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 English Summary 


In recent decades, both the relevance of innovation for economic development and the scope of innovation 
 policy have expanded, adding to the complexity of innovation policy mixes that comprise broad ranges of 
 policy instruments. In parallel, how innovation policy can contribute to achieving the UN’s Sustainable 
 Development Goals and solving grand challenges has received widespread attention both in policy circles 
 and the academic community. In the three papers of this dissertation, I engage with these major trends and 
 present novel approaches to characterising innovation policy instruments and innovation policy mixes. My 
 analyses shed light on the design of policy instruments for grand challenges, on policy mixes in support of 
 innovative entrepreneurship, and on the structural profiles of national innovation policy mixes. I approach 
 each of these topics by identifying and further analysing latent patterns in thousands of innovation policy 
 instruments from over 50 countries, drawing on  a new and unique database on innovation policy 
 instruments and using natural language processing and latent variable methods. 


In the first paper, I illuminate the underexplored relationship between grand challenges instruments 
 and actor constellations involving civil society. Grand challenges instruments follow a new rationale in 
 innovation policy, according to which innovation should contribute to solving urgent problems of 
 contemporary societies. Grand challenges instruments should target diverse constellations of actors and 
 especially civil society actors, since their involvement in innovation processes increases the chances for 
 the development of solutions that are practically useful and meet societal demands. Studying patterned 
 variation in actor combinations targeted by innovation policy instruments with latent class analysis, I 
 distinguish two typical forms of involving civil society actors and find that only one of them is encountered 
 more frequently in grand challenges instruments. In sum, grand challenges instruments target civil society 
 actors less frequently than what the state of research would lead us to expect, and there is a diversity of 
 forms in which civil society actors are targeted by innovation policy instruments not yet acknowledged in 
 the literature. 


In the second paper, I turn to policy instruments in support of innovative entrepreneurship that affect 
the opportunity structures of individuals in the pursuit of entrepreneurial opportunities and propose a mix 
perspective that considers the combinations of entrepreneurship policy instruments at play in a country at 
a given point in time. Specifically, I study the antecedents of these mixes by asking whether the attention 
that policymakers devote to these different instruments is related to differences in innovative and 
technological entrepreneurial activity in a country. To answer this question, I use topic modelling, a 
natural-language processing method for identifying different types of entrepreneurship policy instruments 
and quantifying their prevalence. My findings suggest that policy instruments providing ex-post support 
for innovative activity are more frequent at lower levels of innovative entrepreneurship, whereas policy 
instruments providing ex-ante support for innovative activity are more frequent at higher levels of 
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technological entrepreneurship. My findings also point to the relevance of systemic perspectives on 
 entrepreneurship, as the relationships among policy mixes, other contextual factors of entrepreneurship 
 and entrepreneurial activity itself are intertwined. 


In the third paper, I present a new approach to studying variation in national innovation policy mixes, 
 comprising the full range of instruments in support of innovation at play in a country at a given time. On 
 the one hand, policymakers purposefully design the instruments included in these mixes to address 
 innovation problems; on the other hand, these mixes emerge over time as agenda-setting outcomes of 
 policy processes. In view of these conflicting perspectives, it is unclear what factors might relate to 
 variation in national innovation policy mixes. Using topic modelling, I identify focal areas in these mixes 
 that concern innovation in firms, research, and systemic development, and test their relationship to different 
 aspects of the performance of national innovation systems and structural and institutional country 
 characteristics. In these mixes, focal areas on innovation in firms turn out to be negatively associated with 
 technological output, while focal areas on research turn out to be positively associated with scientific 
 output. This indicates that business might require more policy support for becoming innovative rather than 
 for staying innovative, whereas researchers might require policy support to sustain already high levels of 
 performance. In sum, in this paper, I propose focal areas of national innovation policy mixes as a new unit 
 of analysis that is useful to analyse the structural profiles of these mixes and find that variation in these 
 structural profiles is related to specific problems or needs of innovation actors. Moreover, my results 
 suggest that these structural profiles bear marks of both purposeful innovation policy design and factors 
 relating to the complex emergence of policy mixes over time.  


Taken together, the three papers of this dissertation make original contributions to innovation policy 
studies and policy studies in general. They enable a better understanding of innovation policy at the micro-
level of the design of specific policy instruments, at the meso-level of thematically delineated policy mixes 
for innovative entrepreneurship and at the macro-level of national innovation policy mixes. Their findings 
provide useful context for policymakers’ decisions concerned with designing grand challenges 
instruments, choice of instruments in support of innovative entrepreneurship, and the question of what 
aspects of innovation policy they should focus on.  
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 Danish Summary 


I løbet af de seneste årtier er innovation i forhold til den økonomiske udvikling i stigende grad blevet 
 relevant, og det samme gælder omfanget af innovationspolicies. Det har øget kompleksiteten af de 
 tilgængelige innovations-policyblandinger, der omfatter en bred palet af policyinstrumenter. Parallelt 
 hermed har politikere såvel som forskningsmiljøerne i stigende grad fået øjnene op for, hvordan 
 innovationspolicies kan bidrage til, at vi opnår FN’s bæredygtighedsmål, og hvordan vi løser de Grand 
 Challenges (store samfundsudfordringer) i den forbindelse. I de tre papers, der udgør denne afhandling, 
 tager jeg fat i disse udviklingstendenser og præsenterer nye tilgange til instrumenter og policy-blandinger 
 på innovationsområdet. Mine analyser kaster lys over udformningen af de policyinstrumenter, der skal 
 håndtere de Grand Challenges, over de policyblandinger, der skal supportere entreprenørerne på 
 innovationsområdet, samt over de strukturelle profiler, der karakteriserer de nationale policyblandinger, 
 når det kommer til national innovation. Min tilgang på hvert område er at identificere og yderligere 
 analysere latente mønstre i tusindvis af innovationspolicyinstrumenter fra mere end 50 lande. Til formålet 
 trækker jeg på en ny og unik database, der indeholder data om innovationspolicyinstrumenter, og til at 
 processere materialet bruger jeg sprogteknologi og latent klasseanalyse. 


I det første paper kaster jeg lys over den underbelyste relation mellem de instrumenter, vi normal 
 bruger til at håndtere Grand Challenges, og aktørkonstellationer, der involverer civilsamfundet. 


Instrumenter, der skal håndtere de Grand Challenges, følger et nyt rationale inden for innovationspolicy, 
 som lægger op til, at innovation skal bidrage til at løse vor tids store og akutte problemer. De instrumenter, 
 der skal håndtere samtidens Grand Challenges, bør være målrettet forskellige konstellationer af aktører, og 
 ikke mindst aktører fra civilsamfundet. Deres engagement i innovationsprocesserne forøger nemlig 
 chancerne for, at der kan udvikles løsninger, der på én gang er praktisk anvendelige og kommer samfundets 
 krav i møde. Idet jeg studerer variationsmønstre i aktørkombinationer, der er påvirket af 
 innovationspolicyinstrumenter, med latent klasseanalyse, skelner jeg mellem to typiske former for 
 involvering af civilsamfundsaktører, og jeg finder, at kun en af dem forekommer hyppigt inden for 
 instrumenter til håndtering af Grand Challenges. De instrumenter, der bruges til at håndtere samfundets 
 Grand Challenges, er ikke nær så målrettet civilsamfundets aktører, som den eksisterende forskning 
 fortæller os. Tværtimod er civilsamfundsaktørerne genstand for innovationspolicyinstrumenterne på en 
 række måder, som litteraturen endnu ikke har anerkendt.  


I afhandlingens andet paper vender jeg mig mod de policyinstrumenter, der understøtter iværksætteri, 
og som igen påvirker mulighedsstrukturerne for individer i deres jagt på iværksættermuligheder. Jeg 
foreslår i den forbindelse et blandingsperspektiv, der indebærer en kombination af de policy-instrumenter, 
der er på spil i et land på et givet tidspunkt. Især studerer jeg disse kombinationers forløb ved at spørge, 
om den opmærksomhed, som policymakers giver disse forskellige instrumenter, har at gøre med de 
forskelle i innovativt og teknologisk iværksætteri, der karakteriserer et givet land. Til at besvare dette 
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spørgsmål bruger jeg emne-modellering, en sprogteknologi, der skal identificere forskellige typer af 
 iværksætterpolicyinstrumenter og estimere deres udbredelse. Mine resultater antyder, at 
 policyinstrumenter, der giver ex-post support til innovative aktiviteter er mere udbredte på lavere niveauer 
 af innovativt iværksætteri, hvorimod policyinstrumenter, der yder ex-ante support til innovative aktiviteter 
 forekommer hyppigere på højere niveauer af teknologisk iværksætteri. Mine resultater antyder også, at 
 systemiske perspektiver på iværksætteri har relevans, ligesom forholdet mellem policy-blandinger, andre 
 kontekstuelle faktorer ved iværksætteri og iværksætteraktiviteter i sig selv er sammenflettede. 


I det tredje paper præsenterer jeg en ny tilgang til studiet af variation i nationale innovations-
 policyblandinger. Tilgangen omfatter hele paletten af instrumenter, der supporterer den innovation, der 
 udspiller sig i et land på et givet tidspunkt. På den ene side designer lovgivere målrettet de instrumenter, 
 der indgår i policyblandingerne, for at håndtere innovationsproblemerne. På den anden side opstår disse 
 policyblandinger over tid som dagsordensættende outcomes af policyprocesser. I lyset af disse 
 modsatrettede perspektiver er det uklart, hvilke faktorer der relaterer til variationen i nationale 
 innovationspolicyblandinger. I brugen af emne-modellering identificerer jeg fokusområder i de 
 policyblandinger, der har relevans for innovation i firmaer samt inden for forskning og systemudvikling, 
 og jeg tester deres forhold til forskellige aspekter af performance af nationale innovationssystemer samt 
 strukturelle og institutionelle landekarakteristika. I disse policyblandinger viser det sig, at fokusområder, 
 der har at gøre med firmaers innovation, er negativt relateret til det teknologiske output. Dette indikerer, at 
 virksomheder har brug for mere policy-support for at blive innovative snarere end for at forblive 
 innovative, mens forskere har brug for policysupport for at bibeholde allerede høje niveauer af 
 performance. For at opsummere foreslår jeg i dette paper fokusområder inden for national 
 innovationspolicyblandinger som en  ny analyseenhed, der er anvendelig til at analysere disse 
 policyblandingers strukturelle profiler, og jeg finder, at variationen i disse strukturelle profiler er relateret 
 til innovationsaktørers specifikke problemer eller innovation. Dertil antyder mine resultater, at disse 
 strukturelle profiler bærer præg af både målrettet innovationspolicydesign og faktorer, der har at gøre med 
 policyblandingernes komplekse fremkomst over tid. 


Under ét yder de tre papers i denne afhandling originale bidrag til studiet af innovationspolicies og 
policy-studier i det hele taget. De tilvejebringer en bedre forståelse af innovationspolicy på mikro-niveau 
i forbindelse med design af specifikke policyinstrumenter, på meso-niveau af tematisk afgrænsede 
policyblandinger i forbindelse med innovativt iværksætteri, og på makro-niveau i forbindelse med 
nationale innovationspolicyblandinger. Papernes resultater giver en anvendelig kontekst til de 
policyaktører, der skal designe instrumenter til at håndtere de Grand Challenges; i valget af instrumenter 
til at supportere innovativt iværksætteri; og med spørgsmålet om, hvilke aspekter af innovationspolicy de 
skal fokusere på. 



(11)vii 
 CONTENTS 


1.  Introduction ... 1 


1.1.  Motivation and Gaps in the Literature... 2 


1.2.  Goals and Purposes of the Dissertation ... 4 


1.3.  Research Questions and Structure of the Dissertation ... 6 


1.4.  Contributions and Overview of the Articles ... 8 


1.5.  Structure of the Synopsis ... 12 


2.  Literature Review ... 13 


2.1.  Innovation Policy ... 13 


2.1.1.  Innovation Policy Instruments ... 13 


2.1.2.  Innovation Policy Mixes ... 16 


2.2.  Three Perspectives on Variation in Innovation Policy ... 18 


2.2.1.  Grand Challenges ... 19 


2.2.2.  Innovative Entrepreneurship ... 21 


2.2.3.  Innovation Systems and Innovation Capability ... 22 


2.3.  Conceptual Framework ... 24 


3.  Methodology ... 27 


3.1.  The Dataset ... 27 


3.2.  Comparing the Empirical Approaches of the Papers ... 32 


3.3.  Why Study Latent Patterns? ... 34 


3.4.  Latent Class Analysis ... 36 


3.5.  Topic Modelling ... 37 


3.6.  Regression Analyses... 38 


4.  Summary of the Papers ... 39 


4.1.  Paper I: Innovation Policy Instruments and Grand Challenges ... 39 


4.2.  Paper II: Policy Mixes for Innovative Entrepreneurship and Entrepreneurial Activity ... 40 


4.3.  Paper III: National Innovation Policy Mixes and Innovation Capability ... 41 


5.  Conclusion ... 43 


5.1.  Findings ... 43 


5.2.  Scientific Implications ... 46 


5.3.  Policy Implications ... 48 


5.4.  Limitations and Future Research ... 49 


Bibliography ... 52 


Appendix ... 59 


Paper I... 72 


Paper II ... 110 


Paper III ... 152 



(12)viii 


Declaration of Co-Authorship ... 192 


List of Tables 


Table 1: Analytical Interest and Scope of the Research Questions, p. 8 
 Table 2: Contributions of the Dissertation, p. 9 


Table 3: The Papers Included in the Dissertation, p. 12 
 Table 4: Examples from the Dataset, p. 31 


Table 5: The Dataset Versions Used and Their Preparation for Analysis, p. 33 


List of Appendices 


Table A1: The Complete Questionnaire of the 2017 Science, Technology and Innovation Policy Compass, p. 59 
 Table A2: Questions Included in Both the 2017 and 2019 Waves of the Science, Technology and Innovation Policy 
 Compass, p. 64 


Table A3: Taxonomy of Functional Instrument Types in the Science, Technology and Innovation Policy Compass, 
 p. 67 


Table A4: Taxonomy of Target Groups in the Science, Technology and Innovation Policy Compass, p. 70 



(13)1 


1.  INTRODUCTION 


In recent years, two major interrelated trends have transformed the understanding of innovation policy. 


First, innovation policy should contribute to solving grand challenges rather than focusing on economic 
 growth (Schot and Steinmueller 2018). In the face of challenges such as climate change, ageing societies 
 and new or neglected diseases, calls for reviving and renewing the concept of mission-oriented innovation 
 policy have been voiced (Foray, Mowery, and Nelson 2012; Mazzucato 2018).  Moreover, innovation 
 policy for sustainability transitions, often with a focus on the adoption of renewable energy, has moved to 
 the forefront of the debate (Kern, Rogge, and Howlett 2019; Weber and Rohracher 2012). These 
 developments are signs of an emerging transformative framing of innovation policy as a quest for solutions 
 to urgent problems of contemporary societies, inter alia drawing on the resources of diverse societal actors 
 (Kuhlmann and Rip 2018). Second, the complexity of innovation policy is increasingly acknowledged by 
 considering it as a policy mix, characterised by complex interactions in a  broad array of different 
 instruments (Cunningham et al. 2013; Martin 2016). The mix perspective on innovation policy has gained 
 prominence as instruments for supporting research and R&D for new products and technologies have 
 diversified and the topic of innovation has begun to pervade other policy areas from entrepreneurship to 
 education and labour (Borrás 2009; Nauwelaers and Wintjes 2008), with the recent turn towards grand 
 challenges contributing to this development. The complexity of policy mixes also concerns the interplay 
 of social, structural and institutional factors shaping their emergence and stands in the way of reducing 
 them to combinations of instruments tied together by the goal of supporting innovation (Flanagan, Uyarra, 
 and Laranja 2011).  


This dissertation engages with both these trends. First, it extends the understanding of grand 
challenges as a new rationale that complements rather than replaces previously developed rationales for 
innovation policy (Laranja, Uyarra, and Flanagan 2008). Second, it contributes to the conceptual 
development of the innovation policy mix as a new analytical perspective acknowledging the increasing 
complexity of innovation policy. It does so in three papers that study variation in thousands of policy 
instruments, understood as techniques of governance to achieve policy goals (Hall 1993; Howlett and 
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Rayner 2007; Vedung 1998). The first paper turns to the distinctive features of policy instruments 
 addressing grand challenges. The second paper turns to the drivers of variation in thematically delineated 
 policy mixes supporting innovative entrepreneurs. The third paper turns to the drivers of variation in 
 national innovation policy mixes comprising the full range of innovation policy instruments in a country. 


1.1.  Motivation and Gaps in the Literature 


While grand challenges and the policy mix perspective are key topics in innovation policy studies, 
 important gaps remain in the literature. Grand challenges are well established as a discursive phenomenon 
 (Flink and Kaldewey 2018; Ulnicane 2016) and as a thematic anchor point for new ideas about the role of 
 innovation policy in society (Kuhlmann and Rip 2018; Schot and Steinmueller 2018). Yet, while there are 
 precedents for coevolution of policy rationales and instrument choices (Mytelka and Smith 2002), it is not 
 evident whether and how these ideas translate into palpable policy change (Flanagan and Uyarra 2016). 


This links to questions about empirical applications of the innovation policy mix concept, which are almost 
 exclusively limited to case studies to date (Schmidt and Sewerin 2019), leaving the question of variation 
 in innovation policy mixes largely unexplored. Specifically, there are at least four gaps in the literature 
 concerning the study of policy instruments in relation to grand challenges and in the context of the 
 innovation policy mix. 


The first gap concerns the limited knowledge about the design of innovation policy instruments for 
 grand challenges. A key feature of the new policy rationale to address grand challenges is that policy 
 instruments should involve “new constellations of innovation actors to emerge and become active” 


(Kuhlmann and Rip 2018). This focus on collaborations among diverse actors links the new policy rationale 
to recent models of knowledge creation such as the “quintuple helix” (Carayannis, Barth, and Campbell 
2012), “citizen science” (Irwin 2002) and “mode 2” (Gibbons et al. 1994). However, the specific actor 
constellations targeted by innovation policy instruments for grand challenges remain underexplored, 
leaving open questions about whether these instruments facilitate new forms of knowledge creation, and 
how they enact the grand challenges concept. 
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The second gap concerns the limited overview of innovation policy mixes. While the literature has 
 advanced the understanding of specific types of instruments, studies considering the full range of 
 innovation policy instruments are rare.1  Existing taxonomies of innovation policy instruments are of 
 limited scope and cover only the most important instrument types (Borrás and Edquist 2013; Edler and 
 Fagerberg 2017). Moreover, as social technologies, policy instruments are flexibly reinterpreted by their 
 implementors and users (Flanagan, Uyarra, and Laranja 2011; Lascoumes and Le Gales 2007), so that the 
 compatibility between empirical observations and instruments taxonomies is limited. In sum, it remains 
 unclear what elements a broad-scale analysis can identify in innovation policy mixes, and how to study 
 them.  


The third gap concerns the case of the policy mix for innovative entrepreneurship that forms a subset 
 of the innovation policy mix. Understanding the policy mix for innovative entrepreneurship is important 
 since innovative entrepreneurship is a spill-over mechanism translating scientific advances and R&D 
 results into growth (Audretsch and Keilbach 2008) and can contribute to solving grand challenges (Bradley 
 et al. 2021). While there is abundant literature on the effectiveness of select types of instruments in support 
 of innovative entrepreneurship, little is known about the combinations of instruments new ventures are 
 exposed to (Bradley et al. 2021; Giraudo, Giudici, and Grilli 2019). Moreover, what draws the attention of 
 policymakers to the issue of innovative entrepreneurship and shapes their preferences for specific types of 
 instruments supporting innovative entrepreneurs remains largely unexplored. 


The fourth gap concerns the limited understanding of variation in innovation policy mixes. While the 
 literature points to a variety of factors that could relate to variation in innovation policy mixes, empirical 
 tests involving higher numbers of policy instruments are rare.2 A prominent view is that because innovation 
 policy is concerned with sustaining innovation system performance, instrument choice should be driven 
 by problems and needs of actors in these systems (Borrás and Edquist 2013; Edler and Fagerberg 2017). 


However, policy instruments are agenda-setting outcomes of policy processes, and their choice might not 


1 Correspondingly, in a literature review Martin (2016) finds that there are no studies considering the full range of 
 R&D policy instruments, which constitute an important subset of innovation policy instruments.  


2 The third paper of this dissertation discusses the exception of Izsak et al. (2015) in detail. In short, while this study 
submits around 2000 policy instruments to the analysis, its results remain inconclusive. 
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be based in rational, utilitarian criteria (Flanagan, Uyarra, and Laranja 2011). The literature has shown that 
 innovation policy makers change their views based on new information (Malik and Cunningham 2006; 


Mytelka and Smith 2002; Sharif 2006; Borrás 2015), and that policy mix characteristics are associated with 
 dynamics between governance at supranational, national/federal, and regional/state levels (Lanahan and 
 Feldman 2015; Langfeldt et al. 2012; Magro and Wilson 2013). Moreover, differences in national 
 policymaking styles and path-dependent developments result in differing policy mixes (Borrás and Edquist 
 2013; Izsak, Markianidou, and Radošević 2015). To date, these factors have neither been systematically 
 compared nor have they been tested as to which specific aspects of innovation policy mixes they might 
 relate.  


  


1.2. Goals and Purposes of the Dissertation 


This dissertation sheds light on innovation policy for grand challenges and innovation policy mixes by 
 addressing a limitation common to the understanding of both these phenomena. The availability of 
 comparable data is limited, instrument goals and means are highly diverse, and data on instruments is 
 multidimensional and often consists of textual information that is difficult to process for large numbers of 
 instruments. This dissertation engages with the empirical and methodological challenges making it difficult 
 to submit large numbers of policy instruments to comparative analyses (Howlett and Cashore 2009; 


Howlett and Rayner 2008). It makes innovation policy instruments amenable to broad-scale comparative 
 analyses, using natural language processing and latent class analysis to identify latent patterns in several 
 thousand innovation policy instruments from more than 50 countries (EC/OECD 2020; 2018). On this 
 basis, this dissertation pursues four goals. 


First, this dissertation seeks to analyse what typical constellations of actors innovation policy 
instruments target, and to scrutinise the distinctive features of targeted actor constellations of grand 
challenges instruments. In the literature, innovation policy instruments are usually distinguished by the 
goals that they seek to achieve, or by their means to achieve these goals, ranging from direct funding for 
R&D to support services, campaigns and networking initiatives (Borrás and Edquist 2013; Edler and 
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Fagerberg 2017). Identifying typical constellations of actors targeted by policy instruments, I seek to 
 complement existing instrument classification schemes with another approach to identifying similarities 
 and differences of instruments. On this basis, this dissertation considers whether grand challenges policy 
 instruments target heterogeneous actor combinations (Ulnicane 2016), paying particular attention to civil 
 society actors. This new group of actors rarely targeted by conventional innovation policy instruments is 
 highly relevant in the context of grand challenges instruments that are based in a new understanding of the 
 relation between innovation policy and society (Kuhlmann and Rip 2018; Cagnin, Amanatidou, and 
 Keenan 2012). 


Second, this dissertation seeks to develop comprehensive mappings of innovation policy mixes by 
 analysing a novel dataset containing information on thousands of innovation policy instruments in the 
 OECD countries and beyond with natural language processing methods (EC/OECD 2020; 2018). Based 
 on these data and methods, I seek to propose a new operationalisation of the innovation policy mix concept. 


This operationalisation is based on the bottom-up identification of groups of similar instruments, as well 
 as the description of innovation policy mixes of different countries as being composed of similar elements 
 that they contain in varying proportions, and it enables asking new research questions concerning 
 innovation policy.  


Third, this dissertation seeks to illuminate policy mixes for innovative entrepreneurship, by 
 identifying the different types of instruments that innovation policymakers deploy for entrepreneurship 
 support, and by providing elements of an explanation of how variation of these types of instruments comes 
 about. Thereby, it seeks to provide a  comparative perspective that considers different kinds of policy 
 instruments that jointly relate to innovative entrepreneurship (Bradley et al. 2021)  and to extend the 
 understanding of entrepreneurial ecosystems that comprises the contextual factors of entrepreneurial 
 activity (Stam and van de Ven 2021; Ács, Autio, and Szerb 2014; Schmutzler, Pugh, and Tsvetkova 2020).  


Fourth, this dissertation seeks to propose a framework for assessing how multiple factors shape 
innovation policy mixes, and to link the impact of specific factors to specific aspects of innovation policy 
mixes. In brief, this dissertation intends to illuminate basic patterns in policy mix variation and weigh 
different approaches to explaining them. To do so, it considers whether policy mix variation is related to 
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innovation system characteristics (Borrás and Edquist 2013), or whether the complexity of innovation 
 policy, driven by factors such as multi-level dynamics, (Lanahan and Feldman 2015; Magro and Wilson 
 2013) the diffusion of ideas (Malik and Cunningham 2006; Mytelka and Smith 2002; Sharif 2006) and 
 institutional differences (Casper 2010; Hollingsworth 2000) impedes identifying such relations. 


1.3. Research Questions and Structure of the Dissertation 


This dissertation analyses large numbers of innovation policy instruments to improve the understanding of 
 innovation policy instruments for grand challenges, to map innovation policy mixes and to understand 
 factors shaping them, both in general and with regard to select policies supporting innovative 
 entrepreneurship. Its guiding research question reads: 


What patterns can we identify in large-n studies of innovation policy instruments, and 
 what can we learn from these patterns about policy instruments for grand challenges and 
 about the characteristics of innovation policy mixes? 


Each of the articles of this dissertation engages with a sub-question to this guiding question. Just as the 
guiding question, each of the sub-questions has two parts, since each paper first identifies a latent pattern 
in the policy instruments analysed, and then uses the information from this latent pattern to test or develop 
concepts from the literature. The first sub-question relates to the targeted actors of policy instruments for 
grand challenges. The second and third sub-questions are similar in structure since both are concerned with 
identifying different groups of policy instruments in innovation policy mixes and understanding how the 
relative proportions of these groups vary.  While the second question aims at the subset of policy 
instruments for innovative entrepreneurship, the third question aims at the full range of policy instruments 
included in national innovation policy mixes. 
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1.  What typical constellations of research and innovation actors targeted by innovation policy 
 instruments can we identify, and to what extent are grand challenge-oriented R&I policy 
 instruments designed to target civil society and more diverse constellations of R&I actors? 


2.  What types of policy instruments for innovative entrepreneurship can we identify in national 
 innovation policy mixes, and how does variation of these types relate to entrepreneurial 
 activity in a country? 


3.  What thematic focal areas of policy instruments can we identify in national innovation policy 
 mixes, and how does variation of these focal areas relate to innovation capability? 


Answering these three sub-questions illuminates key characteristics of specific types of innovation policy 
 instruments, of combinations of different types of innovation policy instruments, and of the population of 
 instruments included in the comprehensive dataset that this dissertation draws on. The first sub-question 
 aims at uncovering typical constellations of R&I actors targeted by the population of instruments analysed, 
 and then relating select constellations of R&I actors to the subpopulation of instruments addressing grand 
 challenges. The second and third sub-questions both focus on innovation policy mixes. While the second 
 one aims at combinations of different types of instruments sharing a similar goal, the third aims at the full 
 range of instruments in national innovation policy mixes. The second sub-question aims at identifying 
 select policies in support of entrepreneurship in national innovation policy mixes and relating country-
 level variation of these policies to innovative entrepreneurial activity. The third sub-question aims at 
 identifying thematic focal areas in national innovation policy mixes and relating country-level variation of 
 these focal areas to innovation capability, a concept for measuring the performance of innovation systems.  


Table 1 illustrates the structure of the dissertation. The first research question is most specific as it 
scrutinises specific features of a subpopulation of instruments, studying targeted actor constellations of 
instruments addressing grand challenges.  The second research question covers the middle ground in terms 
of scope. Concerned with thematically delineated policy mixes for innovative entrepreneurship, it 
identifies different types of policy instruments fostering innovative entrepreneurship and studies their 
variation in relation to entrepreneurial activity. The third research question is broadest in scope. Concerned 
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with national innovation policy mixes, it provides a macro-level analysis that identifies thematic focal areas 
 characterising high shares of the instruments in these mixes and relates these foci to innovation capability.  


Table 1. Analytical Interest and Scope of the Research Questions
 Research 


Question  Topic  Relation of interest  Level of analysis 


1  Policy instruments for 


grand challenges  Design of grand challenges 
 instruments / combinations of 
 targeted actors including civil 
 society  


Micro: Features of a specific 
 type of instruments 


2  Policy mixes for 
 innovative 
 entrepreneurship 


Instruments supporting 
 entrepreneurship / 
 entrepreneurial activity 


Meso: Thematic innovation 
 policy mixes 


3  Innovation policy mixes 


in innovation systems  Thematic focal areas in the full 
 range of instruments / 


innovation capability  


Macro: National innovation 
 policy mixes 


1.4. Contributions and Overview of the Articles 


Table 2 summarises the scientific contributions of the three papers in this dissertation. Each paper makes 
 a theoretical, a methodological and at least two empirical contributions. This section only comments on 
 the theoretical and empirical contributions, referring the reader to Table 2 for the summary of empirical 
 contributions.  


The first theoretical contribution concerns the involvement of civil society actors as target groups of 
innovation policy instruments for grand challenges. The first paper shows that innovation policy 
instruments target civil society actors in at least two ways, as members of “wide constellations” where they 
occasionally complement actors from research, business, and other areas; and as members of “civil society-
led constellations”, in which they play a dominant role and are occasionally complemented by research 
actors and others. This adds to the recent literature emphasising that civil society plays an important role 
in transformative innovation policy, with citizens providing data, conducting research and shaping agendas 
(Schot and Steinmueller 2018; Weber and Truffer 2017). This literature already has considered 
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constellations in which civil society actors complement research and business actors (Cagnin, Amanatidou, 
 and Keenan 2012; Olsen, Sofka, and Grimpe 2016). The theoretical contribution of this dissertation lies in 
 the argument that there are diverse ways for innovation policy to involve civil society, and that the study 
 of these diverse ways can contribute to understanding instruments for grand challenges and transformative 
 innovation policy. 


Table 2. Contributions of the Dissertation 


Paper  Theoretical/conceptual  Methodological  Empirical 
 1  Civil society actors are 


targeted by innovation 
 policy instruments in at 
 least two ways. These 
 diverse forms of their 
 involvement deserve 
 theoretical appraisal, not 
 least in the context of 
 grand challenges 
 instruments. 


Classifying 
 innovation policy 
 instruments 
 according to typical 
 constellations of 
 targeted actors with 
 latent class 


analysis. 


-  Identification of five typical 
 constellations of actors targeted by 
 innovation policy instruments, two 
 of which include civil society actors 
 to a significant degree. 


-  While grand challenges instruments 
 target constellations sometimes 
 including civil society actors, they 
 might involve civil society less 
 frequently as suggested in the 
 literature. 


2  Entrepreneurial activity 
 drives variation in some 
 elements of policy mixes 
 for innovative 


entrepreneurship. These 
 mixes form part of 
 entrepreneurial 
 ecosystems. 


Direct measures for 
 the institutional/policy 
 environment of 
 entrepreneurial 
 activity, based on a 
 policy mix mapping 
 with natural 
 language 
 processing. 


-  Characterizing policy mixes for 
 innovative entrepreneurship as 
 configurations of four types of 
 instruments. 


-  Relative to other facets of 


innovation policy mixes, innovative 
 entrepreneurship receives more 
 attention in Europe compared to the 
 US. 


3  Focal areas of policy 
 mixes are a new, useful 
 category to analyse the 
 structure of national 
 innovation policy mixes. 


These focal areas are 
 associated with 
 innovation capability. 


Classifying 
 innovation policy 
 instruments based 
 on a policy mix 
 mapping with 
 natural language 
 processing. 


-  Characterizing national innovation 
 policy mixes as configurations of 
 approximately 25 types of 
 instruments. 


-  Distinguishing three focal areas in 
these mixes. 
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The second theoretical contribution concerns the understanding of policy mixes for innovative 
 entrepreneurship. The second paper shows that changes in innovative and technological entrepreneurial 
 activity are associated with variation of some elements in such policy mixes, shedding light on what lets 
 policymakers turn their attention to devising entrepreneurship policy in the first place. Studying the 
 antecedents of entrepreneurship policy adds to the understanding of how governments support innovative 
 entrepreneurship, a question that receives increasing attention in the literature (Bradley et al. 2021). 


Moreover, this paper argues that the policy instruments under study count towards the aggregations of 
 contextual factors of entrepreneurial action comprised in entrepreneurial ecosystems, as their variation is 
 associated with institutional and structural country characteristics (Ács, Autio, and Szerb 2014; 


Schmutzler, Pugh, and Tsvetkova 2020; Stam and van de Ven 2021).  


The third theoretical contribution concerns a conceptual proposition regarding innovation policy 
 mixes. Existing conceptualisations describe policy instruments, and sometimes also strategies, as their key 
 elements (Rogge and Reichardt 2016; Flanagan, Uyarra, and Laranja 2011). The third paper extends this 
 perspective by turning to thematic focal areas of such mixes, making larger groups of familiar instruments 
 its unit of analysis. This enables it to analyse structural profiles of national innovation mixes by 
 demonstrating that variation in thematic focal areas is associated with innovation capability, a concept for 
 measuring the performance of innovation systems (Archibugi and Coco 2005; Castellacci and Natera 2013; 


Fagerberg and Srholec 2008; Furman, Porter, and Stern 2002). 


Methodologically, this dissertation analyses latent patterns in large datasets of innovation policy 
instruments (EC/OECD 2020; 2018), tapping into novel data sources and presenting novel methods for the 
study of innovation policy (Feldman, Kenney, and Lissoni 2015). The specific methodological 
contributions of the first and the third paper are familiar. The former analyses the constellations of actors 
targeted by these instruments with a latent variable method called latent class analysis (Vermunt and 
Magidson 2014), and the latter analyses textual data on these instruments with a natural language 
processing method called topic modelling (Blei 2012). Making variation in the constellations of targeted 
actors and patterns in the wording of instrument descriptions amenable to the analysis, both papers present 
analytical perspectives on policy instruments that complement existing taxonomies of innovation policy 
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instruments (Edler et al. 2016; Borrás and Edquist 2013). The added value of these perspectives lies in the 
 bottom-up character of their categories that are estimated based on a large dataset of existing policy 
 instruments. These categories can capture relevant features of instruments that are otherwise overlooked.  


The second paper is methodologically similar to the third one in using topic modelling, however, its 
 methodological contribution differs. This paper proposes quantitative measures describing policy mixes in 
 support of innovative entrepreneurship based on textual data on policy instruments. Such measures can 
 complement proxy indicators for the institutional environment of entrepreneurship frequently used in 
 entrepreneurship research, such as economic freedom or the rule of law (Bjørnskov and Foss 2016). 


Table 3 presents an overview of the three papers complementing the summary of contributions given 
in Table 2. It specifies the theoretical and conceptual spaces in which the papers are located and indicates 
that the first paper combines the method of latent class analysis with logistic regression, and the second 
and third papers combine topic modelling with fractional response logistic regression (Papke and 
Wooldridge 1996). It also indicates that the first paper was co-authored with Susana Borrás and the second 
paper was co-authored with Christoph Grimpe. The last column indicates the target audience and the status 
of each paper on its way to publication.  
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 Table 3. The Papers Included in the Dissertation 


Paper  Research question  Theoretical or 
 conceptual 
 space 


Methods  Authorship  Target 
 audience 
 1  What typical constellations 


of R&I actors targeted by 
 innovation policy 
 instruments can we 
 identify, and to what extent 
 are grand challenge-
 oriented R&I policy 
 instruments designed to 
 target civil society and 
 more diverse constellations 
 of R&I actors? 


Transformative 
 innovation 
 policy; policy 
 instrument 
 design 


Latent class 
 analysis and 
 logistic 
 regression 


Co-authored 
 with Susana 
 Borrás 


Industry and 
 Innovation 
 (submitted) 


2  What types of policy 
 instruments for innovative 
 entrepreneurship can we 
 identify in national 
 innovation policy mixes, 
 and how does variation of 
 these types relate to 
 entrepreneurial activity in a 
 country? 


Policies as 
 contextual 
 elements of 
 entrepreneurial 
 action; policies 
 in entrepreneurial 
 ecosystems 


Topic 
 modelling 
 and fractional 
 response 
 logistic 
 regression 


Co-authored 
 with 
 Christoph 
 Grimpe 


Global 
 Strategy 
 Journal (in 
 preparation 
 for submission) 


3  What thematic focal areas 
 of policy instruments can 
 we identify in national 
 innovation policy mixes, 
 and how does variation of 
 these focal areas relate to 
 innovation capability? 


Innovation 
 policy mixes in 
 innovation 
 systems 


Topic 
 modelling 
 and fractional 
 response 
 logistic 
 regression 


Single-


authored  Research 
 Policy (in 
 preparation 
 for submission) 


1.5. Structure of the Synopsis 


The remainder of this synopsis is structured as follows. Section 2 presents the key concepts from the 
literature used in the three papers. It describes innovation policy instruments and innovation policy mixes 
as key concepts for understanding innovation policy and then turns to grand challenges, innovative 
entrepreneurship, and innovation capability as concepts providing different perspectives on variation in 
innovation policy instruments and mixes. Section 3 presents the survey dataset that all three papers draw 
from and the methods used. Section 4 contains summaries of the three papers, and Section 5 concludes. 
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2.  LITERATURE REVIEW  


In this dissertation, I use two key concepts concerning innovation policy: Policy instruments and policy 
 mixes. The literatures around both these concepts are closely related and overlap, since policy instruments 
 are key elements of policy mixes. In Section 2.1, I turn to the concept of policy instruments, distinctions 
 between different kinds of instruments and the limitations of studying instruments. Next, I present the 
 concept of the innovation policy mix, discussing combinations of innovation policy instruments, the 
 complexity of innovation policy and the scope of innovation policy mixes. In Section 2.2, I discuss how 
 the concepts grand challenges, innovative entrepreneurship and innovation capability relate to variation 
 in innovation policy instruments and mixes.  


2.1. Innovation Policy 


Innovation policy, understood as policies affecting innovation, comprises a broad array of policies that 
 have been introduced under different labels and with diverse motivations at different points in time (Edler 
 and Fagerberg 2017). These include science policy supporting the “production of scientific knowledge”, 
 technology policy supporting “the advancement and commercialisation of sectorial technical knowledge” 


and innovation policy supporting the “overall innovative performance of the economy” (Lundvall and 
 Borrás 2005, 615). For understanding innovation policy in practice, the literature considers innovation 
 policy instruments the main unit of analysis (Martin 2016; Edler and Fagerberg 2017).  


2.1.1.   Innovation Policy Instruments  


Following previous studies of innovation policy instruments (Borrás and Edquist 2013; Martin 2016), I 
adopt a definition of policy instruments as “techniques of governance which, in one way or another, involve 
the utilisation of state resources, or their conscious limitation, in order to achieve policy goals” (Howlett 
and Rayner 2007). This definition is drawn from policy studies, where a comprehensive literature around 
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the concept of policy instruments has developed over recent decades, providing an analytical perspective 
 for the study of policies across all areas and for the practical development of policies (Howlett, Mukherjee, 
 and Woo 2018). Synthesising different schemes proposed in this literature for categorising policy 
 instruments, a prominent taxonomy of instruments distinguishes among “carrots”, “sticks” and “sermons” 


(Vedung 1998). The first of these three mutually exclusive categories refers to the deployment of economic 
 means, the second to regulations, and the third to the dissemination of information. In the context of 
 innovation policy, examples for economic means are both direct and indirect financial support granted to 
 firms and universities, and examples for regulations are intellectual property regulation, competition laws. 


Examples for information-based instruments are support for establishing partnerships between innovation 
 actors, the development of R&D-related skills and campaigns engaging the public with innovation topics.  


While no recent comprehensive literature review on innovation policy instruments exists, Martin (2016) 
 surveyed the literature on R&D policy instruments, an important subset of innovation policy instruments. 


He finds that there is little theoretical development concerning these instruments, as economic theory 
 allows deriving rationales for public intervention (cf. Laranja, Uyarra, and Flanagan 2008), but rarely 
 makes conjectures concerning policy instruments. Moreover, he finds that empirical evidence remains 
 fragmentary since existing studies focus on single types of instruments while seldom considering their full 
 range.  


Considering policy instruments for innovation rather than R&D, at least two amendments can be made 
 to Martin’s (2016)  findings. First, in a comparative study, Izsak et al. (2015)  draw from data on 
 approximately 2,000 policy instruments from the EU-27, Norway and Switzerland; classify instruments 
 into six types3; and identify country clusters according to co-occurrences of instrument types. They then 
 analyse how these clusters relate to innovation system performance as measured by the European 
 Innovation Scoreboard. Although the results of their analysis remain inconclusive, this study is a case in 
 point for analyses considering the full range of innovation policy instruments. Second, recent innovation 
 policy literature has conceptually engaged with the choice of instruments. Borrás and Edquist (2013) argue 


3 Public R&D; industry–science collaboration; knowledge and technology transfer; business–RDI; tax incentives and 
venture capital funds. 
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that innovation policy instruments should be selected and combined based on the identification of 
 innovation problems, and different kinds of instruments can be combined to mitigate these problems. They 
 present a two-way table juxtaposing instrument types and innovation system activities, indicating that the 
 same instrument typically can address several problems. For example, instruments providing “competitive 
 funding for R&D” are suitable to support the “provision of R&D” and “financing for R&D” in the 
 innovation system, and the legal instrument of “competition law” also serves the “provision of R&D” as 
 well as “competence building” and other problems. In a familiar yet different approach, Edler and 
 colleagues (2016) and Edler and Fagerberg (2017) cross-tabulate types of innovation policy instruments 
 and goals on the basis of extensive reviews of the effectiveness of innovation policy instruments. They 
 emphasise policymakers’ instrument choices might be guided by economic rationales, past experience or 
 other factors. Both articles emphasise that they do not cover all instruments, but only the most important 
 types.  


Another strand in the literature focuses on the need for a new kind of policy instrument to address 
 specific “systemic” innovation problems (Smits and Kuhlmann 2004; Wieczorek and Hekkert 2012). The 
 premise of the attention paid to systemic instruments is that the outcomes of innovation processes 
 increasingly depend on involving heterogeneous actors at different stages of the process and interactions 
 with users during the process (Smits and Kuhlmann 2004). Against this background, the choice of systemic 
 instruments should be based on analyses of innovation processes and seek to improve “the presence or 
 capabilities of the actors” involved, “the presence or quality of the institutional set up”, “the presence of 
 quality of the interactions” or the “presence or quality of the infrastructure” (Wieczorek and Hekkert 2012, 
 79). A mutual characteristic of systemic instruments is that they manipulate the relationships between 
 actors and can be described as “sermons”, that is, information-based, or “soft” instruments (Borrás and 
 Edquist 2013). 


Caution has been suggested about overestimating the explanatory power of policy instruments as an 
analytical category. Innovation policy instruments are devised time after time and from innovation theory, 
different rationales for policy intervention can be deducted that are not necessarily aligned with each other 
(Laranja, Uyarra, and Flanagan 2008). As a result, tensions between different instruments at play in a given 
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context at a given point time can be expected (Howlett and del Rio 2015). Policymaking is not an orderly 
 and rational process but shaped by the agendas of social actors involved, so that ideas about innovation are 
 just one set of factors shaping instrument choice (Flanagan, Uyarra, and Laranja 2011). In addition, policy 
 instruments are complex pieces of social technology. Whether and how instruments can structure collective 
 actions as intended depends on how their implementors and users interpret them, and their meaning can 
 change across contexts and over time (Lascoumes and Le Gales 2007). Against these backgrounds, 
 innovation policy instruments, and even more so, combinations thereof, are highly complex objects of 
 study.  


2.1.2.   Innovation Policy Mixes  


Over time, the notion of the policy mix has been adopted in both economics and policy studies fields and 
 many different meanings of the same have emerged (Flanagan, Uyarra, and Laranja 2011; Howlett 2005). 


In innovation policy studies, some sources refer to combinations of policy instruments as policy mixes 
 (Borrás and Edquist 2013; Nauwelaers et al. 2009). In that sense, policy mix studies are a new generation 
 of policy instrument studies, widening the focus from individual to combinations of instruments (Howlett 
 and Rayner 2008). This new perspective on innovation policy instruments is better able to account for 
 interactions between individual instruments, that might reinforce, complement or undermine each other 
 (Cunningham et al. 2013). However, the uptake of the mix notion in innovation policy also coincides with 
 changes in the object of study. The scope of innovation policy has expanded and increasingly pervades 
 other fields of policymaking such as labour, education, and entrepreneurship (Nauwelaers and Wintjes 
 2008). At the same time, the field of innovation policy has both “widened” and “deepened”, as many 
 countries have begun to introduce more and more sophisticated policy instruments to foster innovation 
 (Borrás 2009).  


Against the background of these changes in analytical perspectives and the object of study, recent 
reconceptualisations of the innovation policy mix acknowledge the complexity of innovation policymaking 
more explicitly, moving beyond an understanding of policy mixes as consisting of combinations of 
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instruments (Flanagan, Uyarra, and Laranja 2011; Rogge and Reichardt 2016). Their updated notion of the 
 policy mix is critical of the premise of rational and utilitarian processes of instrument design and selection 
 processes pervading much of the literature on policy instruments and their combinations, and emphasises 
 that innovation policy complexity is not limited to the intricate interactions of potentially large numbers of 
 policy instruments. Rather, the complexity of innovation policy mixes has as its starting point the processes 
 and dynamics among social actors involved in devising innovation policy instruments  (Martin 2016; 


Flanagan and Uyarra 2016).  


A definition of the innovation policy mix that acknowledges their full complexity should include the 
 policy instruments, policy strategies, and policy processes from which they emerge (Rogge and Reichardt 
 2016). Policy instruments have already been defined in the previous section. I define policy strategies 
 following Rogge and Reichhardt (2016) as “a combination of policy objectives and the principal plans for 
 achieving them”. Innovation policy instruments and strategies are complementary: while strategies set 
 goals and specify plans for attaining them, instruments put strategies in force by utilising or limiting state 
 resources. Both instruments and strategies are devised in policy processes that are “political problem-
 solving process[es] among constrained social actors in the search for solutions to societal problems—with 
 the government as primary agent taking conscious, deliberate, authoritative and often interrelated 
 decisions” (Rogge and Reichardt 2016).  


Innovation policy mixes may be delineated in different ways. The evolution of the concept is closely 
 linked to the topic of sustainability transitions, and correspondingly, many studies investigate innovation 
 policy mixes for such transitions in specific regions or countries (Kern, Rogge, and Howlett 2019; Matti, 
 Consoli, and Uyarra 2017; Rogge and Reichardt 2016; Reichardt and Rogge 2014). On the other hand, the 
 articulation of a strong interest in studies comprising the “full range” of instruments (Martin 2016, 164) 
 implies turning to the country level, as many instruments can be expected to be implemented and interact 
 at that level. Along these lines, Izsak and colleagues (2015) have turned to study national innovation policy 
 mixes. In sum, thematic and spatial delineations of innovation policy mixes vary in the literature.   


Factors shaping innovation policy mixes abound. The deployment of strategies and instruments is 
influenced by agendas often unrelated to innovation that actors involved in policy processes pursue, by the 
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ideas about innovation that these actors adopt, and by other factors determining their preferences and ways 
 of doing things (Flanagan, Uyarra, and Laranja 2011). Regarding the factors influencing policy process 
 outputs, the literature points to the promotion and diffusion of ideas about policymaking and processes of 
 policy learning that make actors change their views (Borrás 2015; Malik and Cunningham 2006; Mytelka 
 and Smith 2002; Sharif 2006).  This literature often emphasises the role of the EU and the OECD in creating 
 fora for exchanges  between  policymakers and in collecting, developing, and spreading ideas about 
 innovation (ibid.) Another set of factors shaping policy process outcomes in innovation are dynamics 
 between the policymaking activities at different governance levels. Knowledge of feedback mechanisms 
 and complementary activities at federal and regional levels (Lanahan and Feldman 2015)  and at 
 supranational and national levels (Langfeldt et al. 2012; Magro and Wilson 2013) illuminates patterned 
 variation in innovation policy instruments and strategies. In addition, institutional factors influence the 
 composition of policy mixes. Since changing institutional frameworks is costly, policy choices might be 
 path-dependent (Izsak, Markianidou, and Radošević 2015), and differing national policymaking styles may 
 result in diverging mixes (Borrás and Edquist 2013). 


2.2. Three Perspectives on Variation in Innovation Policy  


Drawing from three interrelated literatures opening up different perspectives on innovation policy, the 
 papers of this dissertation extend the state of knowledge about factors related to innovation policy design 
 at the levels of policy instruments and mixes. The literature on innovation policy for grand challenges is 
 concerned with an emergent framing for innovation policy, shifting the focus from the creation and 
 commercialisation of knowledge to transformative change driven by societal and environmental concerns 
 (Schot and Steinmueller 2018). The literature on innovative entrepreneurship policy is concerned with 
 policies as contextual elements of innovative entrepreneurship that contributes to societal well-being by 
 fostering economic development and searching for solutions to unresolved challenges (Bradley et al. 2021). 


The literature on national innovation capability makes propositions for measuring the performance and 
characteristics of national innovation systems, thereby helping to describe the macro-level frameworks in 
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which national innovation policy mixes are situated (Furman, Porter, and Stern 2002; Fagerberg and 
 Srholec 2008; Castellacci and Natera 2013).  


2.2.1.  Grand Challenges  


In the last decade, the contribution of innovation policy to solving grand challenges has received 
 widespread attention among researchers and policymakers (Foray, Mowery, and Nelson 2012; Mazzucato 
 2016; 2018; Swedish Presidency of the Council of the EU 2009). Grand challenges refer to broad-scale 
 problems affecting contemporary societies such as global warming, water shortages, novel and neglected 
 diseases and ageing societies, and are closely linked to an emergent new framing of innovation policy 
 emphasising its role for transformative change (Schot and Steinmueller 2018).  


The notion of grand challenges, which first emerged during the 1980s in the US in relation to high-
 performance computing, has changed and broadened over time (Hicks 2016). It is related to the older 
 notion of “frontier research” and largely synonymous with the notion of “societal challenges” prominent 
 in EU programs for research funding (Flink and Kaldewey 2018). Often considered a reconceptualisation 
 of mission-oriented research policy, solving grand challenges requires both efforts from basic and applied 
 research, and frames the search for innovative solutions in a way that appeals to the public (Hicks 2016; 


Flink and Kaldewey 2018). A comparative assessment of initiatives for neuroscience research in the EU 
 and the US indicates that there are marked differences between grand challenges initiatives in terms of 
 their degree of centralisation and funding allocation mechanisms that may affect their outcomes (Modic 
 and Feldman 2017). 


Fundamentally, grand challenges and transformational innovation policy can be described as seeking 
to mitigate specific failures, previously neglected by innovation policy, that hinder innovation aimed at 
tackling grand challenges and achieving the UN’s Sustainable Development Goals (Schot and Steinmueller 
2018). Historically, innovation policymakers focused on market failures such as information asymmetries 
that disincentivise private actors to invest in R&D given the uncertainty of their returns, and later also on 
structural system failures such as lack of interactions or networks in innovation systems hindering national 
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