15 individuals have become 

firm-employed PhD students through this firm-initiated project scenario. In this 

scenario, the PhD student-to-be was involved in initiating his own project to a greater 

extent than in previous scenarios. However, just as in previous scenarios, these 

individuals had to have support from the academic and industrial supervisors in this 

process, which required both organizations to agree on and apply for funding for this 

form of academic engagement with industry. Thus, an individual cannot organize on 

his or her own to become a firm-employed PhD student, as organizational and 

institutional procedures control this process. What is special in this scenario, 

however, is that the PhD student-to-be drove the process and set it up. In Oliver’s 

case, for example, the student had a clear intent to become a firm-employed PhD 

student and utilized his network within the firm to obtain the resources he needed to 

do so, by identifying a suitable topic, finding a suitable academic supervisor, and 

applying for funding.  

 

The individuals that obtained their position through this scenario exhibit some 

similarities with regard to motivation, work history, and educational background. 

Specific for this scenario, the individuals are primarily motivated by achieving 

knowledge-related goals (Perkmann et al. 2021), in that they identified a knowledge 

gap that was valuable to address for both the individual and the firm. Furthermore, 

these individuals perceive the value in combining academic and industrial 

perspectives. Single statements of other motivations have been identified, including 

accessing resources (Perkmann et al. 2021), satisfying personal interests and 

curiosity (Mangematin 2000), obtaining a more interesting job in industry, 

perceiving increased employability after a PhD, and perceiving good timing to 

pursue a PhD education. With regard to work history, all of the individuals have 4–
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5 years of previous career experience at the specific firm at which they are now 

employed to conduct their PhD education. Two of them, Kevin and Marcus, also 

have experience of research from previous job positions. All of the individuals have 

a similar educational background, being locally trained in Sweden (three at The 

University). An overview of these motivations and backgrounds is displayed in Table 

5.9. 

 
Table 5.9 Firm-initiated PhD projects: Motivation, work history, and educational background of four students.  

Extrinsic 

motivation* 

Intrinsic motivation**  Work history Educational 

background (MSc) 

Gold Puzzle-solving New category 

1/4: 

Accessing 

resources 

4/4: Achieving 

knowledge-related goals 

 

1/4: Satisfying personal 

interest and curiosity 

 

1/4: Obtaining a more 

interesting job in 

industry 

2/4: Perceiving value in 

combining academic and 

industrial perspectives 

 

1/4: Perceiving increased 

employability after PhD 

 

1/4: Perceiving good 

timing to pursue a PhD 

education 

4/4: Previous 

career experience 

 

2/4: Research 

experience 

 

0/4: Previous 

engagement 

experience 

3/4: The university 

 

1/4: Sweden 

 

0/4: Europe 

* No “ribbon”-related motivations were identified in this scenario so this category is not included in the table. 

** No pro-social motivations were identified in this scenario so this category is not included in the table. 

 

My interpretation is that this scenario aligns with existing theory in that previous 

career experience (Tartari et al. 2012) lowers the barriers of entry to collaboration 

with industry. However, contrary to other studies expecting more senior and higher 

ranked academics to initiate academic engagement, this scenario differs from the 

supervisor-initiated projects (Scenario 1) with regard to the involvement from early-

stage career academics—that is, the PhD student. Thus, my interpretation is that the 

individuals who become firm-employed PhD students through firm-initiated projects 

have specific individual antecedents, which enable them to self-select into becoming 

firms’ boundary spanners (Haas 2015; Cros and Prusak, 2002; Leifer and Delbecq, 
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1978). More precisely, I argue that these individuals are able to become firm-

employed PhD students through firm-initiated projects because they are cognitively 

embedded within a specific firm and are therefore able to identify a knowledge gap 

and mobilize resources through their network to fill that gap. In addition, I consider 

these individuals to be cognitively close to The University because they are locally 

trained in Sweden and because some of them have experience of research.  

 

5.5.4 Overview of the three scenarios of becoming a firm-employed PhD 

student 

In the previous sections, I have established that individuals can become firm-

employed PhD students through three different scenarios that, to some extent, are 

characterized by distinct motivations and individual characteristics. All three 

scenarios are similar in that institutional and organizational requirements guide the 

initiation process of the collaborative PhD projects. These requirements include the 

need for the academic and industrial supervisors to agree on collaborating in this way 

beforehand, jointly applying for external financing, and having their application 

accepted in Sweden’s competitive grant environment before they can announce the 

PhD position. Thus, an individual or single organization cannot simply choose to 

start a firm-employed PhD student project without going through this joint process. 

That being said, the empirical analysis indicates that the degree of involvement of 

the PhD student-to-be in initiating her or his own project can vary and may be vital 

when starting the project. Supervisor-initiated PhD projects are most common and, 

in this scenario, the antecedents of the firm-employed PhD students are diverse, 

resulting in variation in terms of how much the cognitive distance between the 

involved parties can be reduced. The MSc thesis-initiated PhD projects are a result 

of collaborative MSc thesis projects with the specific university and firm, while the 

firm-initiated PhD projects are dependent on employees of the firm who self-selected 

into becoming the firm’s boundary spanners by conducting their PhD education. 

Figure 5.1 illustrates how the antecedents at the individual level are related to the 
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scenarios, as well as my interpretation of how the three scenarios influence the degree 

of cognitive proximity between the firm-employed PhD student and individuals at 

The University and the firms.  

 
Figure 5.1 Antecedents and the formation phase of academic engagement with industry. 

 
 

As shown in Figure 5.1, individuals who become firm-employed PhD students 

through supervisor-initiated projects are primarily motivated by satisfying personal 

curiosity and interests (Mangematin 2000) and perceiving value in combining 

academic and industrial perspectives during their PhD education. None of the 

individuals have previous engagement experience; however, they are diverse in their 

previous career experience, the location of their Master’s education, and whether 

they have experience of research. In terms of cognitive proximity (Nooteboom 2000; 

Noteboom et al., 2007), this diversity in individual characteristics affects the degree 
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to which an individual is cognitively close to individuals at The University and the 

firms, which here ranges from zero to high degrees of cognitive proximity.  

 

Individuals that become firm-employed PhD students through MSc thesis-initiated 

projects are less diverse than those in the previous scenario. These individuals are 

motivated by perceiving the value of combining academic and industrial perspectives 

during their PhD education and satisfying personal curiosity and interests 

(Mangematin 2000). None of them have previous career experience (Tartari et al., 

2012) or experience of research; however, they are locally trained at The University 

and obtained previous engagement experience (Lawson et al., 2016) through 

collaborative Master’s thesis projects with that specific university and firm. These 

individuals have a high degree of cognitive proximity to The University, but a low 

degree to the firm.  

 

Finally, individuals who become firm-employed PhD students through firm-initiated 

projects stand out compared with those in the two other scenarios in that they all have 

previous career experience, are locally trained in Sweden, and (to some extent) have 

experience of research. However, they do not have previous engagement experience. 

Thus, these individuals are interpreted as having a high degree of cognitive proximity 

to both The University and the firms.  

 

5.6 Concluding remarks and framework development 
This chapter addressed Research Question 2: 

 

Why and how do individuals become firm-employed PhD students? 

 

This question involves the formation phase of this particular form of academic 

engagement with industry and investigates why and how individuals become firm-

employed PhD students within electrical engineering at The University in Sweden. 
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Three key findings from this chapter are presented below and used to modify my 

conceptual framework.  

 

As shown in Figure 5.2, the findings of this chapter add to our understanding of the 

antecedents at the level of individuals and of the formation phase of this specific 

form of academic engagement with industry. The antecedents under study here 

comprised individuals’ motivation and specific individual characteristics. Regarding 

the formation phase, I distinguished between three scenarios by which the studied 

individuals became firm-employed PhD students and discussed how these scenarios 

characterize the diversity in collaboration conditions for these PhD students.  

 
Figure 5.2. Individual-level antecedents and formation phase of academic engagement with industry. 

 
 

First, the firm-employed PhD students in this study are primarily motivated by 

intrinsic rewards, such as satisfying personal interests and curiosity (Mangematin 

2000), perceiving value in combining academic and industrial perspectives during 

their PhD education, and achieving knowledge-related goals (Perkmann et al. 2021). 
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This finding is in line with the literature that identifies intrinsic rewards as an 

important driver for commercial endeavors (Lam 2011). As for extrinsic motivation, 

only a few instances were identified through the empirical analysis, and only three 

students expressed a combination of extrinsic and intrinsic motivations. Therefore, 

extrinsic motivation is not considered to be a main driver in becoming a firm-

employed PhD student. In regard to “ribbon”-related rewards in particular, a 

divergence was observed from the existing literature that identifies this category of 

motivation as the main driver for commercial pursuit (Lam 2011). The empirical 

analysis also identified five motivations that were not anticipated by the existing 

theory: 

- Receiving recognition from industry 

- Obtaining a more interesting job in industry 

- Perceiving value in combining academic and industrial perspectives during 

PhD education 

- Perceiving increased employability after a PhD education 

- Perceiving good timing to pursue a PhD education 

I have interpreted receiving recognition from industry as a ribbon-related extrinsic 

motivation, obtaining a more interesting job in industry as a puzzle-solving-related 

intrinsic motivation, and the remaining three as new categories of intrinsic 

motivation.  

 

Second, the individual characteristics of the firm-employed PhD students are 

generally diverse, except that all individuals are male and most conducted their 

Master’s education in Sweden. These two similarities confirm the previous literature 

reporting that it is usually locally trained males that conduct academic engagement 

(Perkmann et al. 2013, 2021; Tartari et al. 2012; Lawson et al. 2019). However, 

diversity was found in the PhD students’ previous career experience (Tartari et al. 

2012), previous engagement experience (Lawson et al. 2016), and experience of 
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research—where the latter category was identified through an analysis of the 

empirical material.  

 

Third, the diversity in individual characteristics holds implications for how 

individuals may become firm-employed PhD students regarding the degree of 

involvement of the PhD student-to-be in initiating the project. More specifically, 

three distinct scenarios in which individuals become firm-employed PhD students 

were identified through the empirical analysis. The most common way to become a 

firm-employed PhD student is through a supervisor-initiated project, which basically 

does not involve the student in the initiation at all. This finding confirms the existing 

theory that it is most common for senior male scientists to enter into academic 

engagement with industry (Perkmann et al. 2013, 2021). In MSc thesis-initiated 

projects, individuals without previous career experience managed to be involved in 

the initiation of the PhD project to some degree and to gain engagement experience 

(Lawson et al. 2016) through a collaborative MSc thesis with the specific university 

and firm. However, in the firm-initiated projects, the PhD student-to-be was very 

active in both identifying a knowledge gap and mobilizing resources that led to 

formalizing the PhD project. Thus, although the formation of this form of academic 

engagement always requires the involvement of supervisors, the individual student 

can play a critical role in initiating the project, which has not been anticipated by the 

existing literature. Such individuals are interpreted to self-select to become the firm’s 

boundary spanners (Haas 2015; Cros & Prusak 2002; Leifer & Delbecq 1978). My 

interpretation of the differences between scenarios is that firm-employed PhD 

students do not enter into collaborative research under equal conditions, particularly 

in relation to the firms. More precisely, the degree of cognitive proximity these 

individuals have (Nooteboom 2000) with the involved firm is influenced by their 

work history and educational background (Cummings 2004; Broström & McKelvey 

2018), which is largely related to the scenario by which the individual became a firm-

employed PhD student. Thus, in this specific form of academic engagement with 
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industry, individuals who become firm-employed PhD students through firm-

initiated projects are interpreted as having a high degree of cognitive proximity to 

both The University and the firm. In contrast, individuals from supervisor-initiated 

projects are very diverse in this regard and can have zero to a high degree of cognitive 

proximity to the both The University and the firm. Individuals from supervisor-

initiated projects are considered to have a high degree of cognitive proximity to The 

University but a low degree of cognitive proximity to the firm.  

 

Looking forward, this chapter identified similarities and differences in the 

individual-level antecedents of firm-employed PhD students. Most importantly, the 

empirical analysis established that firm-employed PhD students do not enter into 

collaborative research under equal conditions in relation to the firms, with which the 

students’ degree of cognitive proximity can vary widely.  
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6 Insights into the publications of PhD students  

6.1 Introduction 
This chapter addresses Research Question 3: 

 

How similar are firm-employed and university-employed PhD students in terms of 

the volume and type of their publications during their research education? 

 

To investigate this research question, I conducted a minor study with a cross-

sectional research design, in addition to the main qualitative case study presented in 

Chapter 3. This study, which is reported on in the present chapter, utilized 

quantitative methods to investigate research excellence (Borrell-Damian et al., 

2010). This research provides insights into research-related consequences by a) 

presenting descriptive findings on the volume and type of publications authored by 

firm-employed PhD students during their research education and b) comparing these 

results with those of university-employed PhD students. Here, “research excellence” 

(Borrell-Damian et al., 2010) is operationalized as scientific production and journal 

reputation, where the former includes metrics related to the number of documents, 

type of document and number of co-authors per document. For the latter, I follow the 

existing literature in that I use the journal impact factor (Garfield 2006) as a proxy 

for journal reputation (McKelvey and Rake 2020). Citation and network analysis are 

not included.  

 

As previously discussed in this thesis, the main reason for this cross-sectional study 

of the publications of PhD students is that, on multiple occasions during conference 

presentations in the early stages of this research, I was asked about whether or not 

these firm-employed PhD students actually did research at all, or whether they just 

received a less scientific “industrial PhD title.” Thus, although my research does not 

primarily focus on consequences in terms of research (Perkmann et. al. 2013; 2021) 
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or on comparing different types of PhD students, I could see that the overall research 

design of the dissertation could be augmented by incorporating at least an initial 

insight into how the focal phenomenon contributed to research output. The 

comparison with university-employed PhD students seemed relevant as well, since I 

consider this type of PhD student to exemplify what research excellence (Borrell-

Damian et al. 2010) entails for early-stage career scientists. A complementary 

motivation was that this minor study brings a more nuanced answer to the question 

about firm-employed PhD students’ scientific contribution, which was introduced 

previously in Chapter 4. 

 

The remainder of this chapter is divided into three sections. Section 6.2 presents 

details of the methods underlying my minor study, which is a cross-sectional study 

of publications by PhD students in electrical engineering at a single university in 

Sweden. This section includes details related to data collection and analysis for this 

study. Section 6.3 displays descriptive results of this cross-sectional study, while 

Section 6.4 concludes by briefly summarizing the answers to my research question; 

it also suggests how firm-employed PhD students within electrical engineering in 

Sweden contribute to research-related consequences.  

 

6.2 Cross-sectional study of the publications of PhD students 
Here, the aim was not to pursue a full-scale bibliometric analysis but rather to provide 

descriptive results in order to obtain an initial understanding of the scientific 

production of PhD students within electrical engineering at a single university in 

Sweden and the reputation of the journals that accepted their work. Therefore, this 

study takes on a micro-perspective (Glänzel 2002). The analysis distinguishes 

between university-employed and firm-employed PhD students in order to visualize 

potential similarities between the two types of students. More specifically, I aim to 

display descriptive results with regard to the scientific production of firm-employed 

and university-employed PhD students and the reputation of the journals that 
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accepted their work. Table 6.1 gives an overview of the measures that I use to provide 

this information. A pilot of this cross-sectional study was conducted (specifically 

regarding scientific production) and discussed during a workshop in 2020.  

  
Table 6.1 Overview of measures used to provide insights into students’ scientific production and accepting journals’ 

reputation. 

Scientific production Accepting journals’ reputation 

Number of authors 

Author appearance*  

Number of documents 

Number of sources (journals, books, etc.) 

Type of scientific document  

Number of single-authored documents 

Number of multi-author documents  

Number of co-authors per document 

Mean of the journal impact factor of all journals 

with a SCIE impact factor in which relevant PhD 

documents are accepted and published  

Year-by-year comparison of the median journal 

impact factor of journals having a SCIE impact 

factor that accept and publish relevant PhD 

documents with the median journal impact factor 

of the SCIE category Engineering, Electrical & 

Electronic  

* The number of all authors on all documents 
 
 
6.2.1 Collection of quantitative data  

The selected time period was 2009–2018, and all the PhD students enrolled in the 

electrical engineering department at a single university in Sweden during that period 

were included in the data collection. This specific time period was chosen based on 

how the empirical context in Sweden has evolved; as very few firm-employed PhD 

students existed before 2004 (less than 10 individuals) (UKÄ 2021b), it made sense 

to investigate firm-employed PhD students after that time. There has been a 

significant increase of firm-employed PhD students in Sweden since 2004 (UKÄ 

2021b), so the chosen time period made it possible to incorporate individuals from 

the early years onward, since it takes at least 4 years to complete a PhD in the 

Swedish education system.  

 

Data on all the enrolled PhD students within electrical engineering during 2009–2018 

was provided by administrators at The University. The dataset contained information 

such as name, enrollment date, income source, department affiliation, and research 
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school affiliation. In total, 329 individuals were enrolled in a PhD program within 

electrical engineering at The University at some point during 2009–2018. However, 

not all had completed their PhD degree; therefore, the following steps were 

conducted to clean and prepare the data for analysis.  

 

Graduation year (i.e., the year in which the students defended their PhD dissertation 

and received their PhD degree) was not included in the data provided by the 

administrators at The University. Therefore, my first step was to identify the 

graduation year manually by viewing each student’s publications. First, I visited the 

university’s own website; if needed, I also used LinkedIn, avhandlingar.se, and 

Google to retrieve this information. The search for this information was conducted 

between August 15 and September 7, 2020, and only students finalizing their PhD 

studies before this time period were included in the analysis. However, for 46 

students, the graduation year could not be determined in a trustworthy way; therefore, 

I consulted the administrators at The University, who helped me to identify the 

specific year of graduation. After consulting with the administrators, a total number 

of 150 individuals were identified as having graduated with a PhD degree in the 

electrical engineering department at The University during 2009–2018. 

 

Second, the individuals were categorized by their income source. This was an 

important step in order to be able to distinguish between two specific types of PhD 

students: namely, firm-employed PhD students and academic PhD students. In the 

Swedish context, eight different income sources for PhD studies are possible, these 

are defined below (Statistics Sweden & UKÄ 2021). Firm-employed students are 

included under “FTG” and academic students under “DTJ” (Statistics Sweden & 

UKÄ 2021). 

- DTJ: Doctoral studentship at a higher education institution, irrespective 

of how the post is funded; 
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- HTJ: Other form of employment (other than doctoral studentship) 

within the student’s own HEI or at another (including outside Sweden), 

within which third-cycle study may be pursued;  

- UBB: Doctoral grant; 

- FTG: Externally employed third-cycle student (i.e., a third-cycle 

student employed by a company (and paid by the company) who 

pursues third-cycle studies as part of this paid employment). 

“Company” includes joint-stock companies, partnerships, limited 

partnerships, and sole traders. Employment within a HEI that is funded 

by a company is not reported here but under another appropriate form 

of income; 

- USL: Appointment as a physician or other healthcare professional that 

provides scope for third-cycle study; 

- AUH:  Other forms of employment outside of an HEI (other than by a 

company or as a physician or other healthcare professional) in which 

scope is provided for pursuing third-cycle studies (e.g., employees at 

public authorities, municipalities and country councils, or trade unions). 

Teachers working in compulsory or upper-secondary education and 

studying at graduate schools are to be reported here; 

- STP: Stipends (even from outside of Sweden, but the “allowances” 

provided by SIDA are not stipends); 

- ÖVR: Students who lack income or whose employment is not linked to 

third-cycle studies. This includes those receiving student finance.  

 

The data contained information on each individual and for each semester; therefore, 

there were multiple entries for each individual. Most of the PhD students had the 

same income source throughout their studies.  
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For 51 of the students, however, the data showed a mix of income sources, and it was 

necessary to classify these individuals correctly to conduct my analysis. To identify 

which income source should be assigned to these 51 individuals, the following 

protocol was used: First, the data provided by The University was consulted and, if 

there was mostly one income source reported, then the individual was assigned that 

income source. For example, if eight semesters were reported and six of them had 

DTJ as the income source and the remaining two had STP, then this particular student 

was categorized as DTJ. Next, if the data provided by The University did not give 

enough guidance, then publications (mainly PhD dissertations) were searched for 

additional information. For example, if a PhD student mentioned an industrial 

supervisor in his or her acknowledgment section in the PhD dissertation, then most 

likely this individual could be categorized as having the FTG income source. Finally, 

if neither the data provided by The University nor the publications could give enough 

clarity, then webpages containing CV information were consulted (e.g., LinkedIn). 

A detailed example of decisions regarding income source for some of these 51 

individuals is provided in Appendix C. As 12 of the PhD students had income sources 

other than being employed by a firm or The University, they were excluded from the 

dataset. Thus, at this stage, the dataset included a total of 138 PhD students, of which 

116 had been university-employed (DTJ) and 22 had been firm-employed (FTG).  

 

Next, the preface or acknowledgments sections of PhD theses were used to identify 

students’ main, co- and industrial supervisors. This information was helpful when 

gathering bibliometric data to find the right individual (e.g., if the identified student 

had published with his or her supervisor or with other staff from The University). 

Unfortunately, not all PhD theses were available online; therefore, this information 

could not be identified for some of the students. Finally, the ORCID ID was retrieved 

for each student using the orcid.org website to facilitate the upcoming bibliometric 

information gathering. If it could not be verified that the holder of the ORCID ID 

was the right person (through publications), this information was not collected. For 
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instance, if a student’s name showed up in ORCID ID, but did not have an assigned 

affiliation or any publication to validate it, the ORCID ID was not used.  

 

All bibliometric data was downloaded from the Web of Science during September 

7–15, 2020. In the Web of Science, all years were selected (1945–2020) and all core 

collections were included, except for the Art & Humanities Citation Index (1975–

present). Furthermore, the Author Search BETA function was used to search for each 

student separately. When searching for a student, the ORCID ID was used first. For 

most of the students, however, the ORCID ID had not been identified or the Web of 

Science had no record of the specific ORCID ID. Therefore, most of the students 

were identified by their first and last names. Usually, there was just a single author 

identified by the Web of Science. In cases in which multiple authors were identified, 

the alternatives could be narrowed down to one after selecting Sweden as “country” 

and The University as “affiliation.” To validate the author and publication record 

provided by the Web of Science, the student’s affiliation, sources of publications 

(conferences, journals) and co-authors (e.g., supervisors or other colleagues) were 

examined. For a few students, articles from other people with the same name 

appeared in the Web of Science record. In these cases, publications written by other 

individuals were manually removed and excluded from the Web of Science record. 

In a few cases, publication year and field were refined to narrow down the number 

of publications. After validating that the right author and publications were identified 

in the Web of Science, the data was exported and saved. All publication forms were 

exported in plain text and, due to the framing of this bibliographic analysis, each 

exported file was then cleaned by removing all forms of publication before and after 

the student’s PhD education. Thus, after the above procedures, each student had a 

plaintext file containing information about all the publications they had produced 

during their PhD education. Two university-employed PhD students could not be 

identified nor found in the Web of Science and were therefore excluded from the 

dataset.  
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To sum up, I identified through a number of procedures (described above) the total 

population of individuals that a) graduated with a PhD in the electrical engineering 

department at The University during 2009–2018, b) were either university-employed 

or firm-employed during their PhD education, and c) could be found in the Web of 

Science; this population corresponded to 136 individuals. I found that 179 

individuals did not complete their PhD degree within the given time frame. The 

reasons for not completing their PhD may vary; however, examples included 

dropping out of the program before achieving their PhD degree, and still pursuing 

their education as of 2018. Next, another 12 individuals were excluded due to having 

sources of income other than being employed by The University or a firm. Finally, 

two individuals who could not be identified in the Web of Science were also 

excluded, leaving 136 individuals as the population for the bibliometric analysis.  

 

The total population of 136 students was divided into two bibliometric collections to 

be further analyzed and contrasted: the university-employed and the firm-employed 

PhD student collections. Students that were employed by the university (DTJ) during 

their education represented 84% of the entire population, while students that were 

employed at a firm (FTG) represented 16%. Table 6.2 displays these bibliometric 

collections.  
Table 6.2 Bibliometric collections. 

Bibliometric collection No. of individuals Percentage 

University-employed PhD student 114 84% 

Firm-employed PhD student 22 16% 

Total 136 100% 

 

 
6.2.2 Analysis of quantitative data 

In the next sections, I explain how I analyzed and compared the two collections of 

university-employed and firm-employed PhD students. First, I address scientific 

production; second, I present how I approached the analysis regarding journal 

reputation.  
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Scientific production 

The analysis of scientific production was carried out using the open-source R-

package Bibliometrix (Aria & Cuccurullo 2017, http://www.bibliometrix.org), 

which is distributed and archived by the CRAN network project (https://cran.r-

project.org/). The statistic measures (from Bibliometrix) that I use in my analysis are 

displayed in Table 6.3 below.  
 

Table 6.3 Statistic measures produced by Bibliometrix and used to analyze scientific production. 

Statistic measure Explanation 
Timespan of 
publications 

Year of earliest and latest record in collection 

Author Number of unique authors in the collection 
 
Documents 

 
Based on Web of Science document types (2020):  
Article: Reports of research on original works. Includes research papers, features, brief 
communications, case reports, technical notes, chronology, and full papers that were 
published in a journal and/or presented at a symposium or conference. 

Proceedings paper: Published literature of conferences, symposia, seminars, 
colloquia, workshops, and conventions in a wide range of disciplines. Generally 
published in a book of conference proceedings. 

Records covered in the two Conference Proceedings indexes (CPCI-S and CPCI-SSH) 
are identified as Proceedings paper. However, the same records covered in the three 
indexes (SCI-E, SSCI, and A&HCI) are identified as Article when published in a 
journal. 

Correction: Correction of errors found in articles that were previously published and 
that have been made known after that article was published. Includes additions, errata, 
and retractions. 
 
Meeting abstract: A general summation of completed papers that were or will be 
presented at a symposium or conference. 
 
Review: A renewed study of material previously studied. Includes review articles and 
surveys of previously published literature. Usually, does not present any new 
information on a subject. 
 

Sources (journals, 
books, etc.) 

Web of Science Core Collection, the Source Item generally refers to an item published 
in any journals, proceedings, or books processed for coverage in one or more of the 
individual editions (e.g., Science Citation Index Expanded, Conference Proceedings 
Citation Index—Social Sciences & Humanities, Book Citation Index—Science, etc.). 
When users run a search, the results returned are “Source Items.”  

The following are examples of what are NOT considered Web of Science Core 
Collection source items:  
·    Journals that Clarivate Analytics does not index; 
·    eFirst or Early View articles; items must be published/included in a journal issue to 
be considered a source item; 
·    Journal articles that appeared previous to the date when Clarivate started indexing 
that journal (or after a journal was dropped from coverage); 
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·    Most conference proceedings, except those indexed in the Conference Proceedings 
Citation Index editions; 
·    Most books (popular press books, textbooks, etc.) Some books in series are selectively 
covered, as well as those included in the Book Citation Index editions; 
·    Government reports; 
·    Theses; 
·    arXiv (an archive for electronic preprints of scientific papers). 
 

Author appearance The number of all authors on all documents 
 

Single-authored 
documents 
 

The number of documents with a single author 

Multi-authored 
documents 
 

The number of documents with multiple authors 

Co-authors per 
document 

Calculated as the average number of co-authors per article (takes into account the author 
appearances) 

 

The statistic measures presented in Table 6.3 are used in this research to analyze 

scientific production in terms of the volume and type of document that PhD students 

produce during their education. General information about the PhD students’ 

scientific production is presented in Table 6.4 below.  
  

Table 6.4 General information: University-employed students and firm-employed PhD students. 

General information University-employed 

PhD students 

Firm-employed 

PhD students 

Total  

Number of PhD students 114 (84%) 22 (16%) 136 (100%) 

Timespan of publication 2004–2020 2002–2019 2002–2020 

Documents 960 (87%) 147 (13%) 1107 (100%) 

Sources (journals, books, etc.) 436 (79%) 115 (21%) 551 (100%) 

 

As visualized in Table 6.4, the university-employed PhD students produced 960 

documents across 436 sources during 2004–2020, while the 22 firm-employed 

students produced 147 documents across 115 sources during 2002–2019. Thus, a 

total of 136 PhD students, 1107 documents and 551 sources (journals, books, etc.) 

were included in the analysis of scientific production. It should be noted that the 

timespan for the publications of the university- and firm-employed PhD students 

varies in Table 6.4 (2004–2020 vs. 2002–2019). This timespan does not mean that 

the university-employed PhD students did not publish anything during 2002 and 

2003. Rather, these numbers only indicate that, among the students who received 
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their PhD degree during 2009–2018, the firm-employed PhD students’ publications 

date back to 2002, while the university-employed PhD students’ publications date 

back to 2004. The firm-employed PhD students that graduated between 2009–2018 

did not publish anything in 2020. 

 

Journal reputation 

When analyzing journal reputation, I used the journal impact factor as a proxy. The 

journal impact factor is a journal-level metric that is calculated from data indexed in 

the Web of Science Core Collection. More precisely, the journal impact factor for a 

certain year is calculating using citation data (including self-citations) from the 2 

previous years: citations of the items published in the 2 previous years divided by the 

number of citable items in the 2 years before. I follow the previous literature 

(McKelvey & Rake 2020; Ström et al. 2021) in using the journal impact factor index 

from the year after my selected time period, which is 2009–2018. Therefore, in my 

analysis, I used the Web of Science index Science Citation Index Expanded (SCIE) 

from 2019. The SCIE index was downloaded in Excel format from the Web of 

Science website. Equation 6.1 illustrates how the journal impact factor for each 

journal was calculated for the SCIE index of 2019:  

 
Equation 6.1 Calculation of 2019 journal impact factor. 

 
 

As this analysis only includes documents that appear in sources with a journal impact 

factor, fewer documents were included in the analysis of journal reputation than in 

the analysis of scientific production. In total, 367 documents were authored by 

university-employed PhD students and included in the analysis of journal reputation, 

while 62 were authored by firm-employed PhD students and included. The number 
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of documents included in the analysis of scientific production and accepting journals’ 

reputation is visualized in Table 6.5 below. 
 

Table 6.5 Number of documents included in the analysis of scientific production and accepting journals’ reputation. 

Number of documents University-employed 

PhD student 

Firm-employed 

PhD student 

Total 

All documents (included in analysis of scientific 

production) 

960 (87%) 147 (13%) 1107 (100%) 

Documents included in the analysis of journal 

reputation 

367 (86%) 62 (14%) 429 (100%) 

 

Although fewer documents are included in the analysis of journal reputation than in 

the analysis of scientific production, the share of university-employed versus firm-

employed PhD student documents is similarly represented in both analyses; the 

documents produced by university-employed PhD students represent 86%–87% of 

all documents in both analyses, while the documents produced by firm-employed 

PhD students represent 13%–14%. 

 

I use two measures to analyze the journal reputation of the journals in which the 

university-employed and firm-employed PhD students published in. First, I 

calculated the mean of the journal reputation of all the journals in which the PhD 

students published during 2002–2020. This was done by summarizing the journal 

impact factor of each journal and then dividing this number by the number of 

documents included for each collection (either 367 or 62). Second, a year-by-year 

comparison was made of the median of the journal reputation for both types of PhD 

students and of the median journal reputation of a specific SCIE category—namely, 

the category of Engineering, Electrical & Electronic. This specific category was 

chosen because it is interpreted as containing journals that represent the engineering 

field in general; it contained 266 different journals in 2019 (Web of Science website). 

This comparison was used to see how these PhD students performed relative to the 

SCIE category Engineering, Electrical & Electronic between the years 2002–2020. 
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For the SCIE category Engineering, Electrical & Electronic, the median of the 

journal impact factor for each year was retrieved from the Web of Science webpage. 

The number of documents and the median of the journal impact factor for each year 

for the SCIE category Engineering, Electrical & Electronic are displayed in Table 

6.6.  

 
Table 6.6 Time period, number of documents included for each collection, and median journal impact factor of the 

SCIE category Engineering, Electrical & Electronic. 

Time period Number of documents Median journal impact factor of 

SCIE category Engineering, 

Electrical & Electronic* 

University-employed 

PhD students 

Firm-employed PhD 

students 

2002 0 1 n/a 

2003 0 0 0.639 

2004 0 0 0.607 

2005 1 1 0.696 

2006 4 1 0.720 

2007 3 1 0.776 

2008 7 0 1.055 

2009 27 5 0.980 

2010 24 3 1.004 

2011 25 3 1.020 

2012 63 6 1.103 

2013 55 4 1.214 

2014 39 8 1.235 

2015 34 4 1. 277 

2016 36 5 1.663 

2017 21 7 1.820 

2018 24 6 2.138 

2019 19 11 2.344 

2020 1 0 2.484 

*Retrieved from the Web of Science 

 

As shown in Table 6.6, the years 2002–2004 and 2020 contained very few 

documents. Therefore, these years were excluded when comparing the accepting 

journals’ reputation for PhD students within the SCIE category of Engineering, 

Electrical & Electronic. Hence, the analysis of median journal reputation includes 

documents published (in sources with a journal impact factor) during 2005–2019. 
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This is different from the mean score of journal reputation, which includes all 

relevant published documents (in sources with a journal impact factor) during the 

years 2002–2020.  

 

The results from the analysis are displayed and discussed in Section 6.3. In the next 

section, the limitations of this cross-sectional study will be discussed. 

 

6.2.3 Limitations: Reflecting on the research process 

My minor study is a research design based on bibliometrics, with the aim of 

comparing and contrasting the firm-employed PhD students with university-

employed PhD students regarding research excellence, as studied through their 

publications. That being said, this bibliometric analysis has some limitations. To start 

with, I use scientific production and journal reputation to operationalize research 

excellence. Research excellence could be operationalized in other ways; in particular, 

it could have been appropriate to use citation data, especially to determine scientific 

impact. However, as the aim of the bibliometric analysis was to provide descriptive 

results to accompany the qualitative data on firm-employed PhD student’s 

publication patterns, the selected operationalization serves its purpose. In terms of 

the more technical details of this cross-sectional study, it is necessary to address 

issues related to the selected database (Web of Science) and the publications included 

in that database, human errors due to manual cleaning, and the use of journal impact 

factor to measure journal reputation. The Web of Science database was selected over 

Scopus and Google Scholar because the Web of Science is commonly used within 

research on university-industry collaborations and collaborative PhD projects 

(Larivière 2012); in addition, it has a lower level of duplicates (Haddaway et al. 2015; 

Harzing & Alakangas 2016; Valderrama-Zurian et al. 2015; van Eck & Waltman 

2019). Only successful submissions are included in this database; thus, papers in 

proceedings or other documents that have not been accepted for peer review are not 

included in the data. As a result, the database does not represent the entire effort of 
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academics in engaging in scientific debate through publications (Bozeman et al. 

2013; Katz & Martin 1997). In the manual cleaning of the downloaded publication 

records, there is a risk of creating false positives and false negatives. False positives 

can occur if I think that one author published a scientific document, but it was 

actually a different author (with a similar name) that published that specific 

document. False negatives can occur if I assign a scientific document to an author 

that did not in fact write that document. I have tried to mitigate these errors by paying 

careful attention to documents’ co-authors, affiliations, country, and journal. I found 

this particularly demanding for authors with Asian names, as numerous authors had 

the same name; however, the authors relevant to this research generally published 

with their supervisors. Having gone through each publication for each student, I am 

confident that I have minimized both the false positives and the false negatives.  

 

Returning to the use of the journal impact factor for estimating journal reputation, it 

was not optimal to use the SCIE 2019 scores for all journal articles, as the scores 

actually stretch over an 18-year period (2002–2020). However, the choice to use 

SCIE 2019 scores was related to the selected time period of the investigation (2009–

2018), and previous studies using journal impact factor have used the scores from 

the year after the selected time period, just as I do (McKelvey & Rake 2020; Ström 

et al. 2021). Finally, it should be noted that 84% of the individuals included in this 

analysis are university-employed PhD students, while only 16% are firm-employed 

PhD students. Although this disproportion reflects the reality of the investigated 

population, it may affect the results of the analysis. That is, the publications of an 

individual firm-employed student will influence the overall results to a greater extent 

than the publications of a university-employed PhD student.  

 

6.3 Results from the cross-sectional study 
The population of this descriptive bibliometric analysis comprises a total of 136 PhD 

students in the electrical engineering department at The University who graduated 
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during 2009–2018. Of these, 84% were university-employed PhD students and 16% 

were firm-employed PhD students. These 136 PhD students published a total of 1107 

documents across 551 sources (journals, books, etc.), of which university-employed 

PhD students produced 87% of the documents during 2004–2020 and firm-employed 

PhD students produced 13% of the documents during 2002–2019. University-

employed PhD students published in 79% of the 551 sources (journals, books, etc.), 

while firm-employed PhD students published in 21% of the sources. In total, 1149 

unique authors were identified, where 79% were related to university-employed PhD 

student documents and 21% were related to firm-employed PhD student documents. 

Finally, university-employed PhD students produce on average 8.4 documents 

during their education, while firm-employed PhD students produce on average 6.7 

documents during their education. On average, a PhD student in the electrical 

engineering department produces 8.1 documents during his or her education. An 

overview of this general information is visualized in Table 6.7.  
 

Table 6.7 Overview: University-employed students and firm-employed PhD students. 

General information University-employed 

PhD students 

Firm-employed 

PhD students 

Total  

Number of PhD students  114 (84%) 22 (16%) 136 (100%) 

Timespan of publication 2004–2020 2002–2019 2002–2020 

Number of documents 960 (87%) 147 (13%) 1107 (100%) 

Number of sources (journals, books, etc.) 436 (79%) 115 (21%) 551 (100%) 

Number of authors 912 (79%) 237 (21%) 1149 (100%) 

Average number of documents per PhD 

student 

8.4 6.7 8.1 

 

Next, Table 6.8 gives an overview of the different types of documents the PhD 

students produced. Proceedings papers account for 61% of the documents for 

university-employed PhD students and 58% for firm-employed PhD students. 

Articles account for 38% of the documents for university-employed PhD students 

and 41% for firm-employed PhD students. The remaining document types 
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(corrections, meeting abstracts, and reviews) represent 1% of all documents for both 

university- and firm-employed PhD students.  
 

Table 6.8 Types of scientific documents. 

Type of scientific document University-employed PhD 

students 

Firm-employed PhD 

students 

Proceedings paper 584 (61%) 85 (58%) 

Article 367 (38%) 61 (41%) 

Other documents 9 (1%) 1 (1%) 

Total number of documents 960 (100%) 147 (100%) 

 

Table 6.9 gives an overview of multi- and single-authored documents. Of all the 

documents that the PhD students produce, 99% are multi-authored, whereas only 1% 

are single-authored by the PhD student.  

 
Table 6.9 Collaboration: Single- and multi-authored documents. 

Single-/multi-authored documents University-employed PhD 

students 

Firm-employed PhD 

students 

Multi-authored documents 951 (99%) 146 (99%) 

Single-authored documents 9 (1%) 1 (1%) 

Total number of documents 960 (100%) 147 (100%) 

 

In regard to co-authors, Table 6.10 displays the author appearance, number of 

documents, and number of co-authors per document. Author appearance refers to the 

total number of all authors in all the documents, which means that an author can be 

counted several times if he or she has appeared in several different documents. There 

are a total of 4535 authors in all the papers published by both categories of PhD 

students; of these, university-employed PhD students account for 85% and firm-

employed PhD students account for 14%. For university-employed PhD students, 

3895 authors (not unique authors) were involved in producing 960 documents, so 

there are 4.06 co-authors per document. For firm-employed PhD students, 640 

authors (not unique authors) were involved in producing 147 documents, so there are 
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4.35 co-authors per document. The number of co-authors per document for the entire 

population is 4.10. 
Table 6.10 Collaboration: Co-authors per document. 

Co-authors  University-

employed PhD 

students 

Firm-employed PhD 

students 

Total  

Author appearance* 3895 (86%) 640 (14%) 4535 (100%) 

Number of documents 960 (87%) 147 (13%) 1107 (100%) 

Co-authors per document 4.06 4.35 4.10 

* The number of all authors on all document 
 

Next, I present the type of document included in the analysis of journal reputation 

and the results related to the mean values of journal reputation and the median values 

of journal reputation.  

 

In the analysis of journal reputation, for both categories of PhD students, the type of 

document that was primarily published by sources with a journal impact factor 

consisted of articles (97% vs. 92%). Some proceedings papers are included as well: 

3% for university-employed PhD students and 6% for firm-employed PhD students. 

Finally, the documents published by firm-employed PhD students also included 2% 

review documents. This is visualized in Table 6.11 below. 

 
Table 6.11 Type of scientific document included in the analysis of journal reputation. 

Type of scientific document University-employed PhD student Firm-employed PhD student 

Article 357 (97%) 57 (92%) 

Proceedings paper 10 (3%) 4 (6%) 

Review 0 (0%) 1 (2%) 

Total  367 (100%) 62 (100%) 

 

Between 2002–2020, the total number of publications included in the analysis of 

journal reputation was 367 documents for university-employed PhD students and 62 

for firm-employed PhD students. Thus, the mean score of journal reputation 

corresponds to 3.88 for journals accepting the work of university-employed PhD 
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students and 4.49 for journals accepting the work of firm-employed PhD students. 

Table 6.12 gives an overview of these results. 

 
Table 6.12 Mean score of journal reputation 2002–2020. 

Journal reputation  University-employed PhD students Firm-employed PhD students 

Number of documents 367 62 

Mean  3.88 4.49 

 

Next, Figure 6.1 visualizes the median journal reputation of the journals accepting 

the work of university-employed and firm-employed PhD students during 2005–

2019. Figures 6.2 and 6.3 display the median journal reputation of journals accepting 

the PhD students relative to the median journal reputation of the SCIE category 

Engineering, Electrical & Electronic during 2005–2019. This part of the analysis 

excludes the years 2002–2004 and 2020, since only two documents in total were 

published during these years.  

 

In Figure 6.1, the black line with squares represents the median journal reputation 

for the journals accepting the work of university-employed PhD students during the 

years 2005–2019, while the grey line with dots represents the median journal 

reputation for the journals accepting the work of firm-employed PhD students during 

the same time period. Figure 6.1 shows that the median journal reputation of the 

accepting journal is changing year by year for both categories of PhD students, 

although it fluctuates more for the firm-employed PhD students. The median journal 

reputation for the journals accepting the work of university-employed PhD students 

ranges from 1.82 to 4.44, while that of the journals accepting the work of firm-

employed PhD students ranges between 2.71–5.95.  
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Figure 6.1 Median journal reputation during 2005–2019 for journals publishing the work of university-employed 
PhD students and journals publishing the work of firm-employed PhD students. 

 
 

In Figure 6.2, the black line with squares represents the median journal reputation 

for the journals that accepted the work of university-employed PhD students during 

the years 2005–2019, while the grey line with dots represents the median journal 

reputation for the SCIE category Engineering, Electrical & Electronic for the same 

time period. Figure 6.2 shows that the median journal reputation is higher for the 

journals in which the university-employed PhD students published than for the 

specific SCIE category; in addition, the median has increased over time for both the 

PhD students’ journals and the journals in the SCIE category. 
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Figure 6.2 Median journal reputation during 2005–2019 for journals publishing the work of university-employed 
PhD students and for the SCIE category of Engineering, Electronical & Electronic. 

 
 

As in Figure 6.3, the black line with squares represents the median journal reputation 

for the journals that accepted the work of the firm-employed PhD students during the 

years 2005–2019, while the grey line with dots represents the median journal 

reputation for the SCIE category Engineering, Electrical & Electronic for the same 

time period. Figure 6.3 shows that the median journal reputation for firm-employed 

PhD students fluctuations over time but remains higher than the median journal 

reputation for this specific SCIE category, which is increasing over time.  
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Figure 6.3 Median journal reputation during 2005–2019 for firm-employed PhD students and for the SCIE category 
of Engineering, Electronical & Electronic. 

 
Above, I presented the empirical results regarding the volume and type of published 

by the university-employed and firm employed PhD students during their research 

education. These results will be discussed in more detail in Section 6.4.  

 

6.4 Discussion: Similarities in publications by firm-employed and 

university-employed PhD students 
 

The previous sections presented the results from the minor cross-sectional study to 

provide initial insights into how the individuals who received their PhD degree 

during 2009–2018 in the department of electrical engineering at The University 

published during their education. An overview of the key findings, which will be 

discussed further, is displayed in Table 6.13. 
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Table 6.13 Volume and types of publications: University-employed and firm-employed PhD students. 

Metric University-employed 

PhD students 

Firm-employed 

PhD students 

Average number of doc. per PhD student during 

education 

8.4 6.7 

Document type: Proceedings paper 584 (61%*) 85 (58%*) 

Document type: Article 367 (38%*) 61 (41%*) 

Multi-authored documents 951 (99%*) 146 (99%*) 

Single-authored documents 9 (1%*) 1 (1%*) 

Average number of co-authors per document 4.06 4.35 

Mean score of journal reputation** (2002–2020) 3.88 4.49 

Range of median score of journal reputation**of PhD 

students (2005–2019) 

1.82–4.44 2.71–5.95 

Median score of the journal reputation** of journals that 

publish these PhD students’ documents compared with 

the median score of the SCIE category Engineering, 

Electrical & Electronic (2005–2019) 

Higher  Higher  

* Percentage of all documents  

** For sources (journals, books, etc.) that have a journal impact factor  

 

The descriptive findings in Table 6.13 illustrate that firm-employed PhD students 

produce scientific documents during their PhD education, albeit at a lower rate than 

PhD students employed at The University (8.4 vs. 6.7 documents). All PhD 

students—regardless of employing organization—produce two main types of 

documents: proceedings papers (61% vs. 58%) and articles (38% vs. 41%); the 

papers have four co-authors on average. Almost all of the documents published by 

both firm-employed and university-employed PhD students are multi-authored 

(99%), while single-authored documents are rare (1% of all documents).  

 

Regarding journal reputation, the mean score of the journals in which the university-

employed PhD students published during their education (for 2002–2020) was 

somewhat lower than the mean score of the journals in which the firm-employed PhD 

students published (3.8 vs. 4.5). There was some variation in the median journal 
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reputation from year to year for both the university-employed and firm-employed 

PhD students (Figure 6.1); the former ranged between 1.82–4.44 and the latter ranged 

between 2.71–5.95. Furthermore, both categories of PhD students published in 

sources with a higher median journal reputation than the SCIE category of 

Engineering, Electrical & Electronic (Figures 6.2 and 6.3). 

 

In terms of the volume of publications, I interpret firm-employed PhD students as 

differing from university-employed PhD students in that the former publish fewer 

documents than the latter during their research education. Although this difference 

is not great (8.4 vs. 6.7 documents), I interpret this difference as being large enough 

to be acknowledged. That being said, the results in Table 6.13 indicate that firm-

employed PhD students are scientifically productive to some degree, as they do 

publish during their education, albeit not to the same degree as university-employed 

PhD students. In terms of the proportion of proceedings papers and articles 

published, firm-employed and university-employed PhD students are similar: Both 

publish around 60% proceedings papers and 40% articles during their research 

education.  

 

In regard to the types of publications, my interpretation is that firm-employed PhD 

students are similar to university-employed PhD students in that they (i) primarily 

publish proceedings papers as compared with articles during their education, and (ii) 

that these proceedings papers or articles are multi-authored with a similar number of 

co-authors (4 on average). In terms of journal reputation (which predominantly 

includes articles), the analysis indicates some differences between university-

employed and firm-employed PhD students, although the two groups seem more 

similar in comparison with the SCIE category of Engineering, Electrical & 

Electronic. Figure 6.1 compares the median journal reputation of the journals that 

published the work of the university-employed PhD students to the median journal 

reputation of the journals that published the work of the firm-employed PhD 
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students. I interpret these results as indicating that the firm-employed PhD students 

seemed to publish in journals with a slightly higher reputation than the university-

employed PhD students. This interpretation is supported by the mean score of journal 

reputation, which indicates that the firm-employed PhD students published in 

journals with a reputation of 4.49, while the mean score of journal reputation for the 

university-employed PhD students is 3.88. Thus, on average, firm-employed PhD 

students publish in journals with a slightly higher reputation than university-

employed PhD students. However, Figures 6.2 and 6.3 show that the journals 

accepting the work of both university-employed and firm-employed PhD students 

outperform the SCIE category of Engineering, Electrical & Electronic. Thus, 

although there are differences in the reputation of the journals in which the two types 

of PhD students publish in, university-employed and firm-employed PhD students 

are similar in that they publish in journals with a higher reputation compared with 

the median reputation of the SCIE category of Engineering, Electrical & Electronic. 

In fact, it can be said that the difference between both student groups’ accepting 

journals and the median of all journals in that category is greater than the difference 

between the levels of the journals publishing the work of the two student groups. 

Hence, I consider both university-employed and firm-employed PhD students to 

publish in journals with a high reputation, relative to the SCIE category of 

Engineering, Electrical & Electronic. It should be noted that this analysis of journal 

reputation focuses on published articles; therefore, these results only apply to 40% 

of the scientific output of these PhD students. The analysis of journal reputation does 

not represent all the documents that these PhD students produce during their research 

education, as papers published in proceedings represent 60% of all their published 

documents. Furthermore, to manifest my interpretation of these descriptive results to 

the fullest, it would have been beneficial to test the findings statistically.  

 

Taken together, in relation to scientific production, my interpretation is that firm-

employed PhD students are scientifically productive, because they publish similar 
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types of documents and have a similar number of co-authors as university-employed 

PhD students; however, the former publish a bit less than the latter. Hence, regardless 

of the employing organization, the PhD students in electrical engineering at The 

University are interpreted as being significant producers of scientific knowledge 

(Thune 2009). One might speculate that the industrial involvement of firm-employed 

PhD students may have a small effect on the students’ scientific rate (i.e., the number 

of publications per student) (Perkmann et al. 2021), in comparison with university-

employed PhD students. Regarding the journal reputation of the published 

documents, both types of PhD students seem to be similar, in that that they publish 

their documents in journals that outperform the SCIE category of Engineering, 

Electrical & Electronic, in terms of the median score for journal reputation. However, 

firm-employed PhD students publish articles in journals with a slightly higher 

reputation than the journals university-employed PhD students publish in. Thus, 

although firm-employed PhD students publish scientific documents at a slightly 

lower rate, their articles seem to be published in journals with a slightly higher 

reputation.  

 

The observations presented above are interpreted as a positive indication that firm-

employed PhD students achieve research excellence during their education, which 

constitutes a prerequisite for successful collaborative PhD projects (Borrell-Damian 

et al. 2011). In this case, research excellence is established in relation to the scientific 

production and accepting journals’ reputation of university-employed PhD students, 

and has not been compared to more established researchers, professors, or star 

scientists. Nevertheless, I consider this benchmark to be valuable in exploring the 

scientific expectations that would be reasonable to have for firm-employed PhD 

students during their education. 
 

6.5 Concluding remarks and framework development 
This chapter addressed Research Question 3: 
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How similar are firm-employed and university-employed PhD students in terms of 

the volume and type of their publications during their research education? 

 

This question address the similarities between firm-employed and university-

employed PhD students in terms of scientific output during their research education. 

Two key findings from this chapter are presented below and are used to enrich the 

conceptual framework developed in Chapter 2, specifically in terms of how firm-

employed PhD students contribute to the research-related consequences of academic 

engagement with industry. In Figure 6.4, these key findings are visualized. 

 
Figure 6.4 The research education of firm-employed PhD students and consequences for research from these 

students’ academic engagement with industry. 

 
In Chapter 4, I concluded that the research education of firm-employed PhD students 

comprises university activities and firm activities, and that producing scientific 

documents and participating in academic conferences is included in the former 

category of activities. The results of the cross-sectional study in this chapter support 
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this perspective and show that firm-employed PhD students in engineering are 

similar to university-employed PhD students in some regards, although differences 

also exist. More precisely, as visualized in the top box of Figure 6.4, firm-employed 

PhD students produce similar types of documents (around 60% proceedings papers 

and 40% articles) as university-employed PhD students, and both types of PhD 

students predominantly write multi-authored documents, with an average of four co-

authors per document. Also, the median reputation of the journals these PhD students 

publish in are relatively high, outperforming the median reputation of the SCIE 

category of Engineering, Electrical & Electronic. In terms of differences, firm-

employed PhD students publish at a slightly lower rate than university-employed 

PhD students; the former produce 6.7 documents per person during their research 

education, while the latter produce 8.4 documents per person. However, firm-

employed PhD students seem to publish in journals with a higher reputation than 

university-employed PhD students. Despite these differences, both university-

employed and firm-employed PhD students in electrical engineering at The 

University are interpreted as being significant producers of scientific knowledge 

(Thune 2009), although the industrial involvement of firm-employed PhD students 

may have a diminishing effect, although small, on their scientific rate (i.e., the 

number of publications per student) (Perkmann et al. 2021).  

 

The second key finding (bottom box in Figure 6.4) suggests that research excellence 

(Borrell-Damian et al. 2011) is not compromised in firm-employed PhD projects, at 

least not in comparison with the projects of university-employed PhD students. Thus, 

firm-employed PhD students are interpreted as being scientifically productive, albeit 

at a slightly slower rate, and as publishing in journals with a slightly higher reputation 

in comparison with university-employed PhD students. The journal reputation of the 

journals in which both university-employed and firm-employed PhD students 

publish is higher compared with the journal reputation for the SCIE category 

Engineering, Electrical & Electronic. Therefore, the consequences for research of 
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this form of academic engagement with industry are interpreted as supporting 

research excellence, specifically as firm-employed PhD students achieve scientific 

production and publish in journals with a good reputation, relative to university-

employed PhD students.  

 

It is worth stressing that the descriptive findings analyzed in this chapter should be 

interpreted as an initial insight into the scientific production and accepting journals’ 

reputation of PhD students within electrical engineering at The University. Further 

analysis is required to provide more robust results; examples of such analysis could 

include a citation analysis to understand what scientific impact these documents 

have, or a more fine-grained network analysis to obtain a more complete view of 

collaboration patterns with a focus on structural holes or the length and direction of 

network ties between co-authors. 

 

Finally, this chapter provides descriptive insights into the consequences for research 

of this form of academic engagement with industry. The next chapter will explore 

the execution phase and discuss in detail how firm-employed PhD students might 

have an impact on firms’ absorptive capacity during the students’ research education. 
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7 Firm-employed PhD students and their impact 

on firms 

7.1 Introduction  
This chapter addresses Research Question 4: 

 

How do firm-employed PhD students contribute to firms’ capability for 

innovation during their education? 

 

In previous chapters, I have analyzed the relevant antecedents of this specific form 

of academic engagement with industry and specified critical elements of the 

formation phase of these PhD student-firm collaborations. In this chapter, I 

investigate the consequences of such engagement on firms by exploring the 

execution phase of firm-employed PhD student projects. I have defined the execution 

phase as the period during which a firm-employed student undertakes her or his PhD 

education, which in this specific case includes formal requirements of collaboration 

between the PhD student and her or his academic and industrial supervisors. By 

studying this phase of academic engagement, I aim to analyze how firm-employed 

PhD students can contribute to firms through direct and indirect pathways to 

innovation and how these pathways support firms’ capability for innovation. Similar 

to Chapter 5, this chapter utilizes a multiple case study of firm-employed PhD 

students; however, the perspectives of industrial supervisors and firm managers are 

also incorporated in this chapter.  

 

This chapter is structured as follows. Section 6.2 outlines the theoretical expectations 

regarding the consequences of this particular form of academic engagement in firms. 

This theoretical section is a continuation of the initial theoretical discussion 

presented in Chapter 2; here, the aim is to explore details that are relevant for 
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answering Research Question 4. To do so, I revise an existing framework developed 

by McKelvey and Ljungberg (2017) in order to address how firm-employed PhD 

students contribute to firms’ direct and indirect pathways for innovation. I enrich this 

framework in three ways. First, I identify activities of the firm-employed PhD 

students that are relevant to the two pathways to innovation; second, I acknowledge 

that firms need a capability for innovation in order to utilize the results from both 

pathways; and third, I specifically operationalize this capability as absorptive 

capacity. My interpretation is that these firm-employed PhD students act as firms’ 

boundary spanners (Haas 2015; Cros & Prusak 2002; Leifer & Delbecq 1978) and 

contribute to firms’ absorptive capacity because the students can bridge cognitive 

distance between The University and the firm during their education. Section 6.3 

introduces the empirical material in which the industrial supervisors and firm 

managers express their views on the research education of the firm-employed 

students. In Chapter 4, I identified two distinct categories in terms of research 

education: university activities and firm activities. Next, based on interviews with the 

firm-employed PhD students, this section presents their impacts on the direct and 

indirect pathways to innovation. In Section 6.4, I discuss and analyze the empirical 

material relative to the theoretical constructs of the different pathways to innovation 

identified in Section 6.2, illustrating that these firm-employed PhD students 

primarily contribute to the indirect pathway rather than the direct pathway to 

innovation. My interpretation is that, during the execution phase, these students act 

as firms’ boundary spanners and contribute to the firms’ absorptive capacity in 

particular ways. Their main contribution involves recognizing new external 

knowledge, and I identify two distinct elements within this category. In addition, the 

students contribute to the firms’ assimilation of new external knowledge; however, 

their contribution to the firms’ exploitation of new external knowledge is rare. 

Furthermore, I consider that the firm-employed PhD students’ contribution to the 

firms’ capability for innovation depends on the students being able to bridge 

cognitive distance between The University and the firm, specifically because their 
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research education enables the development of the students’ communicative 

capabilities with both organizations. Finally, the insights and findings of this chapter 

will be synthesized into a framework that illustrates how firm-employed PhD 

students within electrical engineering at The University in Sweden act as boundary 

spanners influencing the absorptive capacity of firms, which is relevant for future 

technology and innovation at the firm. In Section 6.5, I conclude this chapter with 

the key findings that are used to enrich the academic engagement framework.  

 

7.2 Theoretical considerations  
While Chapter 5 explored the formation phase leading up to this form academic 

engagement, this chapter focuses on the next phase—namely, the execution phase—

and its related consequences for firms. As argued in Chapter 2, the execution phase 

covers the duration of the collaboration, which lasts as long as the firm-employed 

PhD student undertakes her or his education. Based on the previous literature 

presented in Chapter 2, my expectations are that firm-employed PhD students within 

electrical engineering in Sweden are able to act as firms’ boundary spanners through 

direct and indirect pathways of innovation during their education, thereby 

influencing the firms’ absorptive capacity in specific ways.  

 

This section reviews the relevant literature on academic engagement and innovation 

management in order to answer Research Question 4. Section 6.2.1 further explains 

McKelvey and Ljungberg’s (2017) framework that distinguishes between two 

different pathways to innovation for collaborative research results, which was 

initially introduced in Chapter 2. Section 6.2.2 then focuses on firms’ capability for 

innovation and the role of boundary spanners, as well as how cognitive distance can 

be bridged during the execution phase of academic engagement. Finally, Section 

6.2.3 presents a summary of my theoretical expectations. 
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7.2.1 Pathways to innovation 

As previously stated in Chapter 2, I follow McKelvey and Ljungberg (2017) in 

viewing collaborative research as having two possible pathways to firm innovation: 

a direct path, which involves transforming knowledge into artifacts, and an indirect 

path, which relates to knowledge production. In my analysis, knowledge production 

through the indirect path to innovation is the main focus. In the direct pathway to 

innovation, research conducted during a collaboration immediately and directly leads 

to products and process innovations. In the indirect pathway, collaborative research 

aims to develop knowledge, which serves a variety of purposes for the firm and later 

has a positive impact on the firm’s capability to innovate. McKelvey and Ljungberg 

specify three main categories of activities and impacts: 1) knowledge transfer and 

learning, which in turn leads to new or new combinations of knowledge bases in the 

firm; 2) network development, which increases the firm’s capability to search for and 

access external knowledge5; and 3) signaling of the effects of being involved with 

science, which affects sales and marketing by signaling quality. McKelvey and 

Ljungberg (2017) state: “Conceptually, these three categories are intangible 

outcomes through which research collaboration can stimulate firms’ capability for 

innovation” (McKelvey & Ljungberg 2017:541).  

 

To adapt this framework to my empirical setting, I revise McKelvey and Ljungberg’s 

(2017) framework in three aspects: 1) I identify relevant activities of firm-employed 

PhD students with regard to the two pathways to innovation; 2) I introduce the notion 

that the direct pathway to innovation requires the firm to have a certain capability for 

innovation; and 3) I specifically operationalize this firm capability as absorptive 

capacity. Below, I give a more detailed account of these revisions to the framework.  

 
5 There is an extensive literature showing that knowledge networks in general are important for innovation (Ahuja 
2000a; Ahuja 2000b; Lam 2007; Wang et al. 2014; Nerkar & Paruchuri 2005; Broekel & Boschma 2012); however, 
in the present case, I refer to networks in relation to specific projects. 
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Activities related to the direct and indirect pathways to innovation 

To identify relevant activities within the direct and indirect pathways to innovation, 

I have examined the existing literature. Certain activities in university-industry 

interactions can be linked to direct innovation outcomes, as the PhD student helps a 

firm either individually or in a team. I categorize these activities as assisting in 

problem solving (Bishop et al. 2011), patenting, engaging in product and process 

development (Broström 2010; Gustavsson et al. 2016), and identifying direct 

business opportunities (Broström 2010).  

 

Activities in the indirect pathway to innovation that I have identified as potentially 

relevant for firm-employed PhD students include: access to scientific knowledge 

(Thune 2009); developing technological competences (Thune & Børing 2014; 

Gustavsson et al. 2016); developing internal firm R&D activities (Gustavsson et al. 

2016); augmenting human capital through the recruitment of young researchers 

(Hicks 1995); influencing undergraduate education and securing research partners 

for the firm (Broström 2010; Bishop et al. 2011); serving as “windows” on new 

technology (Perkmann & Walsh 2008); and generating patents (Bishop et al. 2011). 

Firms’ engagement with star scientists may also be an important signal for securing 

funding in emerging industries (Higgins et al. 2011). That is, firm quality may be 

signaled by convincing the customer that the firm’s product is science based; of 

course, financial intermediaries are also important when information asymmetries 

exist (Leland & Pyle 1977; Campbel & Kracaw 2012; Chemmanur & Fulghieri 2012; 

Chemmanur 2012; Nicholson et al. 2005). Gustavsson et al. (2016) find that 

publishing (e.g., scientific articles or PhD dissertations) can lead to increased 

legitimacy for a product or process and enable firms to strengthen their ties to clients 

and business partners. 
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7.2.2 Firms’ capability for innovation 

Regarding firms’ capability for innovation, a great deal of research, including recent 

reviews, examines how and why firms may be interested in science and universities, 

referring back to the concept of absorptive capacity. In Cohen and Levinthal’s (1989, 

1990) seminal definition, absorptive capacity refers to the ability to 1) recognize the 

value of, 2) assimilate, and 3) exploit new external knowledge. This original concept 

by Cohen and Levinthal (1989, 1990) has been developed and reconceptualized 

several times (Zahra & George 2002; Todorova & Durisin 2007). Other early work 

relevant to the field of engineering stresses the notion that the ability to create, 

develop, and absorb new technology is crucial in order for firms to survive and 

remain competitive (Granstrand 1998; Zarha & George 2002). Due to the vital role 

of technological development, firms interact with universities (and other 

organizations) to develop new knowledge and technology (Mansfield 1995), 

although they likely only occasionally interact directly with universities.6 To capture 

the dynamic effects of interaction over longer periods of time, Teece et al. (1997) 

introduced dynamic capabilities as important for innovation and highlighted three 

critical capabilities that a management team needs to possess (Teece 2007): sensing 

opportunities and threats, seizing opportunities, and managing threats and 

reconfiguration. Various processes within firms can link engineering research with 

products and services. Pavitt (2009) proposed that innovation processes within a firm 

involve different broad and overlapping sub-processes: the production of knowledge; 

the transformation of knowledge into artifacts (products, processes, services, and 

systems); and the continuous matching of artifacts to market need and demand. Thus, 

my interpretation of this literature is that firms’ innovation processes and capabilities 

can be defined in many different ways, and I specifically operationalize them using 

the three phases of absorptive capacity, as initially defined by Cohen and Levinthal 

(1989, 1990).  

 
6 Open innovation is one type of collaboration (Chesbrough 2003), although the main focus is on firm-firm 
interaction and less on university-industry interaction (Dahlander & Gann 2010). 
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Boundary spanners 

Cohen and Levinthal (1990:132) argue that “the firm’s absorptive capacity depends 

on the individuals who stand at the interface of either the firm and the external 

environment or at the interface between subunits within the firm.” Firms have 

different ways of stimulating their absorptive capacity, such as by involving 

employees in advanced technical training and by conducting R&D (Cohen & 

Levinthal 1990). This argumentation link individuals and organizations. Thus, the 

literature suggests that certain individuals that operate in overlapping environments, 

either within the firm or toward the external environment, are important for 

developing firms’ absorptive capacity. In this early literature, such individuals are 

called boundary spanners (Allen 1977; Tushman 1977) and are identified as playing 

an important role in ensuring sufficient creation and assimilation of new knowledge 

within a firm (Cohen & Levinthal 1990). In the more recent literature, the concept of 

the boundary spanner is linked to network theory, in which the node occupies a 

structural space in a network and thereby connects different nodes in the network 

(Phelps et al. 2012; Tortoriello 2015). Furthermore, a boundary spanner acts as a link 

between a unit and its environment (Leifer & Delbecq 1978; Cross & Prusak 2002), 

with multiple functions (Haas 2015). More specifically, I perceive firm-employed 

PhD students as being at the interface between The University and the firm, and as 

acting as a link between the firm and The University during academic engagement. 

 

Cognitive distance must be low enough in order for knowledge transfer to occur and 

to enable firm-employed PhD students to act as boundary spanners. In Chapter 5, I 

explained how cognitive distance is reduced between individuals in the formation 

phase of this specific form of academic engagement with industry. The present 

chapter focuses on how cognitive distance can be bridged during the execution phase 

of the collaboration. Here, I follow Nooteboom (2000), who explains that bridging 

cognitive distance is done through communication that enables individuals to make 

sense of, understand, and explain to others specific pieces of knowledge, which in 
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turn eases learning through interaction. To be precise, the communicative 

capabilities of individuals are strengthened by training, education, experience, and—

especially—communicative interaction (Nooteboom 2000). Here, training and 

education are interpreted as similar endeavors and are referred to as “education” 

alone hereafter. It should also be noted that these constructs are different from those 

presented in Chapter 5 (i.e., previous education and work history), since the current 

constructs focus on education and experience during the ongoing collaboration, 

whereas previous discussions on cognitive distance focused on previous education 

or experience. Bridging efforts occur through interaction and by building 

communication capacities between the involved parties, resulting in sufficient levels 

of cognitive distance being obtained during the execution phase of academic 

engagement. Thus, for firms to reap the full innovation-related potential from this 

specific form of academic engagement, it is insufficient to simply recruit and hire 

firm-employed PhD students; firms must also provide resources to support and 

develop these communicative capabilities throughout the students’ entire doctoral 

education.  

 

7.2.3 Summary of theoretical expectations 

By combining these two theoretical components from the academic engagement and 

innovation management literature, I propose a conceptual framework based on 

reasoning relevant to my empirical context. This framework will guide my 

explorative study by providing a conceptualization of the key processes, leading to 

some expectations being based on theory.  

 

First, I have identified relevant activities in the direct and indirect pathways to 

innovation and have defined firm-employed PhD students as boundary spanners at 

the interface between The University and the firm that act as a link between these 

two organizations (Leifer & Delbecq 1978; Cross & Prusak 2002), carrying out 

multiple functions (Haas 2015) during their PhD education. Therefore, I interpret 
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these activities as boundary-spanner behavior related to either the direct or indirect 

pathway of innovation. Second, my interpretation is that both pathways of innovation 

require a particular set of firm capabilities, which was only related to the indirect 

pathway in the original framework by McKelvey and Ljungberg (2017). Third, I 

operationalize firm capability for innovation as absorptive capacity and follow the 

original definition that distinguishes between three different phases: recognizing, 

assimilating, and exploiting new external knowledge (Cohen & Levinthal, 1990).  

 

More specifically, collaborative research in terms of firm-employed PhD student 

projects is expected to include boundary-spanning behavior along the direct pathway 

to innovation in terms of assisting in problem solving (Bishop et al. 2011), engaging 

in product and process development (Broström 2010; Gustavsson et al. 2016), and 

identifying direct business opportunities (Broström 2010). This behavior affects the 

final stage of firms’ absorptive capacity by exploiting new external knowledge to 

enable new or improved products or process innovations. Similarly, boundary-

spanning behavior categorized as signaling legitimacy (Gustavsson et al. 2016) is 

also expected to contribute to exploiting new external knowledge.  

 

In regard to the indirect pathway to innovation, boundary-spanning behavior related 

to generating patents (Bishop et al. 2011) is interpreted as contributing to firms’ 

absorptive capability by assimilating new external knowledge, which is the second 

phase. The remaining outcomes of students’ boundary-spanning behavior are related 

to knowledge transfer and learning: namely, accessing scientific knowledge (Thune 

2009); developing technological competences (Thune & Børing 2014; Gustavsson et 

al. 2016); developing internal firm R&D activities (Gustavsson et al. 2016); 

augmenting human capital through the recruitment of young researchers (Hicks 

1995); influencing undergraduate education and securing research partners for the 

firm (Broström 2010; Bishop et al. 2011); and serving as “windows” on new 

technology (Perkmann & Walsh 2008). Network effects contribute to the first phase 
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of absorptive capacity—recognizing new external knowledge. My revised theoretical 

framework is displayed in Figure 7.1 below: 

 
Figure 7.1 The execution phase: Direct and indirect pathways to innovation. 

 
 

For firms to achieve knowledge exchange during collaborative PhD projects, a 

sufficient decrease in cognitive distance must be established. In line with Nooteboom 

(2000), I interpret cognitive distance as being bridged through the development of 

communicative capabilities, specifically through communicative interaction, 

education, and experience during the students’ PhD education.  

 

7.3 Statements from firm managers, industrial supervisors, and firm-

employed PhD students on impacts on firms  
The following sections present an overview of the empirical data. First, in Section 

7.3.1, the perspectives of industrial supervisors and firm managers are displayed with 

regard to their expectations for the research education, in which two key elements 

was identified in Chapter 4: university activities and firm activities. In Section 7.3.2 

and Section 7.3.3, the empirical material from the interviews with the firm-employed 
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PhD students is presented, with a focus on impacts related to the direct pathway of 

innovation, followed by impacts related to the indirect pathway of innovation.  

 

7.3.1 Perspectives of industrial supervisors and firm managers  

Chapter 4 concluded by identifying two key elements of the research education: 

university activities and firm activities. The following statements are organized 

accordingly: firm expectations regarding the research education, university 

activities, and firm activities.  

 

Expectations regarding the research education 

As firm-employed PhD students undergo their doctoral education, they learn how to 

conduct research according to academic standards and develop new scientific 

knowledge. Daniel’s industrial supervisor emphasizes that the PhD project needs to 

be interesting to the firm, even though it is not within core product development:  

 

It should not be [the case] that the PhD student is working on an area 

where we are already doing internal work similar to their project, 

because the student will be overrun like a hundred times, since the firm 

is investing a lot of resources there. It has to be something interesting, 

but on the periphery, so to say, and [must] have potential so there is 

an interest for the project. In Daniel’s case, it’s an area that is 

interesting, with the potential to become something.  

 

Similarly, Charlie’s industrial supervisor explains about the outcomes of the project:  

 

We don’t know yet, maybe there’s something within that area that we 

should look at, but we know too little about it. Still, it should be 

something that can be informative for the product area as such. The 



 
  

214 

aim is, in the best cases, that something comes out of it that we can 

implement in the products. 

 

Furthermore, the manager of Firm A’s PhD program emphasizes that, when taking 

on a firm-employed PhD student, the focus is on developing that individual’s 

research capabilities, rather than achieving research results. He explains:  

 

So, with firm-employed PhD students, the important thing to 

remember is that it’s an educational position. It’s their abilities that are 

the most important thing here [...] I would never invest money in a 

firm-employed PhD student to obtain a specific research result, it takes 

too long a time and is too uncertain. In that case, I would approach 

some experienced professor, if that individual happens to be in 

Sweden, Germany, or the USA, it doesn’t matter, you aim for the best, 

and you pay them some money, and they develop something good. 

 

Expectations regarding university activities 

Aside from mastering a scientific topic, firm-employed PhD students learn important 

skills during their education. The manager of Firm A’s firm-employed PhD program 

explains:  

 

You need to think about what you are going to do with this PhD 

student after graduation, because you want this person to have figured 

out all the bugs and pitfalls with research and make all the mistakes 

under good supervision, so that person can conduct quick assessments 

at a research level. For starters, they should develop their network and 

be able to make the distinction between research and anecdotes; really 

important is to understand how you can create generalized results so 
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you don’t make mistakes in that regard. Furthermore, you need to be 

able to formulate a research question and structure a research project 

under certain levels of uncertainty. You need to be able to act as the 

principal investigator, so that you can lead smaller research projects 

as well as educate and transfer the findings from that research to other 

people.  

 

Daniel’s industrial supervisor points out the differences between an engineer and 

someone with a PhD: 

 

What I believe is a big difference, if you take the difference between 

an engineer and [someone with] a PhD, is that the [person with a] PhD 

is more independent, more critical and analytical. They can gather 

information, analyze and process that information, and then draw 

conclusions, quantitively, so to say. They have a toolbox, a much 

bigger toolbox, with math as well as other applied areas that we use, 

which we would otherwise need to train someone in and that takes a 

long time [...] And you really feel that the PhDs from The University, 

they have this entire toolbox, and its super important and super good. 

So, it’s the courses they take and the way you work when you do 

research. Everything you do, from gathering information, analyzing it 

and trying to draw conclusions, and then presenting it. That’s what’s 

important in this process. 

 

Similarly, Edwards’s supervisor explains:  

 

It’s knowledge and ability, the ability to approach problems. In 

principle, you can, eh, a comparison you can make is that most of the 



 
  

216 

engineers don’t use the tools they learned [at the university]; to a large 

extent, they use what they learned in upper secondary school. But if 

you pursue PhD studies, then I think you can really use those tools, 

because to apply them in reality you need to be comfortable with them, 

you need to be quite fast and you need to have tested them a few times 

and extended your learning a bit more.  

 

Expectations regarding firm activities 

Although the industrial supervisors point out that the firm-employed PhD students 

should focus on their research projects, they emphasize that it’s important for the 

students to get to know the firms and the challenges the firms are working on. One 

important aspect is that the students physically visit the firm; as Daniel’s industrial 

supervisor describes:  

 

Yes, it’s very important [...] you can’t really tell when innovations 

arise. You can’t say innovation comes on Tuesdays (laughter) or so. 

Maybe you need to be here on Monday, Thursday, Wednesday, 

Thursday, Friday for innovation to happen on a Tuesday. There has to 

be some continuity in it, that’s important, and that it’s sustained over 

a longer period of time so you can develop these personal contacts and 

figure out, “well, this person knows this, that person knows that, and 

I can talk to him or her about something” and so on. You need to know 

that you can cross that barrier, that you can go talk to a person because 

you know him or her, that you’ve met several times before. 

 

In addition to being physically present at the firm, the students may be assigned to 

internal project groups that allow them to integrate with other employees:  
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We have many internal projects, so we look at what project is closest, 

in terms of subject area, and then [the student] gets allocated to that 

project, and the work he does there is his PhD project. He also reports 

back to this internal project. He might get some small tasks as well; 

for example, if he develops a model, making sure that that model is 

also available on our simulators or something like that. So, we try to 

integrate him in the internal project domain, so you not only have one 

personal connection at the firm, but instead several ones [...] In 

practice, he is called to project meetings and is part of a team. 

 

The manager of Firm A’s firm-employed PhD program identifies the students’ main 

purpose during their education as being to share information on the new and valuable 

things they learn about:  

 

[The expectation is] that they should teach [their] colleagues about 

something new that they find. I did it myself, when I was a firm-

employed PhD student, and a very clear task for me was to “if you see 

something good over there, come home [to the firm] and give a course 

in it.”  

 

Furthermore, the industrial supervisors explain that the personality of the PhD 

student is important. For example, one industrial supervisor explains: 

 

You know, he is very outspoken, he likes to talk about his research or 

what he has seen or heard. When he’d been at a conference, for 

example, that no one else had been at, he can say “well, now, I’ve been 

at this conference and I learned about some cool stuff,” and then he 

talks to us about it. It’s kind of an extra pair of eyes, externally, you 

could say. 
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7.3.2 Impacts related to the direct pathway to innovation  

This section presents empirical statements from the firm-employed PhD students to 

illustrate their contributions to and impacts on the firm’s direct pathway to innovation 

(McKelvey & Ljungberg 2017). The theoretical expectations include impacts related 

to assisting in problem solving (Bishop et al. 2011), engaging in product and process 

development (Broström 2010; Gustavsson et al. 2016), and identifying direct 

business opportunities (Broström 2010). In addition, the empirical analysis identified 

a third impact, here referred to as firm-specific work activities. The empirical 

statements are presented accordingly. 

 

Assisting in problem solving 

The firm-employed PhD students are occasionally presented with opportunities to 

contribute to ongoing activities at the firm. This usually happens when the students 

perceive that they possess knowledge that can be helpful in firm activities. Thus, it 

is the firm-employed PhD students that identify and react to the opportunity at hand. 

For example, Charlie explains:  

 

I saw that they used methods I didn’t think would work, and they had 

problems getting it to work. I realized we could do it in another way 

and talked to them about it. So we tried my suggestion, and I wrote the 

code and ran a small test and saw that it worked. 

 

Another example is described by Fabio:  

 

The supervisors at the company are trying to enhance the performance, 

and I was taking a course, and I directly saw that maybe some 

knowledge that I have could be applied, so that’s happening right now.  
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An outcome from the research projects is that the firm-employed PhD students learn 

new tools and methods that can potentially be used within the firm for the 

development of new products and processes. As Edward points out:  

 

Most likely, I’ll be learning new tools, methods at the university this 

half of the year and, potentially, I can see there are applications that 

can be used.  

 

Another contribution involves solving an old problem in a new way, as expressed by 

Charlie:  

 

You can contribute by, eh, there is, you can suggest new ways of doing 

the same thing, that’s also, or solving the same problem with new 

solutions. 

 

Engaging in product and process development 

On the one hand, firm-employed PhD students are usually not involved in the actual 

product development process. For example, Daniel explains: “I must admit, I’m not 

involved in product development at all.” On the other hand, this depends on what 

type of research project the firm-employed PhD students have. Even though they 

might not be directly connected to product development at the firm, some projects 

are more closely integrated than others with already existing products in the market. 

As Edward notes:  

 

It’s very well connected to reality, and we take academic help to see 

and explore if there are other possible control structures that we can 

use. But still, it’s going to be practical, because that’s our objective, to 

provide an industrial solution but with the research-based solution […] 
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it is easier for me to go from research to action, practical 

implementation.  

 

From the industrial supervisors’ perspective, expectations for firm-employed PhD 

students to impact product development is low, at least in the larger firms (e.g., Firm 

A, Firm C, and Firm G). For example, Daniel’s industrial supervisor explains: 

 

We invest many resources into innovation and R&D in general, so 

Daniel is a small piece in a very large puzzle. He doesn’t contribute at 

all, if we only talk about patents or innovations, but we need to 

remember, it is Daniel that is the important part here. However, if his 

project led to something, that’s a huge bonus of course.  

 

Somewhat differently, James’ supervisor says:  

 

And because there’s no thousand people that need to interact, it’s, you 

know, if we want to make the product, we have to start from the 

beginning. And it’s also different because, in medical research, you 

have to make some things with certain quality to be usable in humans. 

So you already are doing some of this stuff for the product 

development because you need that to get approved, so you can use it 

in humans. […] an SME [small- to medium-sized enterprise] is 

different from a large company […] So some places, they just have the 

money and say “go and find something, and then we’ll see how you 

use it.” We have a problem and we try to solve that problem. Like, all 

my work is problem based and, therefore, you know the application is 

there. So then, it’s planned for commercialization. So the PhD of 

James, the system he developed or is about to develop together with a 

bunch of people, it’s going to be a CE-marked product as soon as Firm 
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F can finance all this stuff that is needed to make it a CE-marked 

product. So it’s a lot closer circles, and an SME is a lot more flexible 

and faster on, eh, and an SME doesn’t have the resources to just throw 

money on a PhD [student] that might turn out to be something or not. 

 

Identifying direct business opportunities 

 There are limited examples of how firm-employed PhD students can contribute to 

identifying direct business opportunities. The closest examples are perhaps the 

statements made by Edward’s and James’ supervisors in the previous section, 

illustrating that the research carried out by firm-employed PhD students can be 

transferred into product development and implemented into products quite easily.  

  

Firm-specific work activities  

Not all informants have assigned firm work but, for those that do, their work tasks 

are usually related to their research projects in some way or another. Gabriel gives 

an example: “I became very involved in building servers for our group during the 

summer.” He also mentions that he usually spends more time on his firm work than 

stipulated in his contract.  

 

7.3.3 Impacts related to the indirect pathway to innovation 

This section presents empirical statements to illustrate the contributions and impacts 

of firm-employed PhD students on firms’ indirect pathway to innovation through 

knowledge transfer and learning, network development, and signaling effects 

(McKelvey & Ljungberg 2017). 

 

Knowledge transfer and learning 

Accessing scientific knowledge 

The firm-employed PhD students interact with the firm in different ways that can 

enable the diffusion of scientific knowledge. For example, as part of their academic 
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work, the PhD students are expected to attend conferences and publish papers. Most 

of them later share these papers and publications with the firms. As Adrian explains 

“I usually send my conference papers to the firm, at least to my industrial supervisor 

so he’s in the loop of what’s going on. Sometimes I get questions on the paper or 

they want me to explain something in more detail.” The ability to access scientific 

knowledge is also related to network development, which is described later in this 

section.  

 

Developing technological competencies 

The research done by firm-employed PhD students might not result in a particular 

product or process. However, the informants describe their research in the sense that 

they may develop a technology base that can serve as a foundation for many different 

products in the future. Fabio describes his research in terms of being part of a long-

term technological roadmap: 

 

I will be part of the long-term technology road map, so what I’ve been 

working on is a block within the future map. So, basically, the experts 

have been discussing how they can build their architecture, and then 

these are blocks, and each block has to be filled in, and [I] think I can 

contribute to one of the blocks or multiple blocks. 

 

The informants also point out the uncertainty inherent in research and stress that their 

research can potentially end up in new products or processes; as Daniel express it:  

 

I can’t promise anything, it’s a bit unclear […] it’s research and that’s 

a bit like gambling, you never know what works beforehand. You just 

got to have hope. 
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Acting as windows on new technologies 

Firm-employed PhD students report that they want to, and can, be part of developing 

a particular vision that the firm sets out to achieve. The informants express that they 

constitute a way of fulfilling a piece or a part of that particular vision. For example, 

Charlie states: “I see it as there being a vision of doing something, you need to break 

it down into smaller things, and I contribute to one of those things. You know what 

needs to be done but not how it should be done, I see [that] I contribute to solving 

that.” Furthermore, Charlie’s industrial supervisor explains: “So we think that firm-

employed PhD students are the ones that should focus on issues that are not related 

to product development, but lie a bit further ahead and are riskier.” 

 

Generate patents 

From a firm perspective, the demand to produce patents differs between the 

informants. It seems that only Firm C stipulates in the contract with the informant 

that the goal is to file for a certain number of patents during the student’s research 

education. Research area can influence the need for patents in different ways. For 

example, in areas characterized by software development, it can be difficult to file 

for patents due to open-source code, and so forth, while the telecommunications area 

seems to have more incentives to patent. Moreover, the firms’ preferences for patents 

play a role. So far, four of the informants have filed for patents during their research 

education. Three of them have previous industry experience, and Charlie expresses 

that his previous experiences have made it easier for him to file new patents during 

his PhD education: “The ones that come from industry are more used to it, if you 

have worked before and have already been exposed to the patenting process.” Daniel 

has no previous industry experience but is employed at Firm C. 
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Developing internal R&D activities 

A number of informants state that one of the most important contributions they bring 

to the firm is a wider perspective, in terms of both an academic perspective and a 

global perspective. Edward explains:  

 

Bringing the academic perspective and the global perspective into the 

industry are two main contributions I see for the research at Firm G. 

Because, otherwise, we do our research in a closed circle, we don’t 

engage with external parties […] You can have really critical 

discussion on what’s the best way to do [things] and that has given 

interesting conversations for us, to just not be defensive but to be open 

and to accept criticism where it’s due. So, I think that’s a positive thing 

[…] using the academy as a medium to enable this kind of discussion. 

 

Taking a long-term perspective, Fabio expresses a clear expectation from the firm: 

“They expect you to be a PhD student, because they want future research leaders in 

the fields that they identified.” 

 

Human capital management 

Firm-employed PhD students contribute to human capital in two ways: by educating 

colleagues within a specific scientific area and by scouting new recruits. For 

example, testimonials from the informants read: “I’ve held three workshops at Firm 

G [related to his research] with the aim of raising the general level of competence of 

the participants. So, even if you don’t work within this specific area, you still know 

about it and what the area includes” and “[I know] who are close to graduation and 

which of them might be good to hire.”  
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Network development  

Getting insights from external organizations  

By interacting with firm-employed PhD students, firms obtain insights from external 

parties. Based on the informants’ experiences, three such external organizations can 

be identified: the academic world, other industries, and the firm’s competitors. In 

terms of the academic world, it is easier to know what is going on at the universities 

if the firm can obtain insider information. The firms monitor this; as Daniel expresses 

it, “[The firm] wants to know what’s going on at The University.” It is particularly 

important to be up to date with the universities in some cases, as Fabio explains: 

“The real pioneering is happening in some labs; for instance, in The Foreign 

University […], they have been working on that topic for, like, 20 years and then, of 

course, it will help to share those experiences.” Getting insights into other industries 

and how they solve similar problems can also be very helpful. In Edward’s case, this 

kind of input comes through The University, which has a long tradition of 

collaborating with many different industries. As a firm-employed PhD student, it is 

also possible to gain access to competitors in the market. This was the situation for 

Gabriel: “[Grant Foundation A] organizes trips; I went to USA on one of those 2 

weeks ago and had the opportunity to visit competitors of the company.” 

 

Developing and building networks  

Both The University and the firms want the firm-employed PhD students to take part 

in network activities. An extended network can be useful in the development of 

technology and future recruitment, as Gabriel states:  

 

You find valuable contacts, both for yourself and the company. You 

might find someone working on a problem we need to solve at the 

company; then you can start to think about whether you should hire 

that person, read their research, or see if you can develop it on your 

own.  
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Daniel’s industrial supervisor explains:  

 

You get a closer connection to The University, so when Daniel is here 

and talks about other PhD students and their research, or professors 

there, and then “now, it’s an interesting seminar there” and maybe we 

invite some of those professors to visit us also. The exchanges increase 

and it spills over, to some extent, to the people around us […] It has 

strengthened [the contact with foreign professors] through Daniel and, 

eh, I know that, in this particular case, it’s not only because of Daniel, 

but the researcher he visited is a very competent and good researcher, 

so I know that Firm C at the moment is working on an agreement with 

that university because that particular researcher is there. 

 

In terms of establishing contact between the collaborating university and the firm, 

the informants describe different scenarios. In some cases, it is more common for 

firm employees to ask for contact details to people within The University compared 

with the other way around. However, when people at The University ask for contact 

details, it is usually for someone in a parallel group or another part of The University. 

In other cases, university employees also reach out to the firm. Another form of 

networking activity is that The University organizes courses for firm employees; as 

Edward comments: “I would say that [The University] is well industrially integrated 

as well, because they hold these courses for the industry people as well, so that also 

brings another channel for networking.” In some cases, the co-financing organization 

also enables networking possibilities, as is the case with Grant Foundation A. As 

Gabriel explained previously in this section, he received the opportunity through 

Grant Foundation A to travel to the United States and meet competitors of Firm A.  

 

Signaling effects 

Legitimacy  
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A few examples describe how firm-employed PhD students can be useful to the 

firms’ customers. As Kevin explains, the Expert Quick Pitch can be used for 

customers:  

 

The whole idea is that, when we have firms visiting or guests, and 

want to present what the firm does here […] we do excellence, we 

work on things that no one else is working on, or that no one has solved 

yet, and the challenges that most have, and then they see that we are 

working on those problems to solve them. 

 

Academic papers can also be useful; as Daniel’s industrial supervisor explains:  

 

Some of our customers are very research oriented […] In this 

particular case, it was the customer, since they work in that particular 

area, they’ve seen publications and understood that “aha, here is 

someone from The University that is working on this, and here is 

someone from Firm C”; and then they contacted me and asked if we 

could discuss these things further, because they were interested in it. 

So, if we hadn’t had Daniel’s PhD project, we wouldn’t have any 

publications in this area at all. 

 

Prestige  

Firms see publications as something positive. Edward explains that prestige can be 

connected to publishing papers in academic journals: “I think they look at it as a 

prestige thing, if something is publishable by the section, because it brings more 

value to the company as well as the research area, so that is them being positive 

toward publication.” Furthermore, Daniel’s industrial supervisor explains: “So, there 

are also some short-term effects of firm-employed PhD projects; sometimes a 
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publication shows that we are in the forefront, that we are technology leaders, and so 

on. Maybe also that we are an attractive employer.” 

  

In summary, the above sections provided an overview of the empirical material with 

regard to the perspectives of industrial supervisors and managers at the firms, as well 

as statements related to the direct and indirect pathways to innovation. Next, these 

empirical findings will be discussed and contrasted to the theoretical expectations 

outlined in Section 7.2.  

 

7.4 Discussion: Firm-employed PhD students impact on firms’ 

capability for innovation during their education 
This section aims at providing a discussion that is useful for answering Research 

Question 4. First, in Section 7.4.1, the industrial supervisors and firm managers 

expectation on the research education will be discussed, as this reflects their 

ambitions for this form of collaborative research. Section 7.4.2 address firm-

employed PhD students’ impact in relation to the direct and indirect pathway to 

innovation, which is interpreted as how these individuals act as boundary spanners. 

Next, the boundary-spanning behaviors of these PhD students are analyzed with 

regard to firms’ absorptive capacity in Section 7.4.3. In Section 7.4.4, I discuss how 

cognitive distance can be bridged during the formation phase. Finally, in Section 

7.4.5, this analysis is summarized with a framework that visualize above findings 

and explain how firm-employed PhD students contribute to firm capability for 

innovation during their education.  

 

7.4.1 Firms’ expectations on the Research education 

With regard to firms’ expectation on the research education, all industrial supervisors 

and firm managers emphasize that the most important outcome is related to the 

individual PhD student’s development of academic skills and competences. Only one 

firm, Firm C, have additional tangible goals during the PhD education, namely 
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patents. Thus, the aim of employing these PhD students is not to involve them in 

product development or day-to-day operation. Instead, the students PhD projects are 

used to gain knowledge in peripheral areas that might become of interest to the firm 

in the future and, besides scientific education, also introduce these individuals to the 

firm and their challenges as well as expand the student’s personal network within the 

organization to accommodate potential knowledge transfer. Thus, based on the 

statement from firm representatives, the key point of value is to educate an individual 

in scientific knowledge and research processes, because the ‘toolbox’ an individual 

develop during PhD education in electrical engineering at The University is “super 

important and super good.” Thus, the most important outcome to firms is to get a 

highly educated employee, that possess the skills and competences of an academic 

scientist with regard to tools, methods and research experience. Similar to the 

findings in Chapter 4, the industrial supervisors and firm managers emphasize that 

student’s main priority should be their research education.  

 

Although not expecting instant impacts from the firm-employed PhD students, the 

firms still try to integrate the students with the organization to ease any potential 

knowledge exchange during the education. We know from Chapter 4 that firm-

employed PhD students are structurally placed at firms, this is described as vital for 

network development and knowledge exchange by the industrial supervisors, for 

example Daniels industrial supervisor explains “It has to be some continuity in it, 

that’s important and that it is sustained under a longer period of time so you can 

develop these personal contacts and figure out ‘well this person knows this, that 

person knows that and I can talk to him or her about something’ and so on. You need 

to know that you can cross that barrier, that you can go talk to a person because you 

know him or her, that you meet several times before.” Thus, physically visiting the 

firm is important for enabling the firm-employed PhD student to build his own 

network within the organization as well as being knowledgeable about ‘who knows 

what’ at the firm.  
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To summarize above discussion, the key point of value for firms involved in these 

collaborations are the academic skills and competences that the PhD student develop 

during their education. However, student’s structural placement (Borell-Damian et 

al. 2010) at the firm is interpreted to be valuable to ease any potential knowledge 

exchange during the education. 

 

7.4.2 Behaving as boundary spanners through direct and indirect pathways 

to innovation 

Earlier, I established that firm-employed PhD students within electrical engineering 

at The University span organizational borders. This section discusses in what ways 

they may act as boundary spanners for firms (Haas 2015; Leifer & Delbecq 1978; 

Cross & Prusak 2002) in terms of activities along the direct and indirect pathways to 

firm innovation (McKelvey & Ljungberg 2017). On the direct pathway to innovation, 

firms experience outcomes from collaborative research that can be directly 

transferred to the firm and commercialized on the market (McKelvey & Ljungberg 

2017). In terms of product and processes development (Broström 2010; Gustavsson 

et al. 2016), the empirical evidence is somewhat contradictive. Although some of the 

informants clearly state that they do not take part in product development within the 

firm, others state that it will be fairly easy to go from their research to practical 

implementation. In addition, the informants reveal that they can sometimes identify 

situations in which their own knowledge can be matched with the firm’s challenges. 

That is, there are situations in which a firm-employed PhD student can step in and 

help firm employees with a specific problem they are dealing with. Thus, even 

though firm-employed PhD students do not work directly with product development 

as such, they occasionally identify opportunities to assist in problem solving (Bishop 

et al. 2011). Hence, firm-employed PhD students participate in problem solving 

rather than in product development activities.  
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In addition, there is no evidence in the empirical data that the firm-employed PhD 

students participate in process development. Similarly, there is no clear empirical 

evidence in the present research supporting direct business opportunities (Broström 

2010) as a theoretical output. Thus, firm-employed PhD students’ contributions 

mainly lead to new products in the future, for example, as a result of the student 

developing a vision or technology base. It is also clear that some of the students 

participate in firm-specific activities. Usually, these kinds of activities are somewhat 

related to the firm-employed PhD students’ research projects. Thus, students at firms 

that have not formally stipulated time for firm work still experience participation in 

firm-specific work activities to some extent. This finding will be included in the 

direct innovation outcomes due to its tangible character, especially since firm work 

is stipulated in some of the informants’ contracts.  

 

In summary, it is clear that the empirical data supports some, but not all, of the direct 

innovation outcomes found in theory. Firm-employed PhD students create direct 

innovation outcomes in two ways during their education: 1) by assisting in problem 

solving, and 2) by participating in firm-specific work activities. The firm-employed 

PhD students in this study do not contribute to product and process development 

(Broström 2010; Gustavsson et al. 2016) or to the generation of direct business 

opportunities (Broström 2010), although these outcomes were expected based on the 

literature. 

 

In addition to the direct innovation outcomes discussed above, firms also experience 

indirect innovation outcomes when collaborating with The University to host firm-

employed PhD students. These outcomes are more intangible than the direct 

outcomes and can be divided into three categories: knowledge transfer and learning, 

network development, and signaling effects (McKelvey & Ljungberg 2017). These 

categories guide my forthcoming analysis.  

 



 
  

232 

For knowledge transfer and learning, the firm-employed PhD students’ natural 

connection to The University simplifies their access to scientific knowledge (Thune 

2009; Gustavsson et al. 2016) for firms. The empirical evidence from this study 

shows that firms want to learn what is going on in the academic world. It is also clear 

in the empirical findings that firm-employed PhD students develop technological 

competencies (Thune & Børing 2014; Gustavsson et al. 2016) and can act as 

“windows” on new technologies (Perkmann & Walsh 2008). For instance, the 

informants describe how they help firms develop visions and technological 

roadmaps, as well as learn new tools and methods that can be applied at the firm. In 

some cases, the latest developments within a specific field take place at universities. 

Firms can access this pioneering knowledge by having close connections with the 

academic sector, for example through firm-employed PhD students.  

 

Patents are visible both in the theoretical literature and in the empirical data. Four of 

the 15 firm-employed PhD students have filed for patents. However, only Firm C has 

patenting goals connected to the PhD student it hosts. Previous industry experience 

seems to ease the process of patenting, as the individual is thereby more used to this 

kind of process. Furthermore, not all PhD projects are suitable for patenting; for 

example, projects focused on software and coding may not be.  

 

In terms of developing internal R&D activities (Gustavsson et al. 2016), the 

empirical findings indicate that the firm-employed PhD students make two main 

contributions: bringing an academic perspective to the firm and bringing a global 

perspective to the firm. These perspectives enable the firm to open up its internal 

research instead of staying in a closed circle. For instance, an academic perspective 

enables critical discussions on what the best way forward is, without putting too 

much emphasis on commercial aspects. Bringing in a global perspective makes it 

possible to learn how firms in other industries and sectors handle similar problems.  
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In theory, firms experience human capital management benefits when collaborating 

with universities (Broström 2010), which I interpret as having an impact on both the 

recruitment and the training of firm employees (Bishop et al. 2011). These two 

outcomes are also identified within the empirical data. For instance, Firm G has the 

clear expectation that Edward will be a future research leader in the firm. Several 

informants agree that recruitment is an important outcome from the collaboration. 

For example, Hank was chosen to represent Firm A at a job market fair, based on his 

position as a firm-employed PhD student and his previous connections to the 

particular university where the job market took place. 

 

The firms can benefit from the firm-employed PhD students in terms of network 

development. For instance, the firms can access people within The University by 

asking a firm-employed PhD student for contact details or directions. Another way 

of strengthening the connection to the university is to attend courses that The 

University organizes for the industry. The firms’ relationship with other academics 

and universities can be strengthened through firm-employed PhD students, as in the 

case with Daniel and Firm C. Finally, the co-financing organizations involved in the 

PhD project may bring opportunities for network development. Even though the 

empirical material does not give specific examples of new or strengthened contacts 

with other firms, there are some indications that this is happening. For example, 

Gabriel’s trip to the United States allowed him to visit some of the competitors of 

Firm A, which can be categorized as new firm contacts, even though it might not be 

in a very collaborative sense. Also, the courses arranged by The University for 

industry entail network opportunities with other firms. So, even if there are no 

explicit examples of new and strengthened contacts with other firms, I interpret the 

indications described above as implying that the empirical findings appear to align 

with the theory regarding network development. More precisely, three sub-categories 

of network development have emerged from the empirical data: getting access to 
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networks, strengthening relationships with the university, and new and strengthened 

contacts with other firms.  

 

Evidence of signaling effects is found in the empirical investigation in the form of 

papers and publications, representation at job market fairs, and presentations in 

internal or external environments. Edward expresses it in terms of prestige: “I think 

they look at it as a prestige thing, if something is publishable by the section, because 

it brings more value to the company as well as the research area, so that is them being 

positive toward publication.” Hank represented Firm A at a job market fair at a 

university and commented that he was chosen to do so for two reasons: 1) He had 

previous connections to that particular university; and 2) as a firm-employed PhD 

student, he signals that Firm A is an interesting firm to work for, since they do 

research and are driving the technology frontier.  

 

Presentations in internal and external environments can function as signaling effects. 

For instance, the Expert Quick Pitch that the firm-employed PhD students perform 

at Firm A functions as a mechanism to show the firm’s technological excellence, 

both internally (e.g., to top management) and externally (e.g., to Firm A’s customers 

or suppliers). Hence, this standardized pitch is used to signal technological 

excellence and spread knowledge about future technological challenges and 

applications. There are also other presentations that the firm-employed PhD students 

give, which occur in a more ad hoc way, and that can serve as signaling effects. For 

instance, the specific contribution ‘taking on an expert role within the firm’ shows 

examples of such occasions. Again, the student argued that it was due to his position 

as a firm-employed PhD student that he was given the opportunity to present.  

 

According to theory, gaining legitimacy (Gustavsson et al. 2016) for a product or 

process enables firms to strengthen their ties to clients and business partners. 

Moreover, signaling firm quality is important in emerging industries (Higgins et al. 
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2011) and when information asymmetry is evident (Leland & Pyle 1977; Campbel 

& Kracaw 2012; Chemmanur & Fulghieri 2012; Chemmanur 2012; Nicholson et al. 

2005). The empirical examples described above show that firm-employed PhD 

students can contribute to signaling effects since they are used both internally and 

externally to attract new employees, customers, and suppliers to the firm. These 

signaling efforts are not only directed to the external parties; they also apply 

internally, such as Edward’s example of “prestige.”  

 

To sum up, the empirical findings are in line with the theory concerning legitimacy 

and how it can influence external parties. However, I also find that firm-employed 

PhD students can signal research excellence and create a notion of prestige within 

the firm. Therefore, signaling effects in the theoretical framework will include both 

legitimacy and prestige, where the latter is an addition to the framework based on the 

empirical analysis.  

 

On the next page, Table 7.1 presents my interpretation of how firm-employed PhD 

students act as boundary spanners in the direct and indirect pathways to innovation 

in firms; illustrative quotes are included. 
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Table 7.1 How firm-employed PhD students act as boundary spanners in direct and indirect pathways to innovation: 
Illustrative quotes, researcher’s interpretation, and students’ contribution to the firm. 

Illustrative quotes Interpretation of the 
qualitative study findings, 
relative to the heterogeneity 
of conditions 

Contribution to 
firm 

Direct pathway to innovation 

Product development 

“The ones that come from industry are more used to [the 
process of patenting].” 

Not common. Expectation 
depends on contracts and 
whether possible to patent, or 
not, in that technology area 

Patenting 

“It’s very well connected to reality, and we take academic 
help to see and explore if there are other possible control 
(engineering) structures that we can use.” 

Not common. A few do use 
their research to look for 
alternatives in product 
development 

Being involved in 
product 
development 

“It’s not so far ahead, but I don’t think the code I write will 
end up in a product. It is rather code that is based on what I 
have researched, that might end up in a future product.” 

Long time delay to product, 
even in engineering 

Influencing future 
products 

“So we identified this gap, and that’s why we created this 
project. I was involved pretty early in the phase; we found 
this gap to be significant, and we realized we could work on 
this with a research interest as well.” 

Ability to contribute seems to 
be related to previous work 
experience 

Wide diversity of 
whether and how 
long the 
individuals 
previously 
worked in a firm 

Problem-solving activities  

“You can suggest new ways of doing the same thing, that’s 
also, or solving the same problem with new solutions.” 

May be useful in solving 
problems 

Learning new 
tools and methods 

Indirect pathway to innovation 

Knowledge transfer and learning 

“We can be the first ones to have this kind of solution, and 
that’s a good thing. And, as we talked about before, it’s 
starting to come up, some things that can be developed 
based on my models into, like, some product or tool that 
can be used either by the firm or our customers.” 

Developing methods, 
algorithms, and models 

 

Scientific 
knowledge 

Bringing in a 
wider perspective 

A. “I will be part of a long-term technology road map.” 

B. “Something that happened quite recently is that the firm 
suddenly wanted to offer a certain product to our 
customers, and then they started to search for knowledge 
within the firm, and then they found me.” 

A. Focus on technology, but 
might not result in a specific 
product or process 

B. Developing technology to 
levels 3–4 on the Technology 
Readiness Level scale 

Developing a 
technology base  

“I see it as there is a vision of doing something, you need to 
break it down into smaller things, and I contribute to one of 
those things.” 

Developing a technical vision 
for the future; fulfilling part of 
the firm’s goals 

Acting as a 
window on 
technologies 

“The latest news is that a patent we started working on, like 
2 or 3 years ago, was accepted this summer.” 

Filed several patents, some of 
which have been approved 

Generating 
patents  

A. “Or results, if I can give them anything or sometimes, 
like, present to them what we have done, kind of […] And 
then, often, I direct them to the article. You know, I put a 
lot of time into writing them, so then I think it is quite well 

A. Distributing publications 
inside own firm lead to new 
contacts, presentations, and 
introducing new knowledge to 
the firm 

Developing firm 
R&D 
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described in there, what they want to know. But if it’s not 
in the article, of course, you can help them.” 

B. “You can have a really critical discussion on what the 
best way to do [it is], and that has given interesting 
conversations for us (the firm), to just not be defensive but 
to be open and to accept criticism where it’s due.” 

C. “It was another team that is located in the other side of 
the building that said: ‘Hey, we had a thought about using 
machine learning, can you help us supervise a Master’s 
thesis project?’ So it was another team that has asked me 
for my expertise and help in supervising a Master’s thesis 
project together with them, they are the ones getting all the 
output and benefits from the Master’s thesis project, but 
they wanted me involved to push it forward.” 

 

B. Valuable to have a more 
academic and global 
perspective 

 

 

C. Supervising Master’s thesis 
projects on the request of a 
colleague at the firm 

A. “I’ve held three workshops at Firm G [related to his 
research] with the aim of raising the general level of 
competence of the participants. So, even if you don’t work 
with this specific area, you still know about it and what the 
area includes.” 

B. “…who is close to graduation and which of them might 
be good to hire.” 

A. Educating colleagues 
within a specific scientific 
area 

 

 

B. Scouting new recruits 

Human capital 
management 

Network development 

“So, I think a lot of people knew what I was trying to do 
already many years ago, and now, well now, people know 
what I’m doing, so if someone wants to know something 
[in this area], then they direct them to me.” 

Positioning in network, 
internally and externally 

Getting access to 
networks 

“[The firm] wants to know what’s going on at The 
University.” 

Getting insight into external 
organizations 

Strengthening 
relationships with 
university 

A. “For example, it was a technical expert from another 
area at a presentation I had that I had had brief contact with 
before, when we both worked at another firm, that started to 
talk with me and asked about details.” 

B. “[Grant Foundation A] organized trips, I went to USA 
on one of those 2 weeks ago and had the opportunity to 
visit competitors of the company.” 

A. Presentations lead to new 
contacts and meetings 

B. Trips abroad and to firms, 
with graduate students from 
multiple firms 

Developing 
contact with other 
firms 

Signaling effects 

“The whole idea is that, when we have firms visiting or 
guests and want to present what the firm does here, […] we 
do excellence, we work on things that no one else is 
working on, or that no one has solved yet, and it’s 
challenges that most have, and then they see that we are 
working on those problems to solve them.” 

Engaging in activities that 
make it visible that the firm is 
engaged in research. 
Examples: acting as an expert 
at the industry fair and 
presenting the Expert Quick 
Pitch to customers and 
suppliers to show excellence 

Legitimacy 

“I think they look at it as a prestige thing, if something is 
publishable by the section, because it brings more value to 
the company as well as the research area, so that is them 
being positive toward publication.” 

Publishing papers for both 
individual and corporate 
prestige 

Prestige 
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7.4.3 Firm-employed PhD students’ influence on firms’ absorptive capacity 

In this PhD dissertation, recognizing the value of new external knowledge is 

identified as the first dimension of firms’ absorptive capacity (Cohen & Levinthal 

1990; Todorova & Durisin 2007), implying that prior knowledge must be in place in 

order for firms to be able to evaluate new information (Cohen & Levinthal, 1990). 

Firm-employed PhD students can affect the first phase of firms’ absorptive capacity 

in two ways. First, they can access and possess knowledge that is valuable to the 

firm. As they undergo their PhD education, they are significant producers of 

knowledge (Thune 2009). Since the topics of their PhD projects are on the outskirts 

of the firms’ core knowledge domains and product development, while still being 

interesting to the firms, these firm-employed PhD students possess knowledge 

related to scientific results and methods that other firm employees might not have. 

The firm-employed PhD students thus act as boundary spanners in different ways. In 

particular, the following ways of acting as boundary spanners are identified as 

enabling the access to and development of knowledge that holds value for the firm: 

Firm-employed PhD students can access scientific knowledge, develop technological 

competencies, act as “windows” on new technologies, develop human capital 

(educating colleagues and scouting new recruits), strengthen relationships with The 

University, and signal prestige by publishing papers. These behaviors are interpreted 

as enabling accessing and developing new external knowledge that is valuable to the 

firm, which is considered to partly describe how firm-employed PhD students can 

recognize the value of new external knowledge (Cohen & Levinthal 1990; Todorova 

& Durisin 2007). 

 

The second way in which firm-employed PhD students may contribute to 

recognizing valuable new external knowledge is by gaining the ability to understand 

what knowledge is valuable to the firm and how this valuable knowledge can be 

communicated to other employees in the firm. The firm-employed PhD students are 

interpreted as acting as boundary spanners in the following ways to facilitate their 
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learning of what knowledge is valuable to the firm: developing internal R&D 

activities, getting access to networks within the firm, and making new and 

strengthened contacts with other firms. These behaviors are interpreted as enabling 

the students in learning what knowledge is valuable to the firm, which is considered 

to compliment the above partial answer regarding how firm-employed PhD students 

can recognize the value of new external knowledge. To be precise, the empirical 

analysis indicates that firm-employed PhD students contribute to the first dimension 

of firms’ absorptive capacity—namely, recognizing the value of new external 

knowledge—by 1) accessing and developing new external (scientific) knowledge 

that is valuable to the firm, and 2) learning what knowledge is valuable to the firm. 

 

The second dimension of absorptive capacity, assimilate new external knowledge 

(Cohen & Levintahl, 1990; Todorova & Durisin 2007) is interpreted as occurring 

when pieces of knowledge are successfully incorporated into an organization’s 

knowledge structures. To contribute new external knowledge to be integrated into 

the firms’ existing knowledge structures, the firm-employed PhD students are 

assisting in problem solving (Bishop et al. 2011), participating in firm-specific work 

activities, and generating patents (Bishop et al. 2011). With regard to patents, it 

seems that the students who have prior industry experience are more inclined to 

generate patents than those without. Thus, students with previous industry experience 

might learn more quickly what new knowledge is valuable to the firm and how to 

integrate it into existing knowledge structures. 

 

After new external knowledge has been recognized and assimilated, firms can exploit 

and apply it for commercial ends (Cohen & Levinthal 1990; Todorova & Durisin 

2007). This final dimension of firms’ absorptive capacity enables firms to 

commercialize a new product or process. Firm-employed PhD students are expected 

to contribute to this final dimension through the direct pathway to innovation and via 

signaling effects (McKelvey & Ljungberg 2017). Hardly any empirical statements 
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were encountered that demonstrated the students’ contributions to this dimension. 

However, firm-employed PhD students might render important signaling effects that 

can be useful in customer relations, as in the cases of Daniel and Kevin. Due to their 

direct interaction with customers, these cases are interpreted as exploiting new 

external knowledge, since these customers are themselves research oriented. Thus, 

the novelty of knowledge  is important, because the “product” the firms sell to these 

customers in these specific cases is the ability to learn and develop knowledge that 

does not yet exist. Therefore, the firm-employed PhD students are considered to 

exploit new external knowledge but not for commercial ends as such; instead, 

“commercial ends” is interpreted as “signaling legitimacy.” 

 

To summarize, Table 7.2 illustrates boundary-spanning activities in combination 

with examples of contributions made by firm-employed PhD students and how they 

are related to firms’ absorptive capacity. 
 

Table 7.2 Linking the direct/indirect pathways to innovation and related activities with firms’ absorptive capacity. 

Pathway 
to 

innovation 

Boundary-
spanner 
behavior 

PhD students’ specific 
contribution to firms Type of underlying absorptive capacity 

Direct 
pathway** 

Assisting in 
problem solving 

Learning new tools and methods, 
which enables problem solving in 
firms 

Assimilate new external knowledge 

Participating in 
firm specific 
work activities 

Being assigned firm work (10%–
20%), participating in different 
types of technical and group 
meetings 

Assimilate new external knowledge 

 

 

 

 

Indirect 
pathway 

 

 

 

Accessing 
scientific 
knowledge 

Getting insights into external 
organizations such as The 
University, other universities, and 
firms 

Recognize the value of new external 
knowledge: accessing and developing new 
external knowledge that is valuable to the 
firm 

Developing 
technological 
competencies 

Developing technological 
roadmaps, as well as new tools 
and methods 

Recognize the value of new external 
knowledge: accessing and developing new 
external knowledge that is valuable to the 
firm 

Acting as 
“windows” on 
new 
technologies 

Developing a vision Recognize the value of new external 
knowledge: accessing and developing new 
external knowledge that is valuable to the 
firm 
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Cont. 
Indirect 
pathway 

Generating 
patents 

Four of the firm-employed PhD 
students have filed for patents 

Assimilate new external knowledge 

Developing 
internal R&D 
activities 

Bringing an academic perspective 
and global perspective to the firm 

Recognize the value of new external 
knowledge: learning what knowledge is 
valuable to the firm 

Human capital 
management 

Training employees and having 
insight on potential candidates for 
employment 

Assimilate new external knowledge 

Getting access 
to networks 

Participating in talks and 
discussions with colleagues at the 
firm and The University 
(including answering questions 
about contact details from both 
organizations) 

Recognize the value of new external 
knowledge: learning what knowledge is 
valuable to the firm 

Strengthening 
relationships 
with The 
University 

The University organizes courses 
for industry personnel, which firm 
employees can attend 

Recognize the value of new external 
knowledge: accessing and developing new 
external knowledge that is valuable to the 
firm 

Making new 
and 
strengthened 
contacts with 
other firms 

Attending trips organized by co-
financing organizations 

Recognize the value of new external 
knowledge: learning what knowledge is 
valuable to the firm 

Legitimacy Performing presentations 
internally and externally (e.g., 
Expert Quick Pitch or attending 
industry or career fairs) 

Exploit new knowledge for commercial 
ends: Signaling legitimacy 

Prestige Publishing papers Recognize the value of new external 
knowledge: accessing and developing new 
external knowledge that is valuable to the 
firm 

 
** Note that two activities in the direct pathway to innovation have already been excluded (engaging in product and process 
development (Broström 2010; Gustavsson et al. 2016) and identifying direct business opportunities (Broström 2010)), since these 
activities were not supported by the empirical data. 
 
 

7.4.4 Enabling boundary-spanner behavior: Bridging cognitive distance 

In the previous sections, I have established the ways in which firm-employed PhD 

students act as firms’ boundary spanners and thereby influence absorptive capacity 

in specific ways. This section explains why such contributions are possible by 

utilizing the concept of cognitive distance—more precisely, how cognitive distance 

is bridged during the execution phase of academic engagement with industry. To 
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discuss this topic, I incorporate earlier findings from previous chapters with the 

empirical analysis presented above.  

 

In the existing literature, the following key elements have been identified as bridging 

cognitive distance during collaborative research: communicative interaction, 

education, and experience (Nooteboom 2000; Broström & McKelvey 2018). These 

elements, which enable the development of communicative capabilities, are further 

discussed below in relation to the research education of the firm-employed PhD 

students—more specifically, in terms of their university and firm activities. 

 

Cognitive distance bridged through university activities 

In Chapter 4, I established that the firm-employed PhD students prioritize their 

academic work over their firm work, that they operate under similar requirements as 

university-employed PhD students, and that they interact with individuals at The 

University through micro-level activities. Moreover, the above sections in this 

chapter revealed that the industrial supervisors and firm managers support the 

prioritization of academic work and highly value the competences and skills the 

students develop during their university activities. My interpretation of these findings 

in relation to bridging cognitive distance (Nooteboom 2000) is that firm-employed 

PhD students become more cognitively proximate to The University during their 

collaborative PhD project, since 1) the education at The University is of high quality 

with regard to research excellence (Borrell-Damian et al. 2011), and 2) they 

communicate and interact with individuals at The University through different 

micro-level activities. More precisely, the firm-employed PhD students are 

physically working at The University on a regular basis, and the micro-level 

activities they are involved in include: taking courses and teaching; co-authoring 

papers; participating in academic conferences, meetings (supervision and staff), 

exchanges, and trips to other universities; and engaging in informal talks and 

discussions with colleagues at The University. Thus, these firm-employed PhD 
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students are interpreted as bridging their cognitive distance with The University by 

prioritizing their university activities and having communicative interaction with 

individuals at The University. Thus, their education and interaction activities 

(Nooteboom 2000) enable these individuals to bridge their cognitive distance with 

other individuals at The University (particularly at the research level as compared 

with the MSc level) and to access and develop valuable new external knowledge for 

the firm. 

 

Cognitive distance bridged through firm activities 

Although it is not their main priority, firm-employed PhD students also develop their 

networks within the firms by participating in firm activities. As established earlier in 

Chapter 4, these individuals are structurally placed (Borrell-Damian et al. 2011) at 

firms that provide varying degrees of structured facilitation in terms of industrial 

supervisors and firm-level PhD programs. Furthermore, the firm-employed PhD 

students are involved in a number of micro-level activities at the firms: 

 

- Attending meetings (supervision, staff, and technological meetings) 

- Engaging in informal talks and discussions with colleagues at the firm 

- Co-authoring and sharing papers and publications 

- Presenting research at firm 

- Participating in conferences at firms 

- Participating in firm-level PhD program activities 

- Attending and presenting at fairs and exhibitions 

- Writing and sharing reports with firm 

- Developing patents 

- Making exchanges and trips to other offices and firms 

 

As previously discussed in this chapter, firms enable firm-employed PhD students to 

understand what knowledge is valuable for the firms by: a) ensuring that the PhD 
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project is on the outskirts of the firm’s core knowledge and product development, yet 

interesting and timely; b) requiring the students to physically visit and work at the 

firm on a regular basis throughout their PhD education (structural placement); and c) 

assigning the students to an internal project group (which has a manager who is not 

the industrial supervisor), assigning an industrial supervisor, and developing firm-

level PhD programs. My interpretation is that firm-employed PhD students bridge 

their cognitive distance with other individuals in the firm during their education 

through communicative interaction (Nooteboom 2000), which is reinforced by the 

students being structurally placed (Borrell-Damian et al. 2011), and through other 

initiatives related to structured facilitation, which enable them to gain firm-relevant 

experience (Nooteboom 2000) and learn what knowledge is valuable for the firm and 

how to exchange such knowledge with other individuals at the firm. This confirms 

that experience and communicative interaction contribute to bridging the cognitive 

distance (Nooteboom 2000) between firm-employed PhD students and other 

employees at the firm.  

 

To sum up the above discussion, firm-employed PhD students bridge their cognitive 

distance with The University and with the firm during their education. My 

interpretation is that this is a simultaneous process that enables these individuals to 

develop communicative capabilities and learn through interaction with both 

organizations throughout the execution phase of this form of academic engagement. 

Firm-employed PhD students fulfill the theoretical expectation that education, 

experience, and communicative interaction can bridge the cognitive distance 

between individuals (Nooteboom 2000). Through their university activities, firm-

employed PhD students become cognitively proximate to The University, as they 

undergo high-quality education, are physically present, and are involved in micro-

level activities that require communicative interaction. By simultaneously being 

involved in firm activities, these individuals also become cognitively proximate to 

the firm; they gain experience in identifying what knowledge is valuable for the firm 
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by being structurally placed (Borrell-Damian et al. 2011) and being involved in 

communicative interactions through micro-level activities. Thus, in the students’ 

research education, university activities enable the students to bridge the cognitive 

distance from The University through education (Nooteboom 2000), while firm 

activities enable them to do so through experience (Nooteboom 2000). Both 

university activities and firm activities include a wide range of communicative 

interaction initiatives (Nooteboom 2000). 

 
 

7.4.5 How firm-employed PhD students contribute to firms’ capability for 

innovation 

In the previous sections, I have discussed how cognitive distance is bridged during 

the firm-employed students’ research education and explored how these individuals 

act as boundary spanners through direct and indirect pathways to innovation, which 

influence firms’ absorptive capacity in specific ways. These finding are illustrated in 

Figure 7.2.  
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Figure 7.2 Firm-employed PhD students’ contribution to firms’ absorptive capacity. 

 

 
 
As shown in Figure 7.2, the execution phase of the firm-employed students’ research 

education consists of two key elements—university activities and firm activities 

(left-hand side of Figure 7.2)—that bridge the cognitive distance between the PhD 

students and other individuals in the two organizations. In their university activities, 

firm-employed PhD students bridge their cognitive distance with The University by 

achieving research excellence (Borrell-Damian et al. 2010) in their PhD education 

and by being involved in micro-level activities, such as meetings or presentations, 

which develop their communicative capabilities with individuals at The University. 

Simultaneously, firm-employed PhD students participate in firm activities that 

bridge their cognitive distance with individuals at the firm. The students are able to 

do this by being structurally placed (Borrell-Damian et al. 2010) and structurally 

facilitated at the firm, as well as by participating in micro-level activities such as 

technological meetings, firm conferences, and informal discussions with colleagues. 
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This dual bridging of cognitive distance, both at The University and at the firm, 

enables these individuals to act as the firms’ boundary spanners, creating outcomes 

in relation to the indirect pathway of innovation and, to a lesser degree, the direct 

pathway (middle of Figure 7.2). Thus, firm-employed PhD students influence the 

development of the firm’s capability for innovation rather than the firm’s innovation 

per se. The empirical analysis shows this by illustrating how firm-employed PhD 

students contribute to the firm during their studies through boundary-spanning 

activities, revealing that firm-employed PhD students do not fulfill the theoretical 

expectations regarding the direct pathway of innovation. Thus, these students do not 

contribute to product and process development (Broström 2010; Gustavsson et al. 

2016) or to the generation of direct business opportunities (Broström 2010). Even 

though they do assist in problem solving (Bishop et al. 2011) and engage in firm-

specific work activities, my interpretation is that the firm-employed PhD students 

generally do not contribute to the firm’s direct pathway of innovation. Rather, they 

mainly influence firm innovation through the indirect pathway, which entails the 

development of the firm’s capability for innovation through knowledge networks 

between The University and the firm. This finding has implications for firms’ 

absorptive capacity (right-hand side of Figure 7.2). To start with, firm-employed PhD 

students influence absorptive capacity (Cohen & Levinthal 1990) by accessing and 

developing valuable new external knowledge for the firm, since they are significant 

producers of scientific knowledge (Thune 2009). Moreover, they influence 

absorptive capacity by learning what knowledge is valuable to the firm when 

interacting with the firm in different ways that enable them to develop internal R&D 

activities and obtain access to networks through new and strengthened contacts with 

other firms. To summarize, firm-employed PhD students influence the firm’s ability 

to recognize new external knowledge (Cohen & Levinthal 1990; Todorova & Durisin 

2007) by 1) accessing and developing valuable new external knowledge to the firm 

and 2) learning what knowledge is valuable to the firm. This two-dimension 

distinction is new in relation to the existing literature.  
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Next, firm-employed PhD students influence the firm’s ability to assimilate new 

external knowledge (Cohen & Levinthal 1990; Todorova & Durisin 2007) by 

assisting in problem solving, participating in firm-specific work activities, and 

generating patents. Firm-employed PhD students may contribute to exploiting new 

external knowledge for commercial ends (Cohen & Levinthal 1990; Todorova & 

Durisin 2007), under the condition that “commercial ends” is interpreted as 

“signaling legitimacy” to customers. Thus, in specific cases, the ability to signal 

research excellence to customers may be contributed to by firm-employ PhD 

students.  

 

7.5 Concluding remarks and framework development 
This chapter addressed Research Question 3: 

How do firm-employed PhD students contribute to firms’ capability for 

innovation during their education? 

 

This research question addresses the execution phase of this form of academic 

engagement with industry and explores what firm-related consequences firm-

employed PhD students within electrical engineering at The University in Sweden 

might contribute to firms during their education. Three key findings were identified 

in this chapter, which will be put forward and used to modify my conceptual 

framework. Figure 7.3 visualizes the key findings from the analysis in this chapter. 
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Figure 7.3 Execution phase of academic engagement with industry and consequences for firms. 

  
 

First, the execution phase of the firm-employed PhD students’ research education 

contains two key elements with specific characteristics that enable the dual bridging 

of cognitive distance between The University and the firm: namely university 

activities and firm activities (top box in Figure 7.3). Through their education and 

micro-level activities at The University, the firm-employed PhD students bridge their 

cognitive distance with individuals at The University. In parallel, they also bridge 

their cognitive distance with individuals at the firm as they gain experience of firm 

operations and needs and participate in micro-level activities related to the structural 

placement (Borrell-Damian et al. 2010) and structural facilitation of these PhD 

students. Developing these communicative capabilities with both types of 

organizations enables effective knowledge exchange and learning through 

interaction (Nooteboom 2000). Thus, my interpretation is that the research education 
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of these firm-employed PhD students, containing the two collaborative dimensions 

of university activities and firm activities, enables knowledge exchange between 

individuals at The University and individuals at the firms.  

 

The second key finding is that firm-employed PhD students are a direct link between 

The University and industry, acting as boundary spanners (Haas 2015; Leifer & 

Delbecq 1978; Cross & Prusak 2002) by impacting the firm through direct and 

indirect pathways to innovation (McKelvey & Ljungberg 2017). More specifically, 

through their research education, these individuals are able to create indirect 

outcomes related to accessing and developing new and external knowledge for the 

firm. By conducting firm activities, they are also able to contribute to both direct and 

indirect outcomes in terms of learning what knowledge is valuable to the firm, 

assisting in problem solving, participating in firm-specific work activities, and 

signaling legitimacy to customers. 

 

Third, with regard to consequences for firms (bottom box of Figure 7.3), the firm-

employed PhD students primarily contribute to the firms’ absorptive capacity rather 

than to innovation per se. In the first dimension of absorptive capacity, recognizing 

new external knowledge that is valuable to the firm, firm-employed PhD students 

contribute in two ways: by accessing and developing new knowledge and by learning 

what knowledge is valuable to the firm. In the second dimension of absorptive 

capacity, these individuals contribute by assimilating new external knowledge into 

the firm, such as by participating in firm-specific work activities and assisting in 

problem solving (Bishop et al. 2011). Contributions to the last dimension of firms’ 

absorptive capacity are more uncommon, as only one such contribution was 

identified in the empirical analysis. That is, firm-employed PhD students 

occasionally contribute to the exploitation of new external knowledge by signaling 

firm legitimacy to customers. 
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To conclude, this chapter explored how firm-employed PhD students can act as 

firms’ boundary spanners, primarily through indirect pathway to innovation, and 

thereby contribute to firms’ capability for innovation in specific ways. In Chapter 8, 

these findings, along with key findings from Chapter 4 and Chapter 5, will be used 

to propose a theoretical framework of the antecedents, engagement processes, and 

consequences of early-stage career academic engagement with industry.  
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8 Conclusion 

8.1 Introduction 
The purpose of this PhD dissertation was: 

 

 

To explore firm-employed PhD students as a form of academic engagement with 

industry. 

 

 

I have fulfilled this purpose by exploring four independent research questions. Based 

on the related key empirical findings, I propose a revised version of the original 

academic engagement framework developed by Perkmann et al. (2013, 2021). I have 

used a mixed-methods approach to explore firm-employed PhD students as a form 

of academic engagement. More precisely, the backbone of this research comprised a 

multiple case study of firm-employed PhD student projects in engineering at a single 

university in Sweden; this included a total of 41 interviews and seven pilot 

interviews. This primary study was complemented by a minor cross-sectional study 

on the publications of 136 PhD students during their PhD education.  

 

The content of this chapter is as follows: Section 8.2 presents the key findings from 

exploring the four research questions introduced in Chapter 1. I then use these key 

findings to develop and revise the conceptual framework presented in Chapter 2, in 

order to propose a revised version that includes the antecedents, engagement 

processes, and consequences of this form of early-stage career academic engagement 

with industry. Section 8.3 presents suggestions for future research; Section 8.4 then 

addresses the implications of this research for practitioners and policymakers. 
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8.2 Key findings and the development of a revised conceptual 

framework 
The existing research on university-industry interaction (Faulkner & Senker 1995; 

Mangematin 2000; Perkmann et al. 2019; Rappert et al. 1999, OECD 2007; 

Gulbrandsen & Larsen 2000; Santoro & Gopalakrishnan 2000; Lam 2011) and 

university-firm interaction (McKelvey et al. 2015; Thune 2009; Thune & Børing 

2014) has identified graduate students as an important part of such relationships. 

Nevertheless, the literature on graduate students in relation to academic engagement 

with industry is fragmented, particularly in regard to PhD student-firm interaction; 

the literature contains significant heterogeneity with regard to collaboration 

characteristics and differences between nations (Borrell-Damian et al. 2010; Thune 

2009). Therefore, it was necessary to define and describe this particular form of 

early-stage career scientist in the context of engineering in Sweden and to 

characterize the activities included in the research education of these firm-employed 

students. I have done so by answering the first research question in this PhD 

dissertation: 

RQ 1 

Within the Swedish context of engineering, how can the research education and 

activities of firm-employed PhD students be defined and described? 

 

Three key findings were identified in relation to this first research question. First, 

firm-employed PhD students are distinguished as one of several types of PhD 

students in Sweden and are defined by Statistics Sweden & UKÄ (2021) as 

individuals who are employed at a firm (and receive a salary from the firm) while 

pursuing PhD studies within their employment. Firm-employed PhD students in 

Sweden constitute a growing phenomenon (UKÄ 2021b) and account for 5% of 

Sweden’s PhD students. They are most common in technological fields, in which 

13% of PhD students in Sweden are employed by firms. Furthermore, this form of 

early-stage career academic engagement is supported in Sweden by a competitive 
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grant system that enables firms to attain funding to partly cover the employment costs 

for employees who are pursuing a 4-year-long PhD education. Second, when 

exploring the organizational context, little variation was found in how these firm-

employed PhD students are facilitated at The University. The reason for this could 

be that this form of academic engagement is common in the electrical engineering 

department, and the supervisors have previous experience of collaborating with 

industry in this way. The organizational context of the firms entailed more 

variation—more specifically, in regard to firm size, the industry the firms operate 

within, and how the firms facilitate firm-employed PhD students during the students’ 

education. With regard to the latter, I refer to this diversity as varying degrees of 

structured facilitation, which depend on whether or not the firm provides an 

industrial supervisor and has a firm-level PhD program. The majority of students in 

this study operate in firm environments that are characterized by a high degree of 

structured facilitation. Third, I have identified two collaborative dimensions that are 

included in the research education of firm-employed PhD students—namely, 

university activities and firm activities. The former is the main priority for firm-

employed PhD students, as they spend the majority of their time on academic work 

related to their education and PhD project.  

 

With regard to the second research question, there has been increasing scholarly 

interest in exploring scientists’ motivation for engaging with industry (Lam 2011; 

Perkmann et al. 2021) and in the involvement of PhD students in the initiation of 

collaborative university-industry projects (Thune 2009). In particular, Perkmann et 

al. (2021) identify early-stage career academic engagement as a potentially fruitful 

strand of future research, as early-stage scientists’ motivation to publish is likely to 

be higher than entering into academic engagement at this stage in their career. I 

explore this assumption in the second research question of this PhD dissertation:  
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RQ 2 

Why and how do individuals become firm-employed PhD students? 

 

Three key finding were identified through the empirical analysis. First, the firm-

employed PhD students in this study are primarily motivated by intrinsic rewards, 

such as satisfying personal interests and curiosity (Mangematin 2000). They believe 

that it is valuable to combine academic and industrial perspectives during their PhD 

education and to achieve knowledge-related goals (Perkmann et al. 2021). This 

finding is in line with the literature identifying intrinsic rewards as an important 

driver for commercial endeavors (Lam 2011). With regard to extrinsic motivation, 

the empirical analysis identified only a few instances. However, the analysis did 

identify five motivational factors that were not anticipated by existing theory: (i) 

receiving recognition from industry, (ii) obtaining a more interesting job in industry, 

(iii) perceiving value in combining academic and industrial perspectives during one’s 

PhD education, (iv) perceiving increased employability after a PhD education, and 

(v) perceiving good timing to pursue a PhD education. Second, with regard to 

individual characteristics, the firm-employed PhD students in this study are similar 

in that all are males and most conducted their Master’s education in Sweden. Thus, 

these similarities confirm the previous literature in that locally trained males are the 

most common actors conducting academic engagement (Perkmann et al. 2013, 2021; 

Tartari et al. 2012; Lawson et al. 2019). However, diversity was found in the PhD 

students’ previous career experience (Tartari et al. 2012), previous engagement 

experience (Lawson et al. 2016), and research experience, with the latter category 

being identified through an analysis of the empirical material. Third, this diversity in 

individual characteristics has implications for how an individual may become a firm-

employed PhD student. I have identified three distinct scenarios in which individuals 

become firm-employed PhD students: supervisor-initiated projects, MSc thesis-

initiated projects, and firm-initiated projects. My interpretation of the differences 

between scenarios is that firm-employed PhD students do not enter into collaborative 
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research under equal conditions, particularly in relation to the firms. More precisely, 

the degree of cognitive proximity (Nooteboom 2000) individuals has with a firm is 

influenced by the individuals’ work history and educational background (Cummings 

2004; Broström & McKelvey 2018), which are largely related to the scenario by 

which an individual became a firm-employed PhD student. 

 

The third research question was constructed to provide initial insights on whether 

and how firm-employed PhD students do research and publish scientific documents 

during their education, as this had been questioned by academic peers on several 

occasions when I presented early versions of my research. I performed a minor cross-

sectional study to investigate this matter, and provided descriptive bibliometric 

results to answer the third research question of this PhD dissertation:  

 

RQ 3 

How similar are firm-employed and university-employed PhD students in terms of 

the volume and type of publications during their research education? 

 

Two key findings were identified through the minor cross-sectional study. First, the 

analysis shows that there are both similarities and differences between firm-

employed PhD students and university-employed PhD students at electrical 

engineering at The University with regards to the volume and type of documents that 

they publish during their education. In terms of similarities, both types of students 

predominantly produce two types of documents, namely proceeding papers (60%) 

and articles (40%). On average these documents have four co-authors, whereas 

single-authored documents are rare, for both types of PhD students. For the articles 

that are accepted and published in journals, the median reputation of the accepting 

journal is interpreted to be relatively high for both types of PhD students, at least 

when comparing to the median reputation of the SCIE category of Engineering, 

Electrical & Electronic. However, when comparing the reputation of the journals in 
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which firm-employed PhD students publish in with those of which university-

employed PhD students publish in, firm-employed PhD students seem to publish in 

journals with slightly higher reputation than university-employed PhD students. 

Another difference identified in the analysis is that firm-employed PhD students 

produce somewhat less documents during their education compared to university-

employed PhD students. Second, I interpret the descriptive results to illustrate that 

firm-employed PhD students are scientifically productive during their research 

education, although slightly less than university-employed PhD students, and that 

they publish in journals with a good reputation, relative to university-employed PhD 

students and the SCIE category Engineering, Electrical & Electronic. Therefore, I 

suggest that research excellence (Borrell-Damian et al. 2011) is not compromised in 

firm-employed PhD student projects, at least not in comparison with the projects of 

university-employed PhD students. 

  

Finally, regarding the final research question, concepts from the innovation 

management literature were utilized to operationalize outcomes for firms—a topic 

that has received little attention in the academic engagement literature (Perkmann et 

al. 2021). I explored this by answering the fourth research question in this PhD 

dissertation: 

RQ 4 

How do firm-employed PhD students contribute to firms’ capability for innovation 

during their education? 

 

Three key findings emerged from the empirical analysis. First, firm-employed PhD 

students impact the firm primarily through an indirect pathway to innovation 

(McKelvey & Ljungberg 2017), rather than a direct pathway. Thus, I interpret these 

individuals to be a direct link between the university and firms, acting as firms’ 

boundary spanners (Haas 2015; Leifer & Delbecq 1978; Cross & Prusak 2002) in 

specific ways. Second, firm-employed PhD students’ boundary-spanner behavior has 
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implications for firms’ absorptive capacity (Cohen & Levintahl, 1989; 1990). More 

specifically, through their university activities, these individuals can access and 

develop valuable new external knowledge for the firm, while their firm activities 

allow them to identify what constitutes valuable knowledge to the firm and enable 

them to assist in problem solving, participate in firm-specific work activities, and 

signal legitimacy to the firm’s customers. Therefore, the firm-employed PhD 

students contribute to developing, recognizing, and assimilating new external 

knowledge, which conform with the early stages of a firm’s absorptive capacity. 

Third, the research education contains two collaborative elements with specific 

characteristics that enable the dual bridging of cognitive distance for these PhD 

students—namely, university activities and firm activities. Through their education 

and micro-level activities at the university, firm-employed PhD students can bridge 

the cognitive distance between themselves and the individuals working solely at The 

University. In parallel, the firm-employed PhD students also bridge the cognitive 

distance between themselves and the individuals working solely at the firm, as they 

gain experience with the firm’s operations and needs and participate in micro-level 

activities related to their own structural placement (Borrell-Damian et al. 2010) and 

structural facilitation within the firm. Developing these communicative capabilities 

with both types of organizations enables the students to perform effective knowledge 

exchange and learning through interaction (Nooteboom 2000; Nooteboom et al. 

2007). Thus, my interpretation is that the research education of these firm-employed 

PhD students enables knowledge creation and exchange between The University and 

the firms by combining elements of both university and firm activities.  

 

Based on the key findings from the empirical analysis in this PhD dissertation, I 

propose a revised conceptual framework of academic engagement with industry 

(Figure 8.1). As I have focused on the engagement processes during firm-employed 

PhD students’ research education, the revised conceptual framework is visualized as 

a unidirectional flow model. However, I am aware that feedback loops exist between 
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the different elements, although these have not been specifically investigated in this 

research.  

 
Figure 8.1 Revised conceptual framework of the antecedents, engagement processes, and consequences of academic 

engagement with industry through firm-employed PhD students in engineering in Sweden. 
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This research contributes to the literature on academic engagement with industry in 

three main ways. First, regarding the antecedents of such knowledge-related 

collaboration (Figure 8.1, top), this research extends the existing literature by 

providing new insights into a particular type of early-stage career scientist within a 

specific institutional setting. Thus, I interpret the institutional context in Sweden and 

in the field of engineering (top-left box in Figure 8.1) as supporting this form of 

academic engagement by providing a national competitive grant system with public 

and private funds. Regarding the organizational context (top-middle box in Figure 

8.1), I interpret the university as being experienced in collaborating with firms in this 

way, as 18% of all PhD students in technological fields at The University are 

employed by firms. In addition, The University has developed standardized criteria 

for this form of academic engagement with industry, including criteria related to 

study pace (>50%), supervision setup (two or more researchers at The University), 

and teaching (max 20%, which can be replaced with work at the firm). Although 

there is more variation in the related facilitation within the collaborating firms, the 

firm-employed PhD students mostly operate within an environment that is 

characterized by a high degree of structured facilitation and are structurally placed 

(Borrell-Damian et al. 2010) at the firm during their research education. Thus, I 

interpret this form of academic engagement with industry as constituting a 

“normalized practice” (Behrens & Gray 2001; Slaughter et al. 2002) within 

engineering in Sweden, which implies that individuals from universities and firms in 

this area are used to collaborating with each other and are therefore able to 

understand each other’s differences, avoid potential challenges that might occur, and 

choose suitable projects for these firm-employed PhD students. Regarding the 

antecedents at the individual level (top-right box in Figure 8.1), the studied early-

stage career scientists are similar to their more experienced peers that interact with 

industry in terms of primarily being motivated by intrinsic rewards (Lam 2011; 

Perkmann et al. 2021), being male, and having been locally trained (Perkmann et al. 

2013, 2021; Tartari et al. 2012; Lawson et al. 2019) in Sweden. However, diversity 
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was found in the firm-employed PhD students’ previous career experience (Tartari 

et al. 2012), previous engagement experience (Lawson et al. 2016), and research 

experience. 

  

Second, this research explored the engagement processes through which the 

antecedents and consequences of academic engagement with industry may be linked 

(middle box in Figure 8.1). In the conceptual framework developed in Chapter 2, I 

distinguished between the formation phase and the execution phase, where the 

former proceeds the latter. In regard to the formation phase, my interpretation is that 

individuals with diverse work history and educational background (Cummings 2004; 

Broström and McKelvey 2017) can become firm-employed PhD students through 

different scenarios, which then yields variation in the degree of cognitive proximity 

(Nooteboom 2000) that these students have to individuals within the university and 

the firm. Through the empirical analysis, I identified three scenarios through which 

an individual may enter into this form of academic engagement with industry as a 

PhD student: supervisor-initiated projects, MSc thesis-initiated projects, and firm-

initiated projects. Individuals from supervisor-initiated projects are very diverse in 

terms of their degree of cognitive proximity to The University and to the firm, which 

can range from zero to a high degree. In contrast, individuals who become firm-

employed PhD students through firm-initiated projects are interpreted as having a 

high degree of cognitive proximity to both The University and the firm. Individuals 

from MSc thesis-initiated projects are considered to have a high degree of cognitive 

proximity to The University, while having a low degree of cognitive proximity to the 

firm.  

 

In regard to the execution phase, it became clear through the empirical analysis that, 

through their research education, firm-employed PhD students can bridge their 

cognitive distance to The University by conducting their education and participating 

in communicative interaction with individuals at The University (Nooteboom 2000). 
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Simultaneously, they bridge their cognitive distance with the firm by gaining firm-

specific experience and by participating in communicative interaction with other firm 

employees (Nooteboom 2000). This parallel learning experience enables firm-

employed PhD students to act as boundary spanners, rendering outcomes that I 

interpret as being related to either their university activities or their firm activities. 

More specifically, through their university activities, these individuals can create 

indirect outcomes in terms of accessing and developing new external knowledge for 

the firm. By conducting firm activities, the individuals can also contribute to both 

direct and indirect outcomes in terms of learning what knowledge is valuable to the 

firm, assisting in problem solving, participating in firm-specific work activities, and 

signaling legitimacy to firm customers. Thus, I interpret the firm-employed PhD 

students as playing an important part in the transfer of knowledge between the 

involved parties and as taking on a vital role in the formation and maintenance of 

networks between universities and firms (Thune 2009). 

 

Third, in regard to consequences (bottom box in figure 8.1), this research indicates 

that early-stage career scientists that conduct academic engagement with industry 

contribute to research-, commercialization-, and firm-related consequences in 

different ways. Regarding research-related consequences, university activities are 

the main priority for firm-employed PhD students, as the students spend the majority 

of their time on academic work. More precisely, the results of the cross-sectional 

study indicate that firm-employed PhD students are significant producers of 

scientific knowledge (Thune 2009) and publish in journals that have relatively high 

reputation. Therefore, my interpretation is that research excellence (Borrell-Damian 

et al. 2011) is achieved in these firm-employed PhD student projects, at least when 

comparing to university-employed PhD students at electrical engineering at The 

University. In terms of commercial consequences, these individuals occasionally 

generate patents (Broström 2010; Gustavsson et al. 2016), although this is not their 

primary contribution during their PhD education. Lastly, this research illustrates how 
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these early-stage career scientists can act as boundary spanners (Haas 2015; Leifer 

& Delbecq 1978; Cross & Prusak 2002) through direct and indirect pathways of 

innovation (McKelvey & Ljungberg 2017), thereby contributing in specific ways to 

the development of firms’ absorptive capacity (Cohen & Levinthal, 1990; Zahra & 

George 2002; Todorova & Durisin 2007). More specifically, these individuals 

primarily contribute to the early dimensions of a firm’s absorptive capacity, as 

compared with the final ones. In the first dimension of absorptive capacity, firm-

employed PhD students can recognize valuable new external knowledge to the firm 

in two ways: by accessing and developing such new knowledge and by learning what 

knowledge is valuable to the firm. In the second dimension, these individuals 

contribute by assimilating new external knowledge for the firm, such as by 

participating in firm-specific work activities and assisting in problem solving 

(Bishop et al. 2011). Contributions to the third dimension of firms’ absorptive 

capacity are less common; in this dimension, the individuals contribute to exploiting 

new external knowledge by signaling legitimacy to firm customers. 

 

To conclude, the findings in this PhD dissertation contribute to the literature on 

academic engagement with industry in three specific ways. First, this research 

provide important insights into the antecedents of these early-stage career scientists; 

in Chapter 4, I enhanced the current knowledge of how the institutional and 

organizational contexts of engineering in Sweden affect the research education of 

firm-employed PhD students and, in Chapter 5, I provided findings on individual 

antecedents, in terms of motivation and individual characteristics.  

 

Second, by exploring engagement processes, this research provides a deeper 

understanding of the formation and execution phases through which knowledge-

based collaboration between universities and firms is realized through firm-

employed PhD students. Thus, in Chapter 5, I concluded that individuals can become 

firm-employed PhD students through three different scenarios, which carry 
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implications for how the cognitive distance between universities and firms might be 

reduced. Furthermore, Chapter 7 demonstrates that firm-employed PhD students act 

as firms’ boundary spanners through direct and indirect pathways to innovation, and 

shows that this is possible because firm-employed PhD students bridge cognitive 

distance with individuals at The University and at the firm during their research 

education as they simultaneously conduct university- and firm-related activities. 

 

Third, this research extends our knowledge regarding the consequences of academic 

engagement with industry, primarily by introducing firm-related outcomes to the 

already established consequences of academic engagement—that is, research and 

commercialization. While this main contribution is analyzed in Chapter 7, Chapter 6 

provides insights into the research-related consequences of these early-stage career 

stage scientists. More specifically, regarding research-related consequences, the 

mixed-method approach used in this thesis illustrates the usefulness of combining 

different methods and data, as it allowed me to embrace the need to clarify whether 

or not firm-employed PhD students publish scientific documents. Thus, although the 

interview data indicated that these individuals do publish, the cross-sectional analysis 

strengthened these statements and provided descriptive insights into the scientific 

production and journal reputation of firm-employed PhD students in electrical 

engineering. Naturally, the strengths and limitations of each of the different methods 

opens up avenues for future research as well, as further discussed in Section 8.3. 

 
8.3 Future research  
Although this research provides important insights into the antecedents, engagement 

processes, and consequences of academic engagement with industry through firm-

employed PhD students, more remains to be explored in relation to this form of early-

stage career academic engagement with industry. In regard to individual antecedents, 

this PhD dissertation only included individuals with either no or quite long previous 

career experience (Tartari et al. 2012); more precisely, the studied students had either 
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0–6 months or 5 years of such experience. Hence, future research could take other 

time periods of previous career experience into account, such as 2–3 years of 

experience, to investigate the impact of such variation in experience. In regard to the 

organizational contexts of firms, future research can further investigate differences 

between the firms involved in this form of collaborative research, specifically in 

terms of size, R&D activity, and industry (Vivas & Barge-Gil 2015). This 

differentiation was not the main focus of this PhD dissertation, although firms of 

different sizes and from different industries were included as collaborating firms. 

Thus, the variation in firm characteristics could have influenced the success of the 

engagement processes and the consequences of the knowledge-related collaboration 

between universities and firm in different ways. Furthermore, the intra-firm routines 

dealing with these firm-employed PhD students should be further investigated in 

order to more easily identify the successful or unsuccessful facilitation of 

collaboration at the firm-level.  

 

As this study investigated firm-employed PhD students’ contribution to science and, 

to some extent, compared it with those of university-employed PhD students, it 

would also be interesting to analyze whether and how university-employed PhD 

students contribute to firms, since there seems to be little difference between 

university- and firm-employed students. That is, university-employed PhD students 

might interact with firms similarly to firm-employed PhD students in some regards, 

which could be an interesting perspective for future research. 

 

Future research could also explore the interplay between the antecedents and 

consequences of academic engagement (Perkmann et al. 2013, 2021) during the 

different phases of the engagement processes toward achieving successful 

collaboration. For instance, this research suggests that individuals enter into 

university-firm collaborations while bringing diverse experiences, and that they 

operate under varying degrees of structured facilitation at the firm level during the 
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collaboration. However, it is not established how these differences complement or 

hamper successful collaboration. For example, do certain individual characteristics 

make up for a low degree of structural facilitation and vice versa?  

 

In this PhD dissertation, a set of outcomes were identified, particularly in regard to 

the direct and indirect pathways to innovation (McKelvey & Ljungberg 2017). A 

future development of this research could be to more clearly distinguish between the 

degree to which each outcome is occurring. That is, this research primarily described 

the different outcomes and their relation to the three dimensions of a firm’s 

absorptive capacity. Future research could investigate to what degree and when 

during the education certain outcomes occur. 

 

Although this PhD dissertation provides initial insights into how early-stage career 

scientists publish during their PhD education, a more in-depth bibliometric analysis 

could be conducted to assess the scientific impact of these firm-employed PhD 

students. Such an analysis could include citations, co-authorship patterns, and 

network effects. Furthermore, a more robust testing of the bibliometric results would 

make the findings more trustworthy, which would enhance our understanding of the 

publication and scientific knowledge development of these individuals. This 

information could be useful in many ways; for example, it could contribute to the 

discussion on new curricula for PhD education in engineering (Grimm 2018). With 

regard to post-doc careers, it would be interesting to further explore how firm-

employed PhD students pursue their careers after receiving their PhD degree, 

whether they remain in academia or industry, and whether they continue publishing 

and acting as a link between The University and firm in the later stages of their 

careers. 

 

Finally, future research should test the generalizability of the findings in this PhD 

dissertation. For instance, these settings could be explored using a larger sample, 
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such as by using a survey that could be designed in various ways to enable a more 

quantitative analysis of this particular phenomenon. Also, the scope of such a survey 

could be broadened to include other nations, fields, and individuals. Specifically for 

Sweden, it would be interesting to include agricultural sciences and veterinarian 

medicine, since 11% of the PhD students in this field are firm-employed (Statistics 

Sweden & UKÄ 2021).  

 

8.4 Implications for practitioners and policymakers 
For practitioners such as firm managers or industrial supervisors, the findings in this 

PhD dissertation can be valuable in several ways. For instance, this research provides 

an overview of the perspectives of the parties involved, which could help to mitigate 

problems in relation to different value systems and expected outcomes. Thus, if firms 

embark on collaborative research with universities through firm-employed PhD 

students within electrical engineering, it is not reasonable to expect that these 

individuals will be involved in firms’ product development; however, they may 

function as boundary spanners in specific ways, thereby influencing the early phases 

of the firm’s absorptive capacity. To realize this potential, this research demonstrates 

the importance of enabling a firm-employed PhD student to build her or his own 

network within the firm, while simultaneously allowing the PhD student to focus on 

her or his research education at The University. With regard to facilitating firm-

employed PhD students during their education, this research reveals the importance 

of providing structural facilitation at the firm level and encouraging structural 

placement (Borrell-Damian et al. 2010) at the individual level. 

 

For policymakers, the findings in this PhD dissertation are valuable in many ways. 

To start with, it is important to establish a competitive grant system to support the 

hiring of firm-employed PhD students, as firms may experience difficulty employing 

PhD students in this way without such grants. Second, grant-givers can help to 

mitigate problems for the involved parties by including requirements that support 
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successful cooperation. Examples might include the requirement of an industrial 

supervisor throughout the entire research education, or the requirement that firm-

employed PhD students should be granted office space at both organizations. Finally, 

regarding the future knowledge production and diffusion of scientific knowledge in 

society, the use and frequency of this form of collaboration might need to be 

promoted, perhaps in some fields more than in others.  
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Appendix A: Development of the interview guide 

for firm-employed PhD students  

Initially, the interview guideline was developed based on a literature review on 

university-industry interaction. In addition, a pilot interview with a firm-employed 

PhD student was conducted in June 2017. In Table 10.1, a short description of the 

development of the initial interview guide is provided.  
Table 0.1 Development of interview guide for firm-employed PhD students. 

Time period Event Adjustments made to the interview guide 
Spring 2017 Literature review Outlined the basic theoretical concepts that the interview guide should 

contain. 
 

June 2017 Pilot interview with 
firm-employed PhD 
student at The 
University 
 

Added background questions about firm-employed PhD student 
regarding, e.g., financing, study pace, and location of workspace.  

September 
2017 

Workshop at IIE: 
Deciphering the new 
challenges to 
universities.  
During interview No.1, 
the informant mentions 
this theme by himself.  
 

Adding questions about identity, i.e., how the PhD students identify 
themselves (as firm employees or academics).  

September 
2017 

After interview No. 3  The interview guide is rewritten and organized in broader themes with 
a few sub-questions, which are then distributed to the interviewees 
ahead of the interview by mail. An additional question regarding what 
they would do if they weren’t firm-employed PhD students is added.  
 

October 2017  Finalizing the refined 
interview guide to send 
to interviewees 

The interview guide that was intended to be sent to interviewees has 
been reviewed by peers at the Unit of Innovation and Entrepreneurship 
for comments and improvement points. Changes have been made to 
embrace these comments, such as using a check-box slip during the 
interviews. 
 

October 2017 After interview No. 4 Instead of having a number for each question, bullet points are used. 
This is because the questions do not have to be answered in a specific 
order.  
 

October 2017 After interview No. 5 Shifted the order in the interview guide: Ask about the firm before the 
university. I found that it was easy to spend too much time on the 
university questions because I asked them before the firm questions, so 
I switched the ordering.  
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Appendix B: Interview guides for firm-employed 

PhD students, academic supervisors, industrial 

supervisors, and firm managers 

This appendix includes the interview guides for the interviews with firm-employed 
PhD students, academic supervisors, industrial supervisors, and firm managers. 
 
Interview guide for firm-employed PhD students 

Background questions 

• Please share your thoughts on why and how you became an industrial PhD 
student. 

• What is your research project about and how long have you been an industrial 
PhD student? 

• How are you financed and what is your study pace? 
 

The unique position of an industrial PhD student  

• Please describe how you experience having multiple parties (e.g., the 
university, firm, or other) to work with/report to. 

• Are there any advantages or difficulties? 
• Please describe how you identify yourself in your work life. E.g., as an 

academic, company employee, student, or combination of these. 
 

Industrial PhD student’s interaction with the university and firm 

• Where are you located when conducting your work, at the university, firm, or 
any other place? How come? 

• How do you interact with the firm and university?  
• How do you communicate your research and other parts of your work to the 

firm? 
• How has this information been incorporated/spread further in the firm? What 

were the implications? Can you give an example of such a case? What 
happened? 

• Please explain the supervisor setup, how you interact with them, and how they 
influence your research project. E.g., do you meet them on a regular basis, all 
together or on separate occasions, etc.? 

• Please describe what contributions the firm and the university expect from you 
during your education. 
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• What do you think are your most important contributions to the firm and the 
university during your education? 

• If you find out something interesting at the university, how do you share that 
with the company, and vice versa? 

 

The future 

• Please describe how you think upon your career after finalizing your doctoral 
education.  

• If you had the opportunity to employ an industrial PhD student in the future, 
would you do it? Please describe what conditions or circumstances would be 
preferable.  

 
 
 
Check-box slip that accompanied the interview guide 
Examples of activities that industrial PhD students take part in during their education 
(with firms and universities): 
 

 
 

Interview guide: Academic supervisors 
  

Background questions 

• Please describe your academic background and your current research projects.  

• For how long and to what extent have you collaborated with industry? When 

in your career did you start to collaborate with industry? 

• Please describe your experience of supervising PhD students. 

  

Firm-employed PhD students 

• Why do you supervise firm-employed PhD students? 

• Please describe your experience of supervising firm-employed PhD students; 
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are there any particular benefits or challenges connected to this form of 

collaboration? Applicable in both the short and long term?  

• Why are firms, to your understanding, interested in collaborating with you/the 

university through firm-employed PhD students?  

• How do firm-employed PhD students affect the academic working 

environment? 

• Please describe your thoughts about how academic and firm-employed PhD 

students differ. For example, in terms of research excellence, networking, or 

financing options/demand. Both in the short and long run.  

• From your perspective, what setup or factors are important for a successful 

collaboration between firm-employed PhD students, the university, and the 

firm? 

  

The future 

• Would you consider supervising firm-employed PhD students in the future? If 

so, under what circumstances?  

  

 
Interview guide: Industrial supervisors (All interviews done in Swedish) 
  

Bakgrundsfrågor 

• Berätta om din akademiska och industriella bakgrund och vad din position/roll 

på företaget är idag. 

• Vad är dina erfarenheter av att handleda industridoktorander? 

  

Industridoktorander 

• Hur kommer det sig att du handleder industridoktorander, dvs hur har denna 

samarbetsform uppstått? Hur är samarbetet utformat? 

• Vad är, enligt din mening, anledningen till att företaget är intresserat av att 
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samarbeta med universitetet genom att ha industridoktorander? 

• Har företaget övergripande strukturer för att hantera/dra nytta av 

industridoktorander? Exempelvis industridoktorandprogram eller grupp/team 

tillhörighet? 

• Beskriv hur du upplever industridoktorandens bidrag till företaget och hur det 

kan kopplas till innovation. Gärna på både kort och lång sikt. 

• Hur påverkas arbetsplatsen av att ha industridoktorander?  

• Vad skulle du säga är de avgörande faktorerna för ett lyckat samarbete mellan 

industridoktorand, universitetet och företag? 

  

Framtiden 

• Om du i framtiden hade möjligheten att handleda industridoktorander, skulle 

du göra det? Beskriv under vilka förutsättningar i så fall. 

 

 Interview guide: Firm managers (All interviews done in Swedish) 

Bakgrundsfrågor 

• Berätta om din akademiska och industriella bakgrund, samt om dina 

erfarenheter av medverkan i universitets-industrisamarbeten. 

•  Vad är dina tidigare erfarenheter av samverkan med universitetet genom 

industridoktorander? 

  

Industridoktorandprogram  

• Berätta om hur du blev engagerad i företagets industridoktorandprogram. 

•  Vad är, enligt din mening, anledningen till att företaget har ett 

industridoktorandprogram? Vad vill företaget uppnå? 

• Hur är industridoktorandprogrammet utformat? Exempelvis, vilka är 

involverade, finns det specifika aktiviteter eller förväntade prestationer 

kopplade till programmet? 
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• Beskriv hur du upplever industridoktorandens/programmets bidrag till 

företaget och hur det kan kopplas till innovation. Gärna på både kort (under 

studietiden) och lång sikt (efter avlagd doktorsexamen). 

• Hur mäter ni programmets och industridoktorandernas bidrag till företaget? 

Exempelvis genom patent, nätverkseffekter, matchning mot technological 

roadmaps etc.  

• Vad skulle du säga är de avgörande faktorerna för ett lyckat samarbete mellan 

industridoktorand, universitetet och företag? Vilka utmaningar finns? 

 

Example of a modified McKelvey and Ljungberg (2017) framework displayed 

during interviews with firm-employed PhD students, supervisors, and firm 

managers: 
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Appendix C: Examples of how PhD students 

were classified according to source of income 

Table 0.1 Examples of how PhD students were classified according to source of income, whenever it was difficult to 
identify in the raw data. 

PhD student Comment Decision/date 

Example 1 Classification based on thesis acknowledgments 

 

FTG 

2020 03 11 

Example 2 From acknowledgments from thesis: he was probably part of research project involving 

VINNOVA and Firm G, but not as FTG 

DTJ  

2020 03 11 

Example 3 Based on acknowledgments from thesis: No sign of being FTG DTJ 

2020 03 11 

Example 4 From acknowledgments from thesis: he was probably part of research project involving 

VINNOVA, but not as FTG 

DTJ 

2020 03 11 

Example 5 Based on acknowledgments from thesis: No sign of being FTG DTJ 

2020 03 11 

Example 6 Mostly DTJ in raw data (except 1 time period) DTJ 

2020 03 11 

Example 7 Mostly FTG in raw data (except 3 time periods) FTG 

2020 03 11 

Example 8 Mostly DTJ in raw data (except 2 time periods) DTJ 

2020 03 11 

Example 9 Mostly ÖVR in raw data (except 1 time period) ÖVR 

2020 03 11 

Example 10 From university webpage, he is a firm-employed PhD student  FTG 

2020 03 11 

Example 11 Mostly AUH in raw data (except 1 time period) AUH 

2020 03 11 

Example 12 Mostly DTJ in raw data (except 3 time periods) DTJ 

2020 03 11 

Example 13 Mostly DTJ in raw data (except 1 time period) DTJ 

2020 03 11 

Example 14 Mostly DTJ in raw data (except 1 time period) DTJ 

2020 03 11 

Example 15 Mostly DTJ in raw data (except 2 time periods) DTJ 

2020 03 11 

Example 16 Mostly DTJ in raw data (except 1 time period) DTJ 

2020 03 11 

Example 17 Mostly DTJ in raw data (except 1 time period) DTJ 

2020 03 11 

Example 18 Mostly DTJ in raw data (except 2 time periods) DTJ 

2020 03 11 
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Appendix D: Description of interaction activities 

that firm-employed PhD students participate in 

Course credits and teaching at The University 

Each PhD student, regardless of employer, needs to take at least 75 HEC of course 

credits. In addition, most teach at the Master’s or Bachelor’s level. 

 

Meetings at The University 

All of the firm-employed PhD students have meetings. For example, they usually 

have supervision meetings on a regular basis, as well as staff meetings.  

 

Co-authoring papers and participating in academic conferences 

Except for Philip, all firm-employed PhD students are writing a PhD dissertation that 

constitutes of a number of papers. Therefore, they co-author papers and publications 

with their academic colleagues. Usually, their industrial supervisor is a co-author as 

well. These papers are later presented at academic conferences.  

 

Exchanges and trips to other universities 

A few of the firm-employed PhD students have been on exchanges or trips to other 

universities in pursuing their education. 

 

Informal talks and discussions with colleagues at The University 

The firm-employed PhD students interact in informal ways with their colleagues at 

The University, such as through informal discussions with other students and more 

experienced researchers over lunch and coffee breaks, as well as when a particular 

issue or question needs to be addressed. The majority of the students physically visit 

The University on a regular basis, which eases this form of interaction. 
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In regard to the firms, the firm-employed PhD students interact in the following 

ways: 

Meetings at the firm 

All except for Gabriel and Oliver have a clearly defined industrial supervisor at the 

firm; James’s industrial supervisor is his academic supervisor. In addition, there are 

usually other people supporting the firm-employed PhD students, such as control 

groups, technical group managers, or other people from the particular work group 

that the informant belongs to at the firm. The informants have regular meetings with 

their supervisor, one per week. In Gabriel’s case, the initial supervisor changed 

positions, and now there is no other person taking on 100% of the supervisor role. 

However, Gabriel says that other people in the firm assist him to get help and 

guidance, such as the technical manager. Edward experienced a similar situation 

during a 6-month period when his initial industrial supervisor switched positions, 

until a new industrial supervisor was appointed. Oliver does not have an industrial 

supervisor.  

 

Aside from the supervision meetings, a number of other meetings take place at the 

firm in which the firm-employed PhD student can participate. The meetings brought 

up by the informants are different kinds of group meetings and project meetings. 

Group meetings seem to occur on a regular basis, according to Fabio: “Yes, so there 

are, like, routine meetings, like weekly meetings from the groups.” Edward describes 

group technical meetings as follows:  

 

We also have these group technical meetings at The Firm, […] where 

you present all the technical advancements, within the local group. It’s 

not even the full department or section, it’s still this small group, and 

still you get to present your results and have a discussion on what you 

are working on, even informally, because this is more deeply and 

directly connected to the actual application.  
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These technological meetings also take place one level up, at the section level at the 

firm. Project meetings, which aims to present new developments in a particular 

research area at the firm, are another forum for the firm-employed PhD students to 

attend.  

 

Presentations at firms  

The majority of the informants share their experiences regarding holding 

presentations at the firm. For example, Daniel states that he presents several times a 

year at the firm, and Edward explains: “I also present to the management team once 

a year on the research.” In addition, Edward presents at the annual conference 

organized by the firm: “And, of course, the […] annual conference that we do every 

year, and that’s at Firm G, open to all employees.”  

 

Reports sharing progress with the firm 

In the first interview with Daniel, he said that he provided the firm with a written 

report every month to inform them about the progress of the research project. 

However, in the second interview, Daniel no longer mentioned written reports. Ivar, 

James, and Marcus also write progress reports to their employer. 

 

Firm-level coordination of firm-employed PhD students 

At Firm A and Firm G, there are structures in place to organize firm-employed PhD 

students and their research on a firm level, which are referred to as firm-level PhD 

programs. Gatherings are organized on a yearly basis for all doctoral students at the 

firm; they meet up and share research developments and other experiences. Firm A 

also ensures that every firm-employed PhD student can perform an Expert Quick 

Pitch, which is a 3-minute inspiring pitch about each individual’s research. The aim 

of the Expert Quick Pitch is twofold: to make sure the firm-employed PhD student 

can present her or his research in an interesting and informative way, and to be a tool 

for Firm A to showcase technological excellence both internally and externally (e.g., 
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to customers, suppliers, or other parties) by inviting the firm-employed PhD students 

to present on different occasions. At Firm C, no such program exists, but there are 

formal structures around the initiation of firm-employed PhD projects, as described 

by Daniel’s industrial supervisor:  

 

Yes so, the idea pops up locally, and then you need to get it sanctioned 

by a committee, and once you get that, you handle it in the local group 

again […] If we decide we want to have a firm-employed PhD student 

project, we need to go to the committee, it’s coordinated on a national 

level, in the company here in Sweden. But, once you’ve gone through 

that and get a PhD student, it’s very free, so to say. You handle the 

relationship with the university in the local group. 

 

Papers and publications 

None of the firms have any specific requirements for publishing papers. However, 

the firms see publications as something positive. Daniel explains: “No, no more than 

that I should fulfill the requirements of the examination, of course. Well, other 

employees at the firm publish and so do I, the more the merrier.” In addition, Fabio 

mentions that other employees at the firm publish: “I mean, those people are also 

having a lot of potential publications, at least, they visit this academic conference 

every year.”  

 

Patents 

Some of the firm-employed PhD students have been part of patent applications, 

however patents are not a common outcome for these students.  

 

Conferences organized by the firm 

Firm-employed PhD students may participate in conferences that are organized by 

firms, as well as they attend academic conferences.  
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Informal talks and discussions with colleagues at the firm 

The informants also indicate that they spend some time in informal talks and 

discussions with their colleagues at the firm. In terms of asking or answering 

questions, it seems to be mainly the informants who ask questions of the firm 

employees. For instance, Fabio states: “Normally, my working content is, so to say, 

isolated from normal developers, so [it’s] not much related unless I have questions 

regarding tools or features and how to use their result. I mean, normally, I will ask 

them.” However, the opposite does occur, and the informants can answer questions 

from firm employees as well. At times, opportunities to contribute to ongoing 

activities at the firm present themselves. Usually, this happens when the firm-

employed PhD students see that they possess knowledge that can be helpful in the 

firm activities; as Charlie describes:  

 

I saw that they used methods I didn’t think would work and they had 

problems getting it to work. I realized [that] we could do it in another 

way and talked to them about it. So, we tried my suggestion, and I 

wrote the code and ran a small test, and saw that it worked.  

 

Another example is described by Fabio: “The supervisors at the company are trying 

to enhance the performance, and I was taking a course, and I directly saw that maybe 

some knowledge that I have could be applied, so that’s happening right now.”  

 

Exchanges and trips to other offices and firms 

Five of the 15 firm-employed PhD students have had exchanges or trips to other 

offices or firms. These exchanges and trips have been possible through support from 

either Grant Foundation A or Firm G. 
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Fairs and exhibitions 

Seven of the 15 firm-employed PhD students have represented the firm at fairs and 

exhibitions. The informants believe that they were chosen to represent the firms due 

to their position as firm-employed PhD students. Their attendance at the fairs and 

exhibitions has included presentations, as well as network and social activities. 

 

 


