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Abstract 

 

 

Innovation plays a key role in addressing societyôs grand challenges, such as poverty, climate 

change, and pandemics. To be effective, it requires the collaboration of heterogenous actors, 

the orchestration of dynamic innovation systems, and openness towards sharing and 

accessing knowledge and intellectual property (IP) from external sources. The innovation 

ecosystem and open innovation paradigm offer powerful approaches to navigating these 

multi-actor, multi-technology, and systemic innovation contexts, but also confront 

researchers and practitioners with a variety of interrelated concepts and dynamic complexity 

that can overwhelm and compromise their sense-making and decision-making abilities. 

Visual methods have seen increasing popularity in the management sciences for the 

capture and analysis of complexity and dynamic phenomena. However, a systematic review 

of the current state-of-the-art of visual methods for ecosystem research uncovered a gap for 

the visual capture and analysis of dynamics, uncertainties, and risks when managing IP in 

innovation ecosystems. This study addresses this gap by proposing and demonstrating three 

new visual methods and practice-oriented tools, namely the Standardised Visual Ecosystem 

Language (SVEL), its IP-specific modular extension (SVEL+IP), and the SVEL+IP 

Actionable Process. 

This study adopts an empirical and qualitative multiple-case study approach in three 

parts to develop these new visual methods and tools. In part I, 18 semi-structured interviews 

and ecosystem value mapping are conducted at one established manufacturer-independent 

commercial aircraft maintenance, repair, and overhaul service provider to capture and 

analyse three servitization-triggered dynamic processes in this sector. The analysis of 

primary empirical data follows an inductive graphical approach and leads to the emergence 

of the SVEL syntax. Part II applies the design science research methodology to visually 



   vi 

integrate relevant IP management concepts in the previously developed SVEL syntax. The 

resulting SVEL+IP modular extension is iteratively evaluated and developed using the 

Nominal Group Technique by mapping IP dynamics in three entry strategy scenarios 

pursued by industrial firms during the COVID-19 pandemic to scale up manufacturing 

capacities for crisis-critical products. Finally, part III follows the design thinking approach 

to develop the SVEL+IP Actionable Process based on practitioner feedback captured during 

the 2022 programme of the Strategic Technology & Innovation Management Consortium. 

The resulting prototype is tested in a real-world business setting to collect feedback on the 

SVEL+IP Actionable Processô feasibility, usability, and utility. 

The results from this study consist of the SVEL method for capturing and analysing 

static structure, dynamics processes, and co-evolution in innovation ecosystem, the 

SVEL+IP modular extension for integrating relevant IP management concepts in the 

analysis of dynamic process and co-evolution in innovation ecosystems, and the SVEL+IP 

Actionable Process for managing IP risks and opportunities in innovation ecosystems. 

The visual methods and tools developed and demonstrated in this study contribute to 

the advancement of methods, theory, and practice of IP management in innovation 

ecosystems. The SVEL method and the SVEL+IP modular extension narrow the identified 

methods gap for visualising dynamic processes, co-evolution, and IP management concepts 

in multi-actor, multi-technology, and systemic innovation contexts. This study furthermore 

contributes to theory by suggesting IP management as a stimulus for dynamic processes and 

proposing paraground IP as a new IP type relevant to collaborative innovation. Regarding 

IP management practice, the SVEL+IP Actionable Process provides a structured process and 

collaborative tools for the identification, assessment, and treatment of IP risks and 

opportunities in competitive / collaborative relationships in innovation ecosystems. 

Future research needs to demonstrate and test the SVEL method and the SVEL+IP 

modular extension in diverse empirical contexts to refine its syntax and establish its 

generalisability. Furthermore, the SVEL+IP Actionable Process should be adopted more 

widely to develop a practice-oriented framework of IP specific risk and opportunity 

treatment measures. This study ultimately exemplifies the potential of visual methods for IP 

management in innovation ecosystems and for addressing societal grand challenges. 
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Chapter 1  

Introduction 

 

1.1 Research Background 

Society is facing numerous grand challenges, such as extreme poverty, climate change, and 

pandemics, as evidenced by the United Nationsô (2015) agenda for sustainable development 

and declaration of 17 Sustainable Development Goals (Montiel et al., 2021).1 Innovation 

plays a key role in addressing these grand challenges because the successful application of 

novel products, services, and processes (Fagerberg et al., 2010; Granstrand, 1999) enables 

higher levels of economic productivity, more resilient infrastructures that support human 

well-being, and the industrial transition to more sustainable use of resources and 

manufacturing processes (United Nations, 2015). Tackling grand challenges furthermore 

requires the participation and collaboration of diverse and heterogenous actors over 

prolonged periods (Ferraro et al., 2015) and the assembly and orchestration of dynamic and 

evolving innovation systems (Kuhlmann & Rip, 2018). In addition, several studies have 

 
1 Grand challenges are defined as ñspecific critical barrier(s) that, if removed, would help solve an important 

societal problem with a high likelihood of global impact through widespread implementationò (George et al., 

2016, p. 1881). 
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highlighted that innovation performance is positively influenced by openness towards 

sharing and accessing knowledge and intellectual property (IP) from external and 

unexpected sources, particularly from vertical partners (Chesbrough, 2020; Laursen & 

Salter, 2006; Tsai, 2009; Zeng et al., 2010). In essence, solving grand challenges necessitates 

the adoption of multi-actor, multi-technology, and systemic approaches to innovation 

potentially with a high degree of openness and inclusiveness towards new knowledge and 

managing IP. 

One grand challenge is the provision of safe, affordable, and sustainable transport 

systems on a global scale (United Nations, 2015). The air transport sector committed itself 

to address this grand challenge by pledging to achieve net zero carbon emissions by 2050 

(International Civil Aviation Organisation, 2022), despite being one of the hardest modes of 

transportation to decarbonise (Bergero et al., 2023).2 This challenge requires the 

collaboration of key stakeholders (and competitors) from the ecosystem in the aviation 

industry, including airlines, manufacturers of aircraft and engines, airports, air traffic control 

systems, the energy sector, and governments, for the development of new aircraft and 

propulsion technologies, the implementation of more efficient operations, the scaling of 

alternative aviation fuels production, and the formulation of carbon offsetting schemes and 

holistic policy frameworks (Bergero et al., 2023; Gºssling & Humpe, 2023; International 

Air Transport Association, 2021). However, the degree of collaboration and sharing of 

knowledge and IP among stakeholders in the air transport ecosystem for the development of 

advanced technologies and disruptive innovation seems to remain static compared to other 

transport sectors (Arnaldo Vald®s et al., 2019; Ranasinghe et al., 2019; Yun et al., 2018). 

The COVID-19 pandemic represented another grand challenge (Howard Grenville, 

2021) with uncertain long-term social and economic consequences (Brammer et al., 2020; 

Ciravegna & Michailova, 2022). However, the concerted efforts of government agencies, 

universities, research institutes, manufacturing firms, and voluntary grassroot initiatives 

from the ecosystem to develop, manufacture, and distribute crisis-critical innovations, such 

 
2 According to Bergero et al. (2023), aviation still depends on energy-dense liquid fuels for which currently 

no commercially competitive substitutes exist. In addition, it faces the challenge of having to compensate for 

non-CO2 radiative forcing resulting from aircraft-induced cirrus cloud formation (Kärcher, 2018). 
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as vaccines, therapeutics, medical equipment, and tracking systems, helped society to adapt 

to the public health crisis and mitigate its effects (Azoulay & Jones, 2020; Druedahl et al., 

2021). On numerous occasions, various actors from government, academia, industry, and 

volunteers collaborated by sharing their knowledge and IP to scale up manufacturing 

capacities for crisis-critical products (Contreras et al., 2020; Tietze, Vimalnath, et al., 2022).3 

Recent advances in innovation and IP management theory and practice offer powerful 

approaches to navigating the multi-actor, multi-technology, and systemic innovation 

contexts for tackling grand challenges, such as implementing carbon neutral aviation and 

mitigating pandemics. Most notably, the business ecosystem paradigm introduced by Moore 

(1993, 2006) and Iansiti & Levien (2004) provides researchers and practitioners with the 

ability to capture and analyse alignment structures, interdependencies, and 

complementarities among multilateral sets of actors and their activities that contribute to 

collaborative innovation outcomes (Adner, 2017; Jacobides et al., 2018; Kapoor, 2018).4 

Furthermore, it enables the tracing of co-evolution among actors, activities, and artifacts, as 

well as the institutions that surround them (Aarikka-Stenroos & Ritala, 2017; Granstrand & 

Holgersson, 2020). IP management research and practice, on the other hand, has established 

IP rights and governance mechanisms as enablers of markets for knowledge and 

technologies (Chesbrough, 2003b; Granstrand, 2020).5 More specifically, actors can employ 

different kinds of contracts to implement varying degrees of openness in their strategies for 

sharing access and usage rights to their IP (Granstrand, 2020; Vimalnath et al., 2022). 

According to Granstrand (2020) and Vimalnath et al. (2022), the implementation of such 

 
3 The successful development, clinical trials, and manufacturing of BioNTechôs lipid nanoparticle-formulated 

mRNA vaccine technology in 2020 required the resolution of several technological and societal challenges 

(Bansal, 2023; Sahin et al., 2020). Especially, the collaboration and knowledge exchange between Dr. Katalin 

Karikó, who received the 2023 Nobel Prize in Physiology and Medicine, Ugur Sahin, and Özlem Türeci at 

BioNTech in Mainz, Germany, led to the breakthrough innovation of modified mRNA nucleic acids for 

improved vaccines (Okuyama, 2022). 
4 Adner & Kapoor (2010) applied the ecosystem paradigm to the semiconductor lithography equipment 

industry and uncovered that the performance of a single actorôs innovation outcome depends on external 

innovation challenges faced by other actors in upstream components and downstream complements. 
5 Chesbrough (2003b) and Rivette & Kline (2000) noted that IP management practice has transitioned from a 

closed paradigm, in which internal research and development outcomes are closely guarded for exclusive 

exploitation through new products, more sales, and higher margins, to an open paradigm, which is 

characterised by value creation and capture activities both internal and external to firm boundaries. This 

includes the exploitation of patent portfolios for revenue-generation through licensing (Teece, 1986, 2006). 
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open IP strategies could entail non-disclosure agreements, joint ventures, and exclusive 

(cross) licenses towards the closed end and patent pools, IP pledges, and open access 

publication towards the open end of the spectrum. In essence, the ecosystem approach and 

governance mechanisms for implementing open IP strategies provide researchers and 

practitioners with potent conceptual frameworks for tackling multi-actor, multi-technology, 

and systemic innovation contexts. 

The ecosystem approach and open IP strategies, however, confront researchers and 

practitioners with a multitude of interlinked concepts. From an ecosystem perspective, these 

include basic elements, namely actors, activities, artifacts, and their relative positions, as 

well as both competitive and collaborative relationships among them (Adner, 2017; 

Granstrand & Holgersson, 2020). In addition, modularity and non-generic 

complementarities among actors, activities, and artifacts play important roles in the 

collaborative value creation processes in ecosystems (Holgersson et al., 2022; Jacobides et 

al., 2018). Besides, they are inherently subject to dynamics and co-evolution because of 

continuous adaptation to both internal and external longitudinal changes (Aarikka-Stenroos 

& Ritala, 2017; Phillips & Ritala, 2019). From an IP management perspective, open IP 

strategies necessitate the distinction among formal and informal IP (Hall et al., 2014; Zobel 

et al., 2017), as well as the consideration of various IP types relevant for collaborative 

innovation, such as background, foreground, and sideground IP (European Commission & 

Directorate-General for Research and Innovation, 2001; Granstrand & Holgersson, 2014). 

In addition, researchers and practitioners are confronted with the IP assembly and 

disassembly problems, which require implementing various types of contracts for sharing 

IP access and usage rights, such as non-disclosure agreements, (cross) licenses, IP pledges, 

and open access publication (Vimalnath et al., 2020, 2022), as well as negotiating different 

contingency clauses within those contracts to manage uncertainties and mitigate risks related 

to sharing IP in collaborative innovation processes (Granstrand & Holgersson, 2013; 

Munsch, 2009).6 Ultimately, bringing together the ecosystem approach with open IP 

 
6 IP related risks include, for instance, IP blocking, which is the threat of offensive patenting by another actor 

for the purpose of blocking continued use of patented technology (Blind et al., 2006), IP leakage, namely the 

threat of uncontrolled or unintentional transfer of knowledge and IP (Veer et al., 2016), and IP litigation, which 
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strategies exposes researchers and practitioners to a variety of interrelated concepts and 

dynamic complexity that can quickly become overwhelming and, thus, compromise their 

sense-making as well as decision-making abilities. 

Management research and practice have increasingly turned to visual methods for the 

capture and analysis of complex and dynamic phenomena (Bell & Davison, 2013).7 This 

rise in popularity of visual methods is primarily due to their ability to efficiently reduce 

complex and longitudinal data sets into a medium that is suitable for the bandwidth of human 

visual perception (Johnson et al., 2006; van Wijk, 2005), as well as their ability to merge 

with traditional verbal methods to uncover insights that were previously inaccessible 

(Boxenbaum et al., 2018; Meyer et al., 2013). Furthermore, visualisation tools aid 

practitioners in their decision-making processes by facilitating the exploration of patterns 

and outliers in large amounts of data, enabling the interactive change of variables and the 

analysis of their effects on complex systems, and emphasising context by showing 

relationships between information more explicitly (Lurie & Mason, 2007; Phaal et al., 

2006).8 After reviewing the existing state-of-the-art of visual methods and tools for 

ecosystems research, this study, however, identified a gap in the visualisation of dynamic 

ecosystem processes and IP management concepts. More specifically, none of the 

systematically identified and critically reviewed visual methods for ecosystem research 

combines the abilities to visually capture and analyse static structure, sources of dynamics, 

and co-evolution in innovation ecosystems, as well as the visual analysis of longitudinal and 

time dependent data. Furthermore, the visual integration of relevant IP management 

concepts, such as various IP types relevant for collaborative innovation, contracts for sharing 

IP access and usage rights, and processes for identifying IP uncertainties and risks when 

innovating collaboratively, appears to be largely missing. Ultimately, researchers and 

 
could entail invalidation of a patent and high litigation costs exceeding potential remedies payable by the 

alleged infringer (Poltorak & Lerner, 2011). 
7 An early example of the use of visual methods in the management sciences is Langley & Truaxôs (1994) 

application of process flow-charts to visually display longitudinal data on activities, events, and interactions 

for the analysis and theorisation of new technology adoption by small manufacturing firms.  
8 According to Phaal et al. (2006), visualisation tools that have seen wide application in technology and 

innovation management practice include matrices, grids, graphs, scored profiles, and roadmaps, as well as their 

combinations. 
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practitioners experience a gap in their methods toolbox for the visual mapping of dynamics, 

uncertainties, and risks when managing IP in innovation ecosystems. 

 

 

1.2 Objective and Research Questions 

This research addresses the identified gap in the methods toolbox of researchers and 

practitioners by developing and demonstrating visual methods, processes, and tools for 

capturing and analysing dynamics, uncertainties, and risks when managing IP in innovation 

ecosystems.9 Meeting this primary objective comprises three sequential goals. First, the 

identified gap in the existing visual methods for ecosystem research is addressed, namely 

the visual capture of static structure, dynamic processes, and co-evolution in innovation 

ecosystems. To address this gap in visual methods for ecosystem research, the first research 

question (RQ1) reads as follows: 

 

RQ1. How can static structure, dynamic processes, and co-evolution in 

innovation ecosystems be visually captured and analysed? 

 

Second, building on the results from addressing research question RQ1, this study 

subsequently focuses on integrating the visual capture and analysis of relevant IP 

management concepts in the visualisation of dynamic processes and co-evolution in 

innovation ecosystems. To address the gap for an IP management capability in existing 

visual methods, the respective second research question (RQ2) is: 

 

 
9 In this study, visual methods, processes, and tools are considered practical devices that link conceptual 

frameworks existing in the minds of researchers and practitioners with the real world (Phaal et al., 2001). 

Processes are defined as ñapproach[es] for achieving a managerial objective, through the transformation of 

inputs into outputsò (Phaal et al., 2001, p. 3), and tools are described as facilitating the operationalisation and 

practical application of processes in a structured way. 
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RQ2. How can the visual capture and analysis of relevant IP management 

concepts be integrated in the visualisation of dynamic processes and co-

evolution in innovation ecosystems? 

 

Third, this study applies the results from addressing research questions RQ1 and RQ2 

in the development and testing of a research- and practice-oriented process for identifying, 

assessing, and treating IP risks and opportunities when innovating collaboratively in 

innovation ecosystems. To address this gap in the methods toolbox of researchers and 

practitioners, the third and final research question (RQ3) reads as follows: 

  

RQ3. How can potential IP risks and opportunities be identified and treated by 

visually capturing and analysing dynamic processes, co-evolution, and IP 

management concepts in innovation ecosystems? 

 

 

1.3 Research Approach 

This study adopts an empirical, qualitative research design to develop the visual methods, 

processes, and tools for capturing and analysing dynamics, uncertainties, and risks when 

managing IP in innovation ecosystems. At the top level, the research design follows a 

multiple-case study structure in a replication logic (Eisenhardt & Graebner, 2007; Yin, 2014) 

and is divided into three sequential parts in line with the three research questions. Each of 

these three parts applies an abductive logic (Capaldi & Proctor, 2008) by first developing 

the new methods, processes, and tools to address the respective research question and 

subsequently demonstrating or testing them iteratively in theoretically sampled empirical 

settings to evaluate and improve the degree to which they meet the respective objectives. 

The first part of this study addresses the objective to develop a visual method for 

capturing and analysing static structure, dynamic processes, and co-evolution in innovation 

ecosystems. For that purpose, a single common case study (Yin, 2014) is conducted in the 

commercial aircraft maintenance, repair, and overhaul (MRO) sector, which is essential to 
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the safety and reliability of the air transport system (Michaels, 2018; Rodrigues Vieira & 

Lavorato Loures, 2016) and exhibits dynamic processes and co-evolution in industrial 

organisation triggered by the servitization of manufacturing (Burton et al., 2016; Lightfoot 

et al., 2013). Primary empirical data consists of Urmetzer, Gill, et al.ôs (2018) ecosystem 

value maps collected in 18 semi-structured interviews at one established and large, 

manufacturer-independent commercial aircraft MRO services firm, which are subsequently 

analysed using a visual adaptation of Gioia et al.ôs (2012) inductive approach to discovery 

of novel concepts and new theory generation. From this analysis, the Standardised Visual 

Ecosystem Language (SVEL) emerges as a new visual method for the capture and analysis 

of static structure, dynamic processes, and co-evolution in innovation ecosystems, and 

aggregate innovation ecosystem maps are created to capture three servitization-triggered 

dynamic processes in the commercial aircraft MRO sector. 

In the second part this study, Peffers et al.ôs (2007) design science research 

methodology is applied to integrate relevant IP management concepts in the visual capture 

and analysis of dynamic processes and co-evolution in innovation ecosystems. The 

extension of the SVEL method previously introduced in part I of this study is iteratively 

designed, demonstrated, and evaluated by a multidisciplinary panel of six subject matter 

experts using the nominal group technique according to McMillan et al. (2016). The 

empirical case study context for the design, demonstration, and evaluation comprises three 

entry strategy scenarios during the COVID-19 pandemic described by Tietze, Vimalnath, et 

al. (2022), in which industrial new entrants from other sectors join incumbent firms to scale 

manufacturing capacities for crisis-critical products, such as drugs, ventilators, and personal 

protective equipment, at the start of the pandemic. From this iterative design, demonstration, 

and evaluation, the new SVEL+IP modular extension emerges with a complementary set of 

symbols that enables researchers and practitioners to visually capture and analyse various 

types of IP, IP ownership and usage, and IP dynamics in innovation ecosystems. 

The third part of this study adopts the Design Thinking approach (Brown, 2008; 

Plattner et al., 2012) for the development of a research- and practice-oriented process for the 

identification, assessment, and treatment of IP risks and opportunities in innovation 

ecosystems. In the design process, the previously developed SVEL method and SVEL+IP 
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modular extension from parts I and II of this study are incorporated, along with input 

collected from practitioners during the Strategic Technology & Innovation Management 

Consortium programme 2022 organised by the Institute for Manufacturing (IfM, 2021). The 

resulting SVEL+IP Actionable Process provides researchers and practitioners with a 

structured process and a set of collaborative tools for the identification and treatment of IP 

risks and opportunities in innovation ecosystems. This SVEL+IP Actionable Process 

prototype is subsequently tested in a real-world collaboration between a fluid control 

systems manufacturer and its customer from the biopharmaceutical sector. Future areas of 

development for the SVEL+IP Actionable Process prototype are identified by collecting 

feasibility, usability, and utility feedback from test case participants according to Platts et al. 

(1998). 

Reliability and validity of the results from this study are ensured by complying with 

established criteria and best practices throughout the research process (Bryman & Bell, 

2015). More specifically, biases in the data collection methods are mitigated by using 

multiple data sources. Furthermore, procedures and progress in the development of the 

visual methods, processes, and tools are documented by recording design iterations and 

logging development steps. The validity of the research results is assured by triangulating 

research findings with secondary data sources, seeking informant validation during the data 

collection and analysis process, and capturing usability feedback from case participants. 

 

 

1.4 Contributions 

This research contributes to the methods, theory, and practice of IP management in 

innovation ecosystems by narrowing the identified gaps in researchersô and practitionersô 

toolbox for the visual mapping of dynamics, uncertainties, and risks. The methodological 

contributions include the design, development, and demonstration of the SVEL method in 

part I and the SVEL+IP modular extension in part II. More specifically, this research 

suggests the SVEL method as a new syntax that enables the visual capture of static structure, 

dynamic processes, and co-evolution in innovation ecosystems, as well as the visual analysis 
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of longitudinal and time dependent data. Furthermore, this study proposes the SVEL+IP 

modular extension as a means for integrating IP management concepts in the visual capture 

and analysis of dynamic processes and co-evolution in innovation ecosystems. By 

facilitating researchers and practitioners in understanding dynamic processes and 

developing an IP management capability for innovation ecosystems, the SVEL method and 

SVEL+IP modular extension narrow the identified gaps in the visual methods for multi-

actor, multi-technology, and systemic contexts. 

Two theoretical contributions emerge from the demonstration of the SVEL method 

and SVEL+IP modular extension in the distinct empirical contexts in parts I and II of this 

study. First, the results suggest a conceptual link between actors varying the degree of 

openness towards managing IP and dealing with the tension between competing for 

individual leadership and collective competitive advantage in innovation ecosystems. In 

other words, this research suggests that actors can purposefully vary the degree of openness 

of their IP management activities to trigger and influence dynamic processes and co-

evolution in innovation ecosystems for specific strategic outcomes. Second, the results 

propose paraground IP as a new IP management concept that is relevant to collaborative and 

open innovation processes. More specifically, paraground IP is suggested to describe formal 

and informal IP assets that are independently conceived by an actor while innovating 

cumulatively based on third-party IP, but in the absence of any collaboration agreements and 

respective contracts that would otherwise ensure authorised access and freedom-to-operate. 

The practical contribution comprises the SVEL+IP Actionable Process in part III of 

this study based on the previously introduced SVEL method and SVEL+IP modular 

extension. More specifically, this study suggests that the SVEL+IP Actionable Process offers 

researchers and practitioners a structured process and collaborative tools to operationalise 

and customise established generic standards, namely the ISO 31000 risk management 

process (ISO, 2009; Purdy, 2010) and the DIN 77006 IP risk management standard (DIN, 

2020a; Wurzer et al., 2022), for the assessment and treatment of IP risks and opportunities 

in innovation ecosystems. 
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1.5 Thesis Structure 

The description of this research is structured into six chapters, as illustrated in Fig. 1.1. The 

introduction (Chapter 1) covers the relevance and background of this study (section 1.1), 

states the objective and research questions (section 1.2), outlines the research approach 

(section 1.3), and lists the contributions to methods, theory, and practice of IP management 

in innovation ecosystems (section 1.4). 

 

 

Fig. 1.1  Overview of thesis structure10 

 
10 Authorôs illustration 
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Chapter 2 provides a semi-systematic review of the three relevant bodies of literature 

in this study. These include innovation ecosystems (section 2.1), IP management in 

innovation ecosystems (section 2.2), and visual methods in the management sciences 

(section 2.3). The latter furthermore contains a systematic search and critical evaluation of 

the state-of-the-art of visual methods for ecosystem research (subsections 2.3.2 and 2.3.3). 

This chapter ends with a summary of the research gap and the derivation of the three 

sequential research questions (section 2.4). 

Chapter 3 subsequently provides an overview of the research methodology pursued in 

this study. This comprises a review of philosophical considerations, such as the ontological 

perspective and epistemological positioning (section 3.1), and a description of the chosen 

research design, research methods, and empirical contexts for each of the three consecutive 

parts of this study (section 3.2). This chapter closes with a summary of the measures 

undertaken to ensure research quality (section 3.3). 

Chapter 4 presents the research results from parts I, II, and III of this study. This 

includes detailed descriptions of the SVEL method (section 4.1), the SVEL+IP modular 

extension (section 4.2), and the SVEL+IP Actionable Process (section 4.3). The presentation 

of the results is accompanied by illustrative examples from the demonstration and testing of 

the methods, processes, and tools in the distinct empirical settings. 

Chapter 5 thereafter explains how the results from parts I, II, and III address respective 

research questions RQ1, RQ2, and RQ3 and narrow the identified gap in the visual methods 

for IP management in innovation ecosystems that was previously identified in Chapter 2 

(section 5.1). In addition, this chapter reflects on the implications of the research results for 

theory of IP management in innovation ecosystems (section 5.2), visual methods for 

ecosystem research (section 5.3), and IP management practice (section 5.4). 

Chapter 6 concludes this thesis by summarising the research findings from each part 

of this study (section 6.1). Furthermore, it deduces the contributions to methods, theory, and 

practice of IP management in innovation ecosystems (section 6.2). This chapter then 

identifies limitations of the research results and recommends areas for future research 

(section 6.3) before ending with concluding remarks (section 6.4). 

 



 

 

 

 

Chapter 2  

Literature Review 

 

This chapter contains an overview of the literature, theories and concepts that are relevant 

to this studyôs objective, namely, to develop visual methods, processes, and tools for 

capturing and analysing dynamics, uncertainties, and risks when managing IP in innovation 

ecosystems. Thus, this review focuses on the intersection of the following bodies of 

literature as also illustrated in Fig. 2.1 below: innovation ecosystems (section 2.1), IP 

management in innovation ecosystems (section 2.2), and visual methods in the management 

sciences (section 2.3). Furthermore, a semi-systematic review of these bodies of literature is 

conducted to trace the origins and recent developments of the relevant theoretical topics, as 

well as to generate a holistic overview of themes and the state-of-the-art in the relevant 

research areas (Bryman & Bell, 2015). The semi-systematic literature review is particularly 

suitable for theoretical concepts that have been studied by ñvarious groups of researchers 

within diverse disciplinesò (Snyder, 2019, p. 335) and aligns well with the interpretive 

epistemology, abductive relationship between theory and research, and qualitative research 
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strategy (Bryman & Bell, 2015) adopted in this study (section 3.1).11 Finally, this chapter 

closes with a summary of the findings from the literature review, an identification of the 

research gaps, and a derivation of the research questions for this study (section 2.4). 

 

 

 

Fig. 2.1  Overview of relevant bodies of literature12 

 

 

2.1 Innovation Ecosystems 

The term ñecosystemò has enjoyed increasing popularity among practitioners in the 

corporate and industrial world since the early 2000s (Kapoor, 2018). Academics in strategy, 

organisation, and innovation management research, however, only recently took more 

serious note of the constructôs potential for explaining competition, collaboration, and 

organisational challenges experienced by firms (Altman et al., 2022; Jacobides et al., 

 
11 This contrasts with the systematic literature review which represents a reproducible and transparent process 

for appraising all empirical evidence that was previously collected in different studies related to a specific 

research question or hypothesis (Snyder, 2019). Systematic literature reviews typically lead to the synthesis of 

narrow falsifiable hypotheses from received literature and are, thus, linked to a positivist epistemology and an 

inductive relationship between theory and knowledge (Bryman & Bell, 2015). 
12 Authorôs illustration 
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2018).13 This order of precedence is evidenced by the delayed rise in ecosystem related 

publications in leading management and strategy academic journals as compared to business 

and economics news journals (Fig. 2.2). Within the academic context, the popularity of the 

ecosystem construct is rooted in its potential to capture and delineate multilateral sets of 

diverse actors that simultaneously engage in competitive and collaborative relationships to 

formulate and deliver a focal value proposition as a dynamically evolving system (Adner, 

2017; Granstrand & Holgersson, 2020). To further substantiate the reasons for choosing the 

ecosystem construct as one of three main conceptual pillars in this study, this section first 

summarises its origins and developments in the management sciences (subsection 2.1.1) and 

reviews current definitions of the innovation ecosystem (subsection 2.1.2). Subsequently, 

Adnerôs (2017) structuralist approach to innovation ecosystems is discussed (subsection 

2.1.3) and the roles of two key enabling concepts are reviewed, namely, modularisation and 

complementary assets (subsection 2.1.4). This section closes with an overview of dynamics 

and co-evolution in innovation ecosystems as key conceptual reference points (subsection 

2.1.5). 

 

 
13 In a recent virtual symposium held by the Strategic Management Division of the Academy of Management, 

leading strategy scholar Marvin Lieberman introduced ecosystem research as ñthe new big thing in strategy, 

the new frontierò and suggested that ecosystem specific teaching material that reflects recent advances in this 

research field ought to be developed and added to the core of strategy modules at business schools (STR 

Strategic Management Division, 2022). 
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Fig. 2.2  No. of ecosystem related publications per year in business/economy related news 

reports and leading management and strategy journals14 

 

 

2.1.1 Origins of the Ecosystem Concept in the Management Sciences 

Management scholars have increasingly adopted the ecosystem concept from the ecology 

domain to reason by analogy about strategising complex interactions and interdependencies 

for sustained competitive advantage in business communities.15 Most notably, Moore first 

introduced the ecosystem concept to the management and strategy community in 1993 by 

 
14 Authorôs illustration based on searches for the term "ecosystem" using Factiva (news) and Scopus (academic 

journals) 
15 The ecosystem concept was first introduced in the ecology domain by Arthur Tansley (1935), who described 

it as ñ[é] basic units of nature on the face of the earthò (Tansley, 1935, p. 299). He furthermore defined them 

as whole physical systems in which organisms constantly interchange with the physical inorganic factors in 

their habitat. According to Jax (1998), the emergence of the ecosystem concept resulted from a philosophical 

debate among ecologists about the nature of the relationship between communities of organisms and the non-

living or abiotic factors around them. 
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identifying similarities between interacting communities of species in ecology and co-

evolving communities of firms from a variety of industries in the business world (Kapoor, 

2018).16 In his seminal article, Moore (1993) suggested that firms no longer compete directly 

on an individual level within an industry, but rather at an ecosystem level by co-evolving 

capabilities with other member firms around new innovations through cooperative and 

competitive interactions.17 Subsequently, Iansiti & Levien (2004) transferred the concept of 

dependencies among loosely interconnected species in biological ecosystems to business 

communities to explain the above average performance and dominance of leading 

companies in different sectors, such as Microsoft, Wal-Mart, and Ebay, and argued that 

competitive advantage will increasingly be challenged at the ecosystem level rather than by 

individual companies. These early works on business ecosystems suggested that economic 

success and overall company health rely on ecosystem member companiesô ability to 

collectively manage the process of distributed creativity, the equitable sharing of value 

among all members of the business community, and the emergence of a leader or keystone 

organisation, which formulates a shared vision, attracts other members for the 

implementation of a customer value proposition, and regulates ecosystem health (Iansiti & 

Levien, 2004; Moore, 1993, 2006). Ultimately, these business ecosystem pioneers 

concluded that applying the ecological analogy to the business world is a ñdifficult necessityò 

(Moore, 1993, p. 85) for managers and business leaders because it enables a network 

perspective and provides transparency of competitive challenges and opportunities that 

would otherwise be invisible and ignored when relying on traditional theories (Iansiti & 

Levien, 2004; Moore, 2006). 

 
16 Moore (2006) later suggested that the ecosystem in the business context represents a third form of economic 

organisation complementing the two existing primary forms of markets and hierarchy that were introduced by 

Coase in his 1937 article on ñThe Nature of the Firmò. This view was recently seconded by Altman et al. 

(2022) in their introduction of the managed ecosystem as a governance structure that sits between markets and 

organisational hierarchy. 
17 For this study, innovation is understood to capture the iterative process of initially developing a new 

technology-based invention and subsequently improving it while driving market diffusion and adoption by 

end-users (Garcia & Calantone, 2002). This innovation process typically involves various activities, such as 

applied research, product development, manufacturing, marketing, distribution, and aftermarket services, and 

relies on technical disciplines including industrial arts, engineering, as well as the applied and pure sciences.  



  Literature Review 18 

Following its introduction to the management sciences, the ecosystem concept has 

enjoyed broad adoption by management, strategy, and innovation scholars, as indicated in 

Fig. 2.2. This led to a proliferation and divergence of ecosystem-specific concepts and 

definitions, thus causing increasing ambiguity in the use of the ecosystem concept in 

academia (Suominen et al., 2019). Recently, several calls emerged for more conceptual and 

empirical rigour in ecosystem related business research, particularly with respect to 

differentiating it from existing and more established concepts, such as value networks and 

innovation systems, clarifying the similarities and differences compared to its natural role 

model, and determining the level and unit of analysis in empirical studies of ecosystems (Oh 

et al., 2016; Ritala & Almpanopoulou, 2017).18 To address these calls, some systematic and 

bibliometric literature reviews were recently published, which introduce typologies and 

invariants for the term óecosystemô (Scaringella & Radziwon, 2018), propose an integrated 

model of existing ecosystem research (Tsujimoto et al., 2018), suggest a conceptual 

framework for the ecosystem research field (Suominen et al., 2019), and develop a 

taxonomy classifying the various ecosystem types (Yovin, 2019). Fig. 2.3 synthesises the 

results from these reviews and illustrates the relationships among key ecosystem concepts 

in the management sciences, namely (i) business ecosystems,19 (ii) innovation ecosystems, 

 

  

 
18 Oh et al. (2016) argued that the analogy between ecosystems in the natural and the business world is flawed. 

More specifically, innovation ecosystems are designed and engineered contrary to their natural counterparts, 

and Mooreôs (1993) seminal article lacks academically rigorous correspondence rules (Oh et al., 2016). In 

response, Adner (2017) concluded that the innovation ecosystem approach offers a new perspective on 

business strategy by focussing on the multilateral interdependence of business actors and alignment of their 

value creating activities, which were previously neglected by alliances, business models, supply chains, and 

value networks. 
19 The business ecosystem is defined as the ñ[é] the set of actors that contribute to the focal offerôs user value 

propositionò (Kapoor, 2018, p. 2), whereas the focal offer is either a service or a product and the contributions 

are typically characterised either as interdependencies dictated by the system-level architecture of the focal 

offer or as complementarities enhancing the focal offerôs value proposition to the end user (Kapoor, 2018). 

The business ecosystem acts as an umbrella construct (Yovin, 2019) or intellectual breeding ground 

(Scaringella & Radziwon, 2018) for the subsequently emerging innovation, knowledge, and entrepreneurial 

ecosystem literature streams. 
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(iii) knowledge ecosystems,20 and (iv) entrepreneurial ecosystems21 (centre of Fig. 2.3), as 

well as the closely related literature streams on platforms22 (left side of Fig. 2.3) and 

industrial ecology23 (right side of Fig. 2.3). 

From the set of ecosystem concepts contextualised in Fig. 2.3, the innovation 

ecosystem (subsection 2.1.2) was chosen as a conceptual pillar for this study because it 

offers a multi-actor, multi-technology, and dynamic perspective on value creation and 

capture processes. This is indicated by its theoretical foundations in open innovation and 

strategic management, as well as its conceptual focus on interdependent actors, the 

important role of keystone actors (or focal firms), and co-evolutionary processes (de 

Vasconcelos Gomes et al., 2018; Suominen et al., 2019). Furthermore, the innovation 

ecosystem concept combines the generic ecosystem focus on value capture through 

multilateral interaction among business actors (Iansiti & Levien, 2004) with the 

consideration of dynamic and collaborative value creation processes based on 

interdependent and complementary innovations (Adner, 2006; Adner & Kapoor, 2010).24 In 

addition, the innovation ecosystem approach is parsimonious in the sense that it limits its 

scope strictly to those actors that are directly involved in the process of value creation and 

capture (Adner, 2017), while also including customers or end-users of the focal value 

 
20 The knowledge(-based) ecosystem concept describes a heterogenous community of actors that gather around 

a central entity in confined geographic hotspots and interact effectively and efficiently through knowledge and 

personnel exchanges to create value (Van der Borgh et al., 2012). The knowledge ecosystem typically 

comprises publicly funded research organisations or universities as keystone actors that drive value creation 

through tacit knowledge flow from upstream to downstream players (Clarysse et al., 2014). 
21 The entrepreneurial ecosystem (or multi-actor network) concept incorporates supporting institutions, such 

as training facilities, investors, and favourable government interventions, in addition to firms that are directly 

involved in value creation processes (Isenberg, 2010). Furthermore, it emphasises the role of intangible 

elements, namely social, political, economic, and cultural factors, for the emergence and success of nascent 

entrepreneurial networks and early high-risk ventures in entrepreneurial ecosystems (Spigel, 2017). 
22 The platform concept describes hubs or central points of control, such as products, services, or technologies, 

that provide larger business communities a foundation for creating complementary innovations and generating 

network effects (Gawer & Cusumano, 2014; Thomas et al., 2014). 
23 The industrial ecology concept has a differentiating focus on transforming linear flows of matter and energy 

to more sustainable and cyclical flows reducing environmental burden, consumption of natural resources and 

generation of waste and emissions (Korhonen et al., 2004). 
24 This integrative property is largely missing in the knowledge and entrepreneurial ecosystem concepts due 

to their primary focus on value creation through knowledge generation and network emergence, respectively, 

(Clarysse et al., 2014; Spigel, 2017) as well as in industrial ecology literature, which concentrates on 

transforming material processes and energy flows for sustainability and waste reduction (Korhonen et al., 

2004). 
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proposition as active members of the value creation and capture processes (Scaringella & 

Radziwon, 2018).25 These characteristics suggest that the innovation ecosystem represents 

an appropriate conceptual foundation for the objective of this study to develop visual 

methods that help researchers and practitioners to understand and navigate multi-actor, 

multi-technology, and systemic innovation. 

 

2.1.2 Current Definitions of the Innovation Ecosystem 

Adner (2006) described the innovation ecosystem rather generally as ñcollaborative 

arrangements through which firms combine their individual offerings into a coherent, 

customer-facing solutionò (Adner, 2006, p. 98). In a more recent effort to add conceptual 

clarity to the innovation ecosystem concept, de Vasconcelos Gomes et al. (2018) reviewed 

turning point articles in the development of the innovation ecosystem literature and 

suggested that it typically consists of an interconnected and interdependent set of members 

of a business community occupying specific roles, such as the focal firm (also referred to as 

the keystone actor or platform leader), customers, suppliers, and complementors. These 

members face a complex and simultaneous interplay between cooperation, namely the joint 

pursuit of mutual interests, and competition challenges, i.e. firms following individual 

interests at the expense of others (Hannah & Eisenhardt, 2018).26 Furthermore, de 

Vasconcelos Gomes et al. (2018) found that its members may be required to co-evolve 

around a focal value proposition for the ecosystem as whole to continue to thrive. Finally, 

Ritala et al. (2013) suggested that the success of an innovation ecosystem depends on the 

ability of its members to both create value by pursuing collaborative innovation activities 

and capture value through equitable profit-taking at the individual firm level.27 

 
25 This avoids the unnecessary complexity of considering indirectly engaged actors, such as publicly funded 

research institution, governments, and other support organisations within specific geographic boundaries as is, 

for instance, the case with knowledge and entrepreneurial ecosystems (Isenberg, 2010; Van der Borgh et al., 

2012). 
26 Hannah & Eisenhardt (2018) conducted a longitudinal multiple-case study of the residential solar industry 

in the United States between 2007 and 2014 and deduced a framework of three distinct strategies that 

ecosystem members can pursue for successfully managing cooperation and competition simultaneously, 

namely the bottleneck, component, and system strategies. 
27 From a marketing science perspective, Priem (2007) suggested that value creation is based on a firmôs 

innovation leading to increased consumer valuation of its products and that value capture is the respective 
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More recently, Granstrand & Holgersson (2020) synthesised the following definition 

from received literature on innovation ecosystems, while considering the related concepts 

of system, innovation system, and ecosystem: 

 

ñAn innovation ecosystem is the evolving set of actors, activities, and artifacts, 

and the institutions and relations, including complementary and substitute 

relations, that are important for the innovative performance of an actor or a 

population of actors.ò (Granstrand & Holgersson, 2020, p. 3) 

 

This definition, which is also illustrated in Fig. 2.4, is broadly in line with the features 

captured by previous definitions and conceptualisations of the innovation ecosystem. More 

specifically, ñthe evolving set of actors [and] activitiesò captures the multilateral set of 

interdependent, interconnected, and co-evolving firms, ñcomplementary and substitute 

relationsò indicates the presence of cooperation and competition in their roles and 

interactions, and ñthe innovative performance of an actor or a population of actorsò 

represents value capture at the individual and value creation at the collective level. 

Furthermore, Granstrand & Holgersson (2020) additionally consider artifacts as a basic 

element of the innovation ecosystem that can exhibit both competitive (or substitute) and 

complementary (or collaborative) relationships in their definition.28 The inclusion of 

artifacts, such as products, services, resources, and most notably innovation (Granstrand & 

Holgersson, 2020), as equitable basic elements in the innovation ecosystem definition is of 

key relevance to the goals of this study because it enables the conceptual integration of IP 

assets in the analysis of dynamics, uncertainties, and risks in innovation ecosystems. 

 

 
appropriation and retention of payments made by the consumer to the firm in exchange for the increased value 

created. This implies that value creation preconditions value capture (Priem, 2007). From the organisation 

science perspective, Murray & OôMahony (2007) furthermore describe cumulative innovation as a process, in 

which second generation inventors access and use ideas of first generation inventors to create new innovations. 

They suggest a framework for moderating this process based on three conditions, namely disclosure, access, 

and rewards. 
28 Granstrand & Holgersson (2020) correlate competition among artifacts to the analogous concept of species 

competing for resources and switching to substitute resources in natural ecosystems. 



2.1 Innovation Ecosystems 23 

 

Fig. 2.4  Illustration of the innovation ecosystem definition29  

 

2.1.3 The Structuralist Approach to Innovation Ecosystems 

This study adopts Adnerôs (2017) ecosystem-as-structure perspective on the innovation 

ecosystem construct. It offers a framework of basic ecosystem elements that can be 

effectively operationalised and directly applied to a firmôs ecosystem strategy relative to a 

specific value proposition (Adner, 2017).30 At the top level, the ecosystem-as-structure 

approach is activity-centric, focuses the scope of the analysis on those actors and activities 

that are strictly necessary for the realisation of a focal value proposition, and introduces the 

central concept of alignment structure, which defines actorsô positions and the purpose of 

their activities relative to the focal value proposition (Adner, 2017).31 Furthermore, this 

structuralist perspective reiterates the significance of the role of the ecosystem leader or 

keystone actor, which needs to resolve coordination and cooperation challenges among 

follower actors and align their activities towards a strategic vision of the focal value 

proposition (Adner, 2017; Foss et al., 2022).32 Table 2.1 below summarises the five basic 

 
29 Based on Granstrand & Holgersson (2020); licensed under CC BY-NC-ND 4.0 
30 Adner (2017) suggests that received perspectives on the ecosystem construct have primarily centred on 

interdependencies among actors and the dismantling of traditional sectoral boundaries, which he calls the 

ñecosystem-as-affiliationò perspective. In his view, this approach leads to aggregating increasing numbers of 

actors linked to a focal actor or platform and merely offers a basis for the formulation of general ecosystem 

governance implications (Adner, 2017). 
31 According to Jacobides et al. (2018) the concept of alignment structure represents an important contribution 

to consolidate research progress in the ecosystem research stream. 
32 Foss et al. (2022) propose that ecosystem leaders are characterised by their ñeffort and investment to 

influence, control and constrain other (potential) ecosystem participants with the purpose of establishing and 
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elements of innovation ecosystems as a synthesis of Adnerôs (2017) structuralist approach 

and Granstrand & Holgerssonôs (2020) previously introduced definition of the innovation 

ecosystem. These include activities which describe discrete actions relevant for the focal 

value proposition including value creation and capture, artifacts that result from activities 

and comprise transferrable and exchangeable products, services, resources, innovations, or 

technologies, and actors which are entities undertaking activities for the production of 

artifacts.33 Furthermore, positions specify actorsô locations in the flow of activities, which 

include the focal firm, customers, suppliers, as well as complementors, and links represent 

transfers and exchanges of artifacts between positions in the innovation ecosystem. 

 

Table 2.1  Basic elements in the ecosystem-as-structure approach34 

Element of 

ecosystem-as-structure 

Description Examples of operationalised 

concepts 

Activities Discrete actions that lead to the creation 

of a value proposition 

Value creation 

  Value capture 

Artifacts Outcome of activities that are 

transferrable and exchangeable 

Products 

Services 

    Resources 

    Innovations 

Technologies 

Actors Entities that undertake activities and 

produce artifacts 

Firms 

  Institutions 

Positions Specified locations in the flow of 

activities 

Focal firm 

  Customer 

    Supplier 

    Complementor 

Links Transfers across positions Supply relationship 

    Customer relationship 

Formal and informal contracts 

 

 
maintaining a robust ecosystemò (Foss et al., 2022, p. 2). Furthermore, Adner (2017) implies that ecosystem 

leadership is contestable, relies on willing followership, and may not necessarily coincide with the position of 

the focal firm. 
33 Artifacts are omitted as a basic element in Adnerôs (2017) ecosystem-as-structure approach. However, it is 

additionally considered for the purpose of this study in line with Granstrand & Holgerssonôs (2020) definition 

of the innovation ecosystem (subsection 2.1.2). 
34 Authorôs table; synthesised from Adner (2017) and Granstrand & Holgersson (2020) 
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The conceptual interplay of these five basic elements and Adnerôs (2017) concept of 

the alignment structure is illustrated by Adner & Kapoorôs (2010) generic ecosystem scheme 

in Fig. 2.5. Here, the actor in the position of the focal firm (centre of Fig. 2.5) coordinates 

activities of actors in the positions of supplier 1 and supplier 2 (left side of Fig. 2.5) and 

sources respective artifacts, such as products, services, or innovations, as inputs via existing 

links, such as formal supply relationships or contracts. Subsequently, the focal firm 

integrates these inputs into the focal value proposition, which is offered as an artifact to an 

actor in the downstream position of the customer via the respective established link (right 

side of Fig. 2.5). Finally, the customer further integrates the focal value proposition with 

inputs sourced via existing links from actors in the positions of complementor 1 and 

complementor 2 (top and bottom of Fig. 2.5). This generic scheme illustrates how the 

position of an actor in the innovation ecosystem is essentially determined by the location of 

its activities and the integration of its artifacts relative to the focal firm and focal value 

proposition (Adner & Kapoor, 2010). 

 

 

Fig. 2.5  Generic ecosystem scheme35 

 
35 Based on Adner & Kapoor (2010); adapted by author by adding symbols for activities and artifacts; copyright 

Ò 2009 John Wiley & Sons, Ltd. 
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2.1.4 The Role of Modularity and Complementary Assets 

Modularity and complementary assets are recurring concepts in the ecosystem literature 

(Granstrand & Holgersson, 2020; Iansiti & Levien, 2004; Jacobides et al., 2018; Moore, 

2006; Teece, 2018) and play important roles in the structuralist approach to innovation 

ecosystems (Adner, 2017; Adner & Kapoor, 2010). Modularity is conceptually rooted in 

design and systems theory and describes the degree to which a complex design or system 

can be purposefully divided into more manageable distinct parts or modules (Baldwin & 

Clark, 2006; Schilling, 2000). Modularisation typically follows a formal architecture, 

whereas module boundaries and interfaces are specified using design rules to ensure 

compatibility (Baldwin & Clark, 2006). The diffusion and adoption of such design rules 

enables firms to coordinate interdependent modules at low transaction costs and without the 

need for hierarchical control (Baldwin, 2007), to improve their respective modules 

independently and autonomously over time (Baldwin & Clark, 2006), and to recombine their 

respective modules in new configurations for the joint formulation of value creation 

(Holgersson et al., 2022; Schilling, 2000). In essence, modularity is a prerequisite for the 

emergence of innovation ecosystems because it enables focal firms to coordinate suppliers 

and combine their components into focal value propositions. It furthermore allows 

customers and end-users to subsequently recombine focal value propositions with 

complements for customised value capture at relatively low costs (Adner & Kapoor, 2010; 

Jacobides et al., 2018). 

The concept of complementary assets describes a set of technologies, resources, 

capabilities, or know-how that need to be combined for the successful commercialisation of 

an innovation (Teece, 1986).36 In its simplest form, a complementary relationship between 

two assets, hereinafter denoted as A and B, is generic, that is to say, both A and B are general 

purpose assets that can be replaced by alternative or substitute general purpose assets with 

minimal customisation (Teece, 1986). Generic complementarities are typically considered 

 
36 Teece (2018) noted that it is increasingly rare for technologies and innovations to be independent or stand-

alone in todayôs complex knowledge domains and that the literature on complementarities has become complex 

and confused with a plethora of concepts being introduced and examined (primarily by economists), such as 

Hicksian, Edgeworth, Hirshleifer, and Cournot complementarity. 
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weak because the combined value of two general purpose assets tends to be only moderately 

higher compared to their respective individual values, as shown in Fig. 2.6a (Holgersson et 

al., 2022). Beyond generic complementarities, Jacobides et al. (2018) suggest that unique 

and supermodular complementarities are most relevant in the innovation ecosystem context. 

In a unique complementary relationship, assets A and B can either depend on each other due 

to a high degree of mutual customisation (Fig. 2.6b), which is also referred to as a 

cospecialised or two-way unique complementarity. Or, the dependency can be unilateral, 

where asset A depends on and is customised to be used in conjunction with asset B but not 

vice-verse (Fig. 2.6c), in which case the complementarity is considered specialised or one-

way (Jacobides et al., 2018; Teece, 1986). Unique complementary assets represent small 

value on their own relative to their combined value and are therefore also considered strong 

complementarities (Holgersson et al., 2022). Lastly, complementary relationships are 

considered supermodular if the rise in the quantity of asset A leads to an increase in the value 

of asset B (Fig. 2.6d), whereas supermodular complementarities materialising during 

consumption or value capture activities are also considered an Edgeworth complementarity 

(Teece, 2018). This type of complementarity is most prominently observed in platform 

ecosystems for mobile telecommunication devices, in which the value of an operating 

system increases with the number of applications developed by complementors (Jacobides 

et al., 2018). Ultimately, complementary relationships have considerable influence on value 

creation and capture activities in innovation ecosystems, thus requiring focal firms to solve 

complex alignment challenges with suppliers for the formulation of the focal value 

proposition and the equitable distribution of value capture (Adner & Kapoor, 2010; 

Jacobides et al., 2018). 
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Fig. 2.6  Illustrative comparisons of standalone and joint values of two complementary assets A and 

B for (a) generic, (b) unique two-way, (c) unique one-way, and (d) supermodular complementarity37  

 

 

2.1.5 Dynamics and Co-evolution in Innovation Ecosystems 

Dynamics and co-evolution in the context of innovation ecosystems represent two essential 

conceptual reference points for the research objectives of this study. In the most general 

sense, dynamics capture change occurring in a system as time progresses (Strogatz, 1994, 

p. 2),38 whereas co-evolution describes ñreciprocal cycles of adaptation among one or more 

elements of an economic systemò (Moore, 2006, p. 4).39 Some scholars propose that 

 
37 Illustrations (a), (b), and (c) are based on Holgersson et al. (2022) and licensed under CC BY 4.0; illustration 

(d) is created by author based on Jacobides et al. (2018) and Teece (2018). 
38 According to Strogatz (1994), dynamics is a multidisciplinary and mostly quantitative subject that finds its 

origins in mid-17th-century physics when Isaac Newton introduced calculus for the analysis of planetary 

motion. Today, the concept of dynamics is applied in engineering, chemistry, and population biology and, 

enabled by the invention of high-speed computing in the 1950s, allows the analysis of complex problems, such 

as fluid turbulence and chaotic systems, and the modelling of fractals (Strogatz, 1994). 
39 In his seminal work The Origin of Species, Darwin (1901) described and admired the phenomenon of 

coadaptation amongst species and their external conditions, such as climate, resources, and geography, which 

is subject to the fundamental laws of variations of species under nature, struggle for existence, and natural 

selection. Co-evolution in innovation ecosystems relates to the concept of coadaptation in natural ecosystems, 

but it seems to also conceptually diverge because it has been described as a controlled or managed process that 

follows a deterministic blueprint or vision of the ecosystem leader or orchestrator (Adner, 2017; Dattee et al., 

2018; Phillips & Ritala, 2019). 
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dynamics prevail in the emerging phase of an ecosystem when focal firms must exert 

dynamic control for the collective discovery and formulation of a focal value proposition 

and the establishment of the alignment structure among actors (Adner, 2017; Dattee et al., 

2018), before reaching a climax or equilibrium state characterised by a high level of 

interconnectedness, stability, as well as strong and complex interdependencies (Auerswald 

& Dani, 2017; Moore, 1993).40 Other ecosystem theorists suggest, however, that innovation 

ecosystems inherently exhibit properties of complex adaptive systems and are in a constant 

state of flux irrespective of the development phase because basic ecosystem elements 

continuously co-evolve through complementary and substitute relationships, 

complementarities constantly interact with modularity, and the balancing forces that impact 

ecosystem structure change perpetually over time (Aarikka-Stenroos & Ritala, 2017; 

Granstrand & Holgersson, 2020; Holgersson et al., 2022; Jacobides et al., 2018; Phillips & 

Ritala, 2019).41 The following subsections first elaborate on both endogenous and 

exogenous sources of dynamics in innovation ecosystems by reconsidering three of the five 

previously synthesised basic elements, namely activities, artifacts, and actors (subsection 

2.1.3). Subsequently, the concept of co-evolution and its impact on ecosystem structure is 

discussed based on the remaining two basic elements, namely positions and links. Fig. 2.7 

below summarises the concepts of endogenous and exogenous sources of dynamics, as well 

as their effects on ecosystem structure as used in this study and provides empirical examples. 

  

 
40 This relates to the concept of stable equilibrium from the physical sciences and mathematical economics, 

which describes a fixed point or steady state that remains undisturbed as time becomes infinite and returns to 

its equilibrium position if subjected to small disturbances (Samuelson, 1941; Strogatz, 1994). 
41 Hou & Shi (2021) suggest a conceptual dichotomy in the literature on innovation ecosystems between the 

ecosystem-as-structure perspective and an alternative ecosystem-as-co-evolution view. They furthermore 

argue that the notion of continuous co-evolution in recent work on the innovation ecosystem concept, such as 

Jacobides et al. (2018) and Phillips & Ritala (2019), merely represents a rediscovery of Mooreôs (1993, 2006) 

initial co-evolution framework. 
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2.1.5.1 Endogenous Sources of Dynamics in Innovation Ecosystems 

According to Granstrand & Holgersson (2020), activities, artifacts, and actors are constantly 

subject to longitudinal changes, which are collectively classified as sources of dynamics that 

are endogenous to the innovation ecosystem for the purposes of this study. More specifically, 

activities in innovation ecosystems experience longitudinal change through the influence of 

newly emerging management theory and practice (Holgersson et al., 2022), as well as by 

intentional new combinations of resources and organisational changes within a firm (Demil 

& Lecocq, 2010).42 Prominent examples include open innovation which uses deliberate 

knowledge inflows and outflows across firm boundaries as sources of value creation and 

capture (Chesbrough & Bogers, 2014), digitalisation of business processes that enable new 

mechanisms and structures for value exchange (Amit & Zott, 2001), and the servitization of 

manufacturing in which manufacturers innovate their business model beyond manufacturing 

towards offering services in integrated bundles with products (Baines & Lightfoot, 2013; 

Neely, 2008; Vandermerwe & Rada, 1988). In this study, longitudinal changes in activities 

are considered an endogenous source of dynamics if they describe intended and emergent 

changes in an actorôs core resources and competencies, organisation, and value creation 

(Demil & Lecocq, 2010) that are directly linked to the realisation of the focal value 

proposition in the innovation ecosystem (Table 2.1). 

Artifacts are subject to longitudinal changes that result from radical innovations 

introducing technological discontinuities, incremental innovations iteratively improving 

existing technologies, or recombination of existing technologies and capabilities (Garcia & 

Calantone, 2002; Holgersson et al., 2022; Murray & OôMahony, 2007; Schilling, 2000).43 

Empirical examples for such radical and incremental artifact innovations include Apple 

 
42 Longitudinal changes of activities in innovation ecosystem are conceptually linked to the transformational 

approach of business model evolution proposed by Demil & Lecocq (2010), who investigated the dynamics 

caused by the interactions between and within core components of a firmôs business model. 
43 After reviewing marketing, management, and engineering literature on new products, Garcia & Calantone 

(2002) introduced a continuum of innovation types that ranges from radical innovations, via various subtypes 

of really new innovations, to incremental innovations. The classification of innovations in this framework is 

based on whether product characteristics are new to the world or industry (i.e. macro-perspective) or the firm 

or customer (i.e. micro-perspective) and whether discontinuities emerge from a marketing or a 

technological/scientific perspective. For the sake of simplicity, this study focuses on the extremes of Garcia & 

Calantoneôs (2002) innovation typology continuum, i.e. radical and incremental innovations. 
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Inc.ôs introduction of the smartphone coupled with the iOS-based digital platform 

ecosystem, which spawned an entire new industry with new firms in the form of 

complementing app developers (Kenney & Pon, 2011), and Airbusô adoption of fly-by-wire 

flight control systems in commercial aircraft which enabled more efficient and safe 

operation of an otherwise mature product (Michaels, 2018), respectively. In this study, 

longitudinal changes in artifacts would be classified as an endogenous source of dynamics 

if they directly result from activities within the innovation ecosystem and affect the focal 

value proposition or any of its components or complements (Table 2.1). 

Actors within an innovation ecosystem experience longitudinal changes through shifts 

in firm boundaries. On the one hand, firm mergers and acquisitions can occur to raise 

internal synergies and to enable more efficient knowledge transfer, as well as capability and 

resource distribution, all of which typically require the direct internal control of activities 

within a firmôs hierarchy (Altman et al., 2022; Feldman & Hernandez, 2022).44 For example, 

the consolidation among airlines in North America in the early 2010s and Delta Air Lineôs 

acquisition of an oil refinery in 2012 were triggered by the need to raise internal synergies 

through improved capability distribution and asset utilisation (Feldman & Hernandez, 2022; 

Michaels, 2018). On the other hand, firms can experience vertical disintegration induced by 

increasing specialisation of resources and capabilities, enabled by low cost of transactions, 

and facilitated by modular product and process architectures as well as tight contractual 

control (Altman et al., 2022; Baldwin, 2007; Langlois, 2003). For example, leading 

electronics firms in the United States, such as Apple, IBM, and Hewlett Packard, 

increasingly divested their manufacturing capabilities in the late 1980s to concentrate their 

resources on product design and marketing (Sturgeon, 2002). For the purposes of this study, 

longitudinal shifts in firm boundaries are considered endogenous sources of dynamics if the 

affected actors have been linked to the focal value proposition of the innovation ecosystem 

either as a focal firm, supplier, complementor, or customer (Table 2.1). 

 
44 The theory on firm mergers and acquisitions is primarily informed by transaction cost economics and the 

knowledge-based view. These theoretical concepts explain why firms should choose to make an input to its 

value proposition, thereby keeping both control and activity in-house within traditional firm boundaries, as 

opposed to buying the input, thereby assigning control and activity to the open market, and vice versa (Altman 

et al., 2022). 
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2.1.5.2 Exogenous Sources of Dynamics in Innovation Ecosystems 

Scholars have repeatedly highlighted that ecosystems exchange and interact with their 

external environment at the macro-level45 by absorbing external shocks, experiencing 

constant inflows and outflows of actors and resources, and pursuing external opportunities 

(Aarikka-Stenroos & Ritala, 2017; Holling, 2001; Hou & Shi, 2021; Moore, 1993; Phillips 

& Ritala, 2019). These exchanges and interactions give rise to several exogenous sources of 

dynamics, such as new entrants joining (Adner, 2017; Breslin et al., 2021; Holgersson et al., 

2022), complementary artifact innovations being adopted (Dedehayir et al., 2017; Teece, 

2018), or external conditions abruptly changing for the innovation ecosystem (Auerswald & 

Dani, 2017; Holling, 2001; Moore, 1993). More specifically, new entrants may join from 

outside the innovation ecosystemôs boundaries and use their complementary capabilities and 

resources to conduct substitute activities and offer artifacts in competition with incumbent 

actors (Breslin et al., 2021; Cozzolino et al., 2021).46 However, new entrants need to 

establish the necessary links to incumbents, suppliers, and buyers through selective 

cooperation (Cozzolino et al., 2021; Porter, 2008), and buy into the formal governance rules 

and mechanisms that coordinate the idiosyncratic mode of distributed value creation 

(Holgersson et al., 2022) before effectively contributing to or developing its own substitute 

focal value proposition. Examples for new entrants as exogenous sources of dynamics in 

innovation ecosystems were identified in advertising where traditional media owners (e.g. 

newspapers, radio, and television) have increasingly been challenged by internet-based 

media platforms, such as Google and Facebook (Cozzolino et al., 2021). 

Artifact innovations can also be adopted from outside the innovation ecosystemôs 

boundaries. Their integration into the ecosystemôs alignment structure can lead to enhanced 

value creation and reconfiguration of actorsô activities and positions (Dedehayir et al., 2017). 

 
45 McKelvey (1997) suggested that multiple levels of analysis exist with respect to studying co-evolution in 

organisations, namely the micro-level confined to the boundary of an organisation and the macro-level 

expanding beyond these boundaries. Hou & Shi (2021) subsequently applied the multiple level approach to 

co-evolution of innovation ecosystems with macro co-evolution focusing on external environmental factors 

and micro co-evolution addressing internal dynamics in the ecosystem. 
46 According to Porter (2008), the propensity of new entrants to join an ecosystem would be high, if barriers 

to entry, such as economies of scale and capital requirements, as well as the likelihood of retaliation from 

incumbent actors are low. 
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According to Teece (2018), such exogenous innovations can take the form of general 

purpose or enabling technologies47 and hold the potential of additional value creation 

through strong complementarities with an ecosystemôs incumbent activities and artifacts. 

Examples of such exogenous artifact innovations include synthetic plastics replacing natural 

Shellac as insulating material for electric wiring (Dedehayir et al., 2017) and machine 

learning for the analysis of large data sets in firm specific applications, thus replacing more 

traditional data analysis methods with improved results (Teece, 2018). For the purposes of 

this study, artifact innovation as an exogenous source of dynamics conceptually 

distinguishes from its endogenous counterpart by strictly resulting from activities conducted 

outside the innovation ecosystem and not being specifically conceived for its focal value 

proposition. 

Sudden and unexpected changes in external conditions also have profound 

implications for innovation ecosystems. Agents of disturbance, such as regulatory changes, 

societal upheaval, and abrupt scarcity of resources, can lead to the loss of tight organisational 

control and the collapse of an ecosystemôs alignment structure (Auerswald & Dani, 2017; 

Holling, 2001). According to Hollingôs (2001) heuristic model of the ecosystem adaptive 

cycle, this sudden loss of organisational control is typically followed by a phase of high 

uncertainty, novel recombination of released capabilities and resources, and unexpected 

experiments, all of which are conducive to novel innovation.48 Concrete examples of such 

stochastic shocks in the business world were recently observable on a global scale during 

the COVID-19 pandemic in the form of disruptions of manufacturing supply chains due to 

shortages in labour force and government enforced import/export restrictions for critical 

products (Nicola et al., 2020; Xu et al., 2020). These typically unpredictable sources of 

 
47 Bresnahan & Trajtenberg (1995) introduced the concept of general purpose technologies and described them 

as being in pervasive use across a wide range of sectors, opening up new opportunities, and developing 

innovation complementarities with downstream sectors. Examples include steam power, electricity, railways, 

laser, and the internet (Teece, 2018). Furthermore, Teece (2018) describes enabling technologies as sharing 

many of the attributes of general purpose technologies with the exception of their measurable economy-wide 

impact. The European Commission defined six key enabling technologies comprising advanced 

manufacturing, advanced materials, life-science technologies, micro/nano-electronics and photonics, artificial 

intelligence, as well as security and connectivity (European Commission, 2019). 
48 Holling (2001) and Auerswald & Dani (2017) draw an analogy between the adaptive cycles of natural 

ecosystems and the evolution of ecosystems in the social and entrepreneurial world, in which long periods of 

exploitation and conservation continuously alternate with short periods of release and reorganisation. 
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dynamics are inherently exogenous to innovation ecosystems because they occur on a larger 

scale49 allowing them to have a spreading effect that transcends the boundaries of individual 

innovation ecosystems. 

 

2.1.5.3 Co-evolution and its Effects on Structure in Innovation Ecosystems 

Co-evolution has been a key concept in the study of ecosystems since the beginning (Hou 

& Shi, 2021; Moore, 1993, 2006).50 In the context of innovation ecosystems, co-evolution 

describes a continuous process in which multiple interdependent endogenous and exogenous 

dynamics interact (Aarikka-Stenroos & Ritala, 2017). Fig. 2.8 below illustrates co-evolution 

within innovation ecosystems by means of a conceptual causal chain among endogenous 

sources of dynamics (subsection 2.1.5.1). More specifically, the adoption of new 

management practices and the intended recombination of resources and capabilities within 

firms (arrow labelled óAô in Fig. 2.8) provide a fertile ground for the conception of new 

artifacts in the form of novel products or services and the formulation of enhanced value 

propositions (Amit & Zott, 2001; Demil & Lecocq, 2010). Furthermore, as artifacts become 

increasingly co-specialised over time and their unique complementarities grow stronger 

(arrow labelled óBô in Fig. 2.8), the effort and costs of coordinated future developments 

increase, and actors are forced to adjust their boundaries by merging into single corporations 

(Holgersson et al., 2022). Finally, post-merger integration efforts, which are primarily 

focused on bringing together systems, firm cultures, and organisational structures (arrow 

labelled óCô in Fig. 2.8), recombine activities of the previously distinct firms into a new set 

of resources and capabilities (Feldman & Hernandez, 2022). This conceptual causal chain 

of interdependent longitudinal changes of activities, artifacts, and actors additionally 

exemplifies the high degree of complexity involved in co-evolution in innovation 

ecosystems (Phillips & Ritala, 2019). 

 
49 In the natural world, Holling (1992) referred to exogenous sources of dynamics as mesoscale processes that 

have the potential to spread local events spatially into large-scale consequences and cited both abiotic sources, 

such as water, fire, and wind, and zootic factors, such as migrating animals and insect outbreaks. 
50 Moore (1993) suggested that co-evolution in business ecosystems is ñthe complex interplay between 

competitive and cooperative business strategiesò (Moore, 1993, p. 76) that enables the progression of a random 

set of actors to an aligned community supporting a value proposition and adopting new innovations for its 

survival. 
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Fig. 2.8  Co-evolution driven by interdependent endogenous sources of dynamics in 

innovation ecosystems51 

 

The co-evolution of actors, activities, and artifacts in innovation ecosystems has 

profound implications for its structure because it dynamically affects actorsô positions and 

the links among them. At the micro-level, an actorôs position within an innovation ecosystem 

may be challenged by internal peers that reconfigure their set of activities, shift firm 

boundaries, or introduce artifact innovations through the recombination of existing artifacts, 

thereby offering competing value propositions in the form of substitute components or 

complements and establishing new links (Adner, 2017; Granstrand & Holgersson, 2020; 

Moore, 1993). From the perspective of the incumbent actor in the challenged ecosystem 

position, the co-evolutionary process pursued by its peers may result in its components or 

complements becoming commoditised over time and existing links to actors in other 

ecosystem positions degrading from being unique to becoming generic (Holgersson et al., 

2022), which in turn affects incumbentôs market share and ability to capture value 

 
51 Authorôs illustration 
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(Cozzolino et al., 2021). Empirically, Moore (1993, 2006) observed such impacts of co-

evolution on ecosystem structure in the personal computing ecosystem when IBM and 

Hewlett-Packard saw their position as focal firms being challenged by peer actors, such as 

Sun Microsystems, Intel, and Microsoft, who started developing their own open modular 

architectures for personal computers in the 1980s.  

At the macro level, the integration of new entrants and the adoption of external artifact 

innovation act as ñenergizing forcesò (Breslin et al., 2021, p. 60) that drive reconfiguration 

mechanisms in innovation ecosystems (Dedehayir et al., 2017). Likewise, sudden scarcity 

of resources caused by external factors and environmental conditions can pose new 

coordination and cooperation challenges (Tietze, Vimalnath, et al., 2022). More specifically, 

the successful absorption of such exogenous sources of dynamics by an innovation 

ecosystem typically requires the adaptation of actorsô positions and respective links among 

them by the focal firm (Foss et al., 2022) or, in case of substitute focal value propositions, 

even the replacement of the focal firm (Dedehayir et al., 2017). An empirical example for 

exogenous sources of dynamics triggering reconfiguration in an innovation ecosystem was 

identified by Tietze, Vimalnath, et al. (2022) in the healthcare sector during the COVID-19 

pandemic when the scarcity of products that were urgently needed by hospitals and doctors 

to treat critically ill patients drew firms and organisations with spare manufacturing 

resources from outside the sector to join the effort to rapidly scale up manufacturing 

capacities. Essentially, Holling (2001), Dedehayir et al. (2017), and Granstrand & 

Holgersson (2020) have related the concepts of co-evolution and reconfiguration in 

innovation ecosystems to Schumpeterôs (1947, p. 83) notion of ñCreative Destructionò, 

namely the incessant but cyclical process of destroying old forms of economic structure and 

creating new ones through the introduction of innovative products, new manufacturing 

methods, new markets, and novel forms of industrial organisation that render their existing 

counterparts obsolete. 

 

2.1.6 Final Remarks on Innovation Ecosystems 

This section provided an overview of the innovation ecosystem literature including its 

conceptual origin in ecology and contextualisation in the wider literature on ecosystems in 
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the management sciences. Furthermore, key concepts relevant to the objective of this study 

were reviewed, namely Adnerôs (2017) ecosystem-as-structure perspective and the 

important roles of modularisation and complementarities in innovation ecosystems. This 

section closed with a reflection on sources of dynamics and co-evolution in innovation 

ecosystems, which are also closely linked to the objectives of this study to develop visual 

methods for capturing and analysing dynamics, uncertainties, and risks in innovation 

ecosystems. 

Despite scepticism about its viability and conceptual legitimacy (Oh et al., 2016), the 

innovation ecosystem concept is vindicated as a theoretical lens. Ecosystem scholars 

emphasised its unique ability to capture and analyse interdependent value creation by 

aligned sets of actors (Adner, 2017), coordination of non-generic complementarities 

(Jacobides et al., 2018), and governance structures that lie between hierarchies of traditional 

firms and open markets (Altman et al., 2022). However, several scholars highlight that 

dynamics and co-evolution in innovation ecosystems remain undertheorised and call for 

novel research designs, most notably ecosystem network analysis and visual methods, to 

track interdependencies among actors, activities, and artifacts over time and shed light on 

innovation management in ecosystems (Aarikka-Stenroos & Ritala, 2017; Hou & Shi, 2021; 

Phillips & Ritala, 2019). 

 

 

2.2 Intellectual Property Management in Innovation 

Ecosystems 

IP management is a broad research field with contributions from the economics, law, and 

management disciplines (Granstrand, 1999; Somaya, 2012; Soranzo et al., 2016). At the top 

level, management of IP involves the extraction of value from knowledge and technology 

artifacts with the goal to develop and sustain a firmôs competitive advantage through the 

tactical implementation of IP strategies (di Minin & Faems, 2013; Somaya, 2012).52 In the 

 
52 Granstrand (1999), Phelps & Kline (2009), and Somaya (2012) emphasise the importance of managerial 

capabilities, organisation, and culture for the implementation of effective IP management activities within 
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innovation ecosystem context, multi-invention products (Murray & OôMahony, 2007; 

Somaya et al., 2011), systemic innovation (Foss et al., 2022), and collaboration and 

competition challenges dominate among structurally interdependent but hierarchically 

independent actors (Adner, 2017; Granstrand & Holgersson, 2020). IP management thus 

plays the additional crucial role of enabling actors to implement strategies for protecting and 

sharing their own knowledge and technological artifacts, gaining access to knowledge and 

technologies developed and/or owned by other actors, and ensuring respective value 

appropriation in the exchange (Altman et al., 2022; Holgersson et al., 2018; Leten et al., 

2013). This section elaborates on the IP management concepts that are relevant to the 

innovation ecosystem context and strictly useful for the objectives of this study. For that 

purpose, the review starts with actors, activities, artifacts, and an overview of basic IP 

management concepts (subsection 2.2.1). Subsequently, positions and links are related to 

those IP management concepts that enable collaborative innovation (subsection 2.2.2). This 

section closes with a discussion of IP specific uncertainties, risks, and how they emerge from 

dynamics and co-evolution in innovation ecosystems (subsection 2.2.3). 

 

2.2.1 Actors, Activities, and Artifacts: Relevant Concepts in Intellectual 

Property Management 

IP management is integral to the alignment structure among actors, activities, and artifacts 

in innovation ecosystems. More specifically, actors constantly capture tacit knowledge, such 

as ideas, designs, inventions, technologies, processes, organisational structures, and 

networks, in an accessible and exchangeable form through documenting in manuals, 

codifying into blueprints, and cataloguing in databases, thereby turning their intellectual 

capital into intellectual assets  (Arora, 1996; Poltorak & Lerner, 2011). Subsequently, actors 

 
firms and list patent attorneys with expertise in relevant areas of technology, the establishment of centralised 

and decentralised IP departments, and the formation of a patent culture at all management levels and integrated 

across business functions as respective examples. Furthermore, Tietze, Phaal, et al. (2022) define IP strategy 

as ñ[guiding] long-term decisions regarding acquisition, maintenance, exploitation and enforcement of formal 

and informal intellectual property (rights), to maximise value along an organisationôs value chain in support 

of and thus in alignment with its business objectivesò (Tietze, Phaal, et al., 2022, p. 12). 
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typically seek protection of their intellectual assets from imitation53 under applicable law to 

appropriate returns from their innovation and sustain their competitive advantage 

(Granstrand, 1999; Pisano & Teece, 2007), thereby creating IP and deriving respective 

property rights (Granstrand, 2020; Poltorak & Lerner, 2011). Ultimately, IP turns tacit 

knowledge into an economic asset that can be transferred in armôs length market transactions 

(Arora et al., 2001) between actors in the innovation ecosystem and, thus, represents an 

artifact in its own right (Granstrand & Holgersson, 2020).54 Furthermore, the process of 

documenting tacit knowledge and seeking legal protection, as well as the maintenance, 

renewal, and sharing of resulting IP rights, constitute activities that contribute to the 

coordinated formulation of the focal value proposition at the ecosystem level (Adner, 2017). 

To be effective these IP generating activities require integration with other activities at the 

firm level, such as research and development, as well as business strategy formulation 

(Fisher & Oberholzer-Gee, 2013; Somaya, 2012; Teece, 2006). Fig. 2.9 illustrates the 

conceptual relationship between actors, their IP generating activities, and IP as a 

transferrable artifact in innovation ecosystems based on the bilateral relationship between 

supplier 2 and the focal firm in Adner & Kapoorôs (2010) generic ecosystem scheme. 

 

 
53 Imitation is defined as ña firmôs purposeful attempts to reproduce, in whole or in part, another firmsô 

products, processes, capabilities, technologies, structures, or decisions in its pursuit of competitive advantageò 

(Posen et al., 2023, p. 76). While extant management literature relates imitation to absorptive capacity, 

diffusion, and knowledge spillover, Posen et al. (2023) recently argued that, under certain conditions, imitators 

can be a source of innovation through recombination with their own knowledge, products, technologies, and 

processes. 
54 Granstrand (2020) noted that due to the unobservability, dispossession impossibility, and limited 

controllability of intellectual capital, the effective granting and transfer of IP rights in functioning markets for 

IP require a central registrar in the form of third-party institutions and priority ruling to the property right. 

Respective examples include the United States Patents and Trademarks Office or USPTO (2018) or the 

intergovernmental European Patent Office or EPO (2022), and first-to-register or first-to-file rules. 



2.2 Intellectual Property Management in Innovation Ecosystems 41 

 

Fig. 2.9  Conceptual relationship among actors, IP generating activities, and IP artifacts in innovation 

ecosystems55 

 

As indicated in Fig. 2.9, actors can choose from a broad spectrum of different IP assets 

when distilling IP artifacts from its intellectual capital and assets. Extant literature on IP 

management typically distinguishes between formal and informal IP assets as summarised 

in Table 2.2 below (Bonakdar et al., 2017; Hall et al., 2014; Holgersson & Wallin, 2017; 

Zobel et al., 2017).56 Formal IP assets are meant to incentivise innovation by providing the 

respective inventor or owner a statutory right to exclude others from imitation for a finite 

period, during which the innovation can be exploited and profits can be reaped (Hall et al., 

2014; Zobel et al., 2017). The typically well-defined set of formal IP assets comprises, for 

example, patents, copyrights, trademarks, and design rights (Bonakdar et al., 2017; Hall et 

al., 2014). Informal IP assets, on the other hand, are less well-defined, typically covered 

under common or contract law, and generally unobservable by third parties (Hall et al., 2014; 

 
55 Authorôs illustration 
56 Hall et al. (2014) also distinguish between registered and unregistered IP, depending on whether it is captured 

in a central registrar by governmental or intergovernmental institutions, such as the EPO for patents and the 

USPTO for patents and trademarks. The distinction between registered and unregistered IP only partially 

overlaps with the formal-informal-IP distinction. For example, while copyrights classify as formal IP, they are 

also unregistered IP similarly to trade secrets, which in turn classify as informal IP (Hall et al., 2014). 
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Poltorak & Lerner, 2011).57 The set of informal IP assets is more diverse and comprises, for 

example, trade secrets, product or process complexity, lead-time advantage, and networks 

of strong partnerships (Bonakdar et al., 2017). Table 2.2 provides more details about IP 

assets, their classification with respect to the IP asset distinctions, and brief descriptions. 

An actorôs choice between formal and informal IP assets for the legal protection of its 

intellectual capital is primarily influenced by the respective appropriability regime, which 

considers the type of innovation, including its replicability and imitability, and the efficacy 

of legal protection mechanisms (Holgersson & Wallin, 2017; Teece, 1986, 2006).58 Pisano 

& Teece (2007) suggested that if the appropriability regime is strong, that is legal protection 

is effective and imitation by others is difficult, actors could rely on formal IP assets for 

capturing value from their innovation. However, if the appropriability regime is weak, 

namely the IP regime is not effective and imitation is easy, for instance by reverse-

engineering, actors may need to rely on alternative value capture mechanisms based on 

informal IP assets (Pisano & Teece, 2007).59 This study adopts a broad approach by 

considering both formal and informal IP assets. This approach is driven by the observation 

that artifacts and underlying tacit knowledge and skills in innovation ecosystems typically 

range from tangible products that are based on easy-to-imitate mechanical innovation to 

intangible services that rely on tacit and often difficult-to-imitate skills (Granstrand & 

Holgersson, 2020). 

  

 
57 The unobservable or partially observable nature of informal IP poses challenges to empirical research on IP 

management (Hall et al., 2014). Therefore, most literature on IP management focuses on patents as an indicator 

or operationalisation of IP (Holgersson & van Santen, 2018). 
58 According to Holgersson & Wallin (2017) a more comprehensive list of factors that influence an actorôs 

choice between formal and informal IP assets additionally comprises firm size, industry (e.g. chemical, 

pharma, or software), technological complexity, and market structure (e.g. competitive, monopolistic, or 

oligopolistic). 
59 Hall et al. (2014) concluded based on previous studies by Graham et al. (2009) and Sichelman & Graham 

(2010) that software companies avoid the patent system and formal IP assets, while firms in the biotech and 

pharmaceutical industry are more susceptible to patenting. Furthermore, Bonakdar et al. (2017) found that 

different types of business models use varying compositions of formal and informal IP protection strategies; 

for instance, razor-and-blade business models heavily rely on both formal and informal protection strategies 

whereas franchising is rather based on informal IP assets. 
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2.2.2 Positions and Links: Relevant Typologies for Intellectual Property 

Management in Collaborative Value Creation 

The formulation and long-term competitive advantage of a focal value proposition requires 

actors in an innovation ecosystem to effectively transfer knowledge across links to specified 

positions according to a value blueprint (Adner, 2017). To ensure this effective knowledge 

transfer, actors are said to adopt an open innovation approach and an open strategy for their 

IP management activities (Chesbrough & Appleyard, 2007; Holgersson et al., 2018).60 This, 

in turn, requires actors to engage in markets for IP61 and deploy various types of contracts 

to share access and usage rights to their IP assets (inside-out), or gain authorisation for 

accessing and using IP assets owned by other actors (outside-in) in return for pecuniary or 

non-pecuniary value flows (Chesbrough, 2003b; Chesbrough & Bogers, 2014; Chesbrough 

& Ghafele, 2014; Granstrand, 2020). Furthermore, actors need to embrace the concept of IP 

modularity62 and consider various types of IP that are relevant in open and collaborative 

innovation to effectively manage the allocation of IP ownership and usage rights that are 

most conducive to the collaborative value creation activities (Granstrand & Holgersson, 

2014; Henkel et al., 2013). The next subsection introduces a typology of IP models and 

respective contracts for the sharing of IP assets across established links between actors. The 

following subsection then delineates the concept of IP modularity and presents a typology 

of IP that appears to be relevant for the collaborative value creation activities in innovation 

ecosystems. 

 

 
60 The open innovation concept was introduced by Chesbrough (2003a, 2003b) in response to newly observed 

innovation phenomena, such as innovation systems, ecosystems, and value networks, in which firms 

increasingly access external ideas and technologies (outside-in) to enhance their ability to create value and 

divest unused internal ideas (inside-out) to other firms and their value creation activities (Chesbrough & 

Appleyard, 2007; Chesbrough & Bogers, 2014). 
61 According to Arora et al. (2001), the market for IP refers to transactions for the use, diffusion, and creation 

of formal and informal IP assets. It represents a subset of the more holistic market for technologies or 

intermediate market, which extends the scope of transferrable artifacts to products and services (Arora et al., 

2001; Chesbrough & Ghafele, 2014). 
62 Henkel et al. (2013) suggest that technical interfaces between modules need to coincide with boundaries of 

the respective IP assets for a system to exhibit IP-modularity. They cite antilock braking systems as an IP-

modular example because the necessary stability and control system, whose underlying IP is typically owned 

by a supplier, is designed as a separate module to the overall braking system by the car manufacturer. 
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2.2.2.1 A Typology of IP Models and Contracts for Collaborative Value Creation 

Holgersson et al. (2018) observed that actors in innovation ecosystems vary their approach 

to IP management over time and employ different types of contracts to share knowledge and 

IP assets for the collaborative development of the focal value proposition. Vimalnath et al. 

(2020) furthermore suggested that the specific type of contract for sharing IP assets inside-

out and accessing IP assets outside-in is influenced by the degree of openness of actorsô 

respective IP strategies. As illustrated in Table 2.3 below, Vimalnath et al. (2020, 2022) 

introduced a typology of IP models and respective contracts that ranges from private IP 

models, via club or common IP models, to public IP models.63 

 

 

Table 2.3  Overview of IP model typologies, degree of openness, and contracts64 

IP model type Private IP model Club IP model Common IP 

model 

Public IP model 

 
Degree of openness 

 
 

  

      

closed semi-open open 

  IP concentration Highly concentrated Concentrated on few 

actors 

Distributed over 

many actors 

IP is in the public 

domain 

  IP access No sharing of IP assets 

(primarily trade 

secrets, patents) 

Access is provided 

only to 'members' 

(high entry barriers) 

Access is provided 

to almost anyone 

(low entry barriers) 

Anyone can access 

(no barriers) 

  IP usage Commercial usage is 

fully restricted 

Restricted 

commercial usage 

by few 'members' 

Commercial usage 

by almost anyone 

with few restrictions 

Commercial usage 

by anyone with no 

restrictions 

Contract types - IP Purchasing 

- Exclusive licenses 

- Non-disclosure 

agreement (NDA) 

- Cross licenses 

- Patent pools  

- Patent pledges - Open source 

- Open access 

publication 

 

 

 
63 Vimalnath et al.ôs (2020) IP model concept describes how actors control ñownership, access and usage 

rights for a combination of relevant complementary IP assets (both formal IP rights such as patents and 

trademarks, and informal IP assets such as know-how and data) to achieve a specific purpose within a specific 

settingò (Vimalnath et al., 2022, p. 2). Next to the degree of openness, three conceptual dimensions are 

additionally considered for the distinction among these IP models, namely IP ownership rights concentration, 

IP access, and commercial IP usage. 
64 Based on Vimalnath et al. (2020, 2022); licensed under CC BY 4.0 
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Starting from the closed end and approaching the semi-open spectrum of the IP model 

typology continuum, actors typically rely on exclusive and cross licenses, as well as non-

disclosure agreements (NDA) for the exchange of IP assets (Vimalnath et al., 2020, 2022). 

In exclusive licensing contracts, the owner of an IP asset (or licensor) confers an access and 

commercial usage right on a company seeking to exploit the respective know-how or 

invention (or licensee) while excluding the owner and all other third parties in the applicable 

jurisdiction (Liddicoat, 2017). This unidirectional contractual relationship is illustrated in  

Fig. 2.10a below. Cross licenses are agreements that are typically reached between two 

companies which require access and usage rights to each otherôs portfolio of IP assets (each 

a licensor and a licensee) for making, marketing, exporting, and selling their respective 

products or services (Shapiro, 2000). This bi-directional contractual relationship is depicted 

in Fig. 2.10b. Licensing contracts are typically subject to activity-based, geographic, and 

field-of-use restrictions that limit the licenseeôs usage rights with respect to the type of 

business activity, region, and application (Liddicoat, 2017; Shapiro, 2000). In addition, 

licensing contracts normally define the level of pecuniary compensation that needs to be 

made by the licensee to the licensor in return for authorised access to the respective IP asset, 

either as an up-front fixed fee or a running royalty (Poltorak & Lerner, 2011).65 Licensing 

agreements are typically used if the respective IP asset classifies as formal IP and if the 

resulting product or service is easy to replicate but hard to imitate (Arora et al., 2001; Teece, 

1986). NDAs, on the other hand, provide the least degree of freedom-to-operate (FTO)66 by 

requiring recipients of access to IP assets to restrict their usage to a specified purpose and to 

protect the secret nature of such knowledge and information (Poltorak & Lerner, 2011). 

Furthermore, NDAs tend to be more applicable if the IP assets are classified as informal IP 

that need to be kept privately, such as trade secrets (Chesbrough & Ghafele, 2014). 

 
65 Granstrand et al. (2020) noted that IP licensing is burdened by high transaction costs due to low transparency, 

information asymmetries, intermediation and two-sidedness between the licensor and the licensee and 

recommended the adoption of fairness principles, particularly in the capture and sharing of jointly created 

value in innovation ecosystems. 
66 Freedom-to-operate (FTO) is defined as ñthe ability to proceed with the research, development and/or 

commercial production, marketing or use of a new product or process with minimal risk of infringing the 

unlicensed IP rights [é] of third partiesò (Kowalski, 2007, p. 1329). 
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In the semi-open spectrum of Vimalnath et al.ôs (2020, 2022) IP model typology 

continuum, patent pools and standard-essential patents are more prevalent forms of contracts 

for effectively transferring IP assets across links between actors. To form a patent pool, a 

group of IP holders bundles a set of typically complementary patents into a package, agrees 

on terms and conditions for joint licensing, and designates one of its peers or a newly formed 

organisation to issue and administer the package license (Shapiro, 2000).67 A conceptual 

illustration of patent pools is shown in Fig. 2.10c. Furthermore, patent pools are conceptually 

closely related to the cooperative setting of standard-essential patents, which are typically 

regulated by standard-setting organisations (SSO) to ensure that anti-trust concerns are 

addressed, and licensees have access on fair, reasonable and non-discriminatory (FRAND) 

terms (Lerner & Tirole, 2015). Examples for patent pools and SSO comprise the package of 

patents related to the Digital Versatile Disk (DVD), which is jointly licensed by Philips, 

Sony, and Pioneer for the manufacture and sale of discs and players (Shapiro, 2000), and the 

patent portfolio underlying the GSM/UMTS/LTE standards for mobile communications 

(Holgersson et al., 2018), respectively. 

Starting from the semi-open spectrum and approaching the open end of the IP model 

typology continuum, actors increasingly pledge entire portfolios of IP assets by voluntarily 

limiting their enforcement (Contreras, 2015). IP pledges are publicly announced by the 

owner of the IP asset portfolio (or pledger), implemented through standardised written or 

social contracts, and provide access to the restricted or unrestricted public either on a free or 

reasonable commercial basis (Ehrnsperger & Tietze, 2019).68 Fig. 2.10d illustrates pledges 

for sharing IP assets. Motives for IP pledges are to drive technology diffusion, ecosystem 

growth, and collaboration, as well as reputation building and social responsibility 

(Contreras, 2015; Ehrnsperger, 2020). Particularly in large ecosystems, pledging IP can be 

 
67 According to Shapiro (2000), patent pools enable willing licensees to efficiently gain authorised access to a 

thicket of overlapping IP assets that are owned by multiple independent actors but collectively necessary for 

the commercialisation of their product or service. According to Granstrand & Holgersson (2013) and Heller 

(1998), patent pools help overcoming the tragedy of the anti-commons, namely the underutilisation of a scarce 

resource due to the large number of exclusionary rights held by multiple independent IP holders. 
68 Ehrnsperger & Tietze (2019) suggested that various forms of pledges exist and provided a taxonomy that 

classifies them based on the degree of accessibility to the underlying IP assets (either unrestricted or restricted 

public access), the level of monetary compensation required by the IP holder or pledger (either reasonable 

compensation or free of charge), and conditions under which IP assets can be used. 
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effective because it enables actors in focal positions to openly reveal IP assets required for 

collaboration to a wide audience, thereby attracting potentially valuable but previously 

unknown contributors to the focal value proposition (Henkel et al., 2013). Prominent 

examples include Teslaôs open pledge of IP related to electric vehicle technologies in 2014 

(Ehrnsperger & Tietze, 2019) and the various IP pledges in the context of the COVID-19 

pandemic, such as AbbVieôs pledge of patents related to its HIV antiviral drug (Contreras et 

al., 2020). 

 

 

Fig. 2.10  Illustration of contract types; (a) exclusive licensing, (b) cross-licensing, (c) patent pool, 

and (d) patent pledge69  

 

2.2.2.2 IP Modularity and a Typology of IP for Collaborative Value Creation 

The modularity of IP portfolios enables actors to selectively share IP assets using different 

IP models and to engage in cumulative and combinatorial value creation with its peers in an 

innovation ecosystem (Granstrand & Holgersson, 2013; Henkel et al., 2013). More 

specifically, by adopting semi-open or open IP models and deploying respective contracts, 

such as cross licenses, patent pools, and IP pledges, actors can selectively share relevant IP 

assets and attract peers owning complementary IP assets in other positions of the innovation 

ecosystem, while protecting core IP assets from unwanted disclosure (Henkel et al., 2013; 

Holgersson et al., 2018). Before engaging in collaborative innovation projects, actors 

however need to solve the IP assembly problem, namely the task of acquiring and integrating 

 
69 Illustration based on Vimalnath et al. (2020, 2022); adapted by author with permission from Pratheeba 

Vimalnath. 
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all necessary access and commercial usage rights to each otherôs and potentially third-party 

modular IP assets to ensure sufficient FTO (Granstrand & Holgersson, 2013, 2014). This set 

of relevant modular and complementary IP assets owned by the collaborating actors is 

referred to as background IP (Granstrand & Holgersson, 2014; Leten et al., 2013). Fig. 2.11 

below depicts two actors engaging in a collaborative innovation project, whereas the left-

hand section shows the process of initially resolving the IP assembly problem during the 

pre-collaboration stage. 

 

 

Fig. 2.11  Schematic of the IP typology relevant for collaborative innovation70 

 

As actors recombine their respective capabilities and know-how during the 

collaboration stage, they jointly develop cumulative innovation in the form of new products 

or services (Murray & OôMahony, 2007). This cumulative innovation process and the 

recombination of the underlying background IP assets, in turn, leads to the creation of novel 

IP assets which are collectively referred to as foreground IP (Granstrand & Holgersson, 

2014; Leten et al., 2013). Furthermore, either of the collaborating actors may use its 

 
70 Illustration based on Granstrand & Holgersson (2014); Ò 2014, reprinted by permission of Informa UK 

Limited, trading as Taylor & Francis Group, http://www.tandfonline.com. 
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authorised access to integrated background IP and newly developed foreground IP to support 

its own research and development activities outside of the collaborative innovation project, 

thereby generating sideground IP (Granstrand & Holgersson, 2014). The middle section Fig. 

2.11 illustrates the emergence of collaboratively created foreground IP and individually 

conceived sideground IP during the collaboration stage.  

As the collaborative innovation project draws to a close, actors need to resolve the IP 

disassembly problem, that is the task of equitable allocation of ownership and usage rights 

to jointly developed foreground IP assets (Granstrand & Holgersson, 2013). More 

specifically, actors need to decide whether the jointly developed foreground IP is of core 

importance to their continued activities beyond the collaboration, and thus requires close 

control through direct ownership (Granstrand & Holgersson, 2013; Henkel et al., 2013). 

Relevant to these considerations is the potential emergence of postground IP as shown in the 

right-hand section of Fig. 2.11, namely IP that results from future research and development 

activities by any of the actors after the collaborative innovation project ended (Granstrand 

& Holgersson, 2014). Overall, IP management in the context of collaborative innovation 

projects represents a complex task that requires actors in innovation ecosystems to 

strategically consider the relevant IP types, namely background, foreground, sideground, 

and postground IP, as well as the formal governance mechanisms, such as cross licenses, 

patent pools and IP pledges, that are most conducive to collaborative value creation. 

 

2.2.3 Dynamics and Co-evolution: Intellectual Property Uncertainties, 

Risks, and Opportunities 

Innovation ecosystems are subject to continuous changes due to endogenous and exogenous 

sources of dynamics and the co-evolution of actors, activities, and artifacts (subsection 2.1.5. 

and Fig. 2.7). Furthermore, IP management activities in collaborative innovation settings 

also change over time, either to regulate IP accessibility and promote continuous 

development of joint technology platforms (Holgersson et al., 2018), to regain profits after 

initially driving product or technology diffusion (Ehrnsperger & Tietze, 2019), or depending 

on the phase in the innovation process of a new product or service (Vimalnath et al., 2022). 
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In fact, IP management activities in innovation ecosystems have been observed to co-evolve 

with endogenous and exogenous sources of dynamics (Holgersson et al., 2018),71 thereby 

adding another dimension to the complexity of IP management in collaborative innovation 

settings. This interdependency between IP management activities, on one hand, and the co-

evolving set of actors, activities, artifacts, and complementary and substitute relations, on 

the other hand, gives rise to IP specific uncertainties, risks, and opportunities.72 The 

following subsections first introduce various IP specific uncertainties that can emerge from 

co-evolution in innovation ecosystems, subsequently reviews different types of IP risks and 

opportunities, and finally discuss techniques for their assessment and treatment. 

 

2.2.3.1 Emergence of Intellectual Property Uncertainties from Dynamics and 

Co-evolution in Innovation Ecosystems 

In the context of complex business activities and project management, uncertainty is defined 

as ñan event or a situation, which was not expected to happen, regardless of whether it could 

have been possible to consider it in advanceò (Perminova et al., 2008, p. 77). Furthermore, 

uncertainty can have both project-internal and -external sources and is dependent upon 

actorsô abilities to use previous experiences and lessons-learnt to foresee potential outcomes 

(Perminova et al., 2008).73 When making decisions in the context of complex business 

activities, as is typically the case in innovation ecosystems, Walker et al. (2003) proposed 

that uncertainty can be conceptualised along three dimensions, namely the location, level, 

and nature of uncertainty, as summarised in Table 2.4. First, the location dimension identifies 

where uncertainty manifests itself and relates to the respective context and external inputs 

 
71 Holgersson et al. (2018) observed that the new entry of Motorola to the mobile telecommunications sector 

in Europe led to an increase in patenting and restricted cross-licensing among actors, thereby leading to a 

widespread decrease in the degree of openness of IP models among actors in that innovation ecosystem. 
72 According to OôDonnell (2021), uncertainty and risk were first discussed as distinguishing concepts by 

Knight (1921) in his economic contribution on Risk, Uncertainty and Profit and by Keynes (1921) in his 

philosophical Treatise on Probability. Knight understood uncertainty more broadly to be a situation in which 

qualitative and subjective estimates or judgements about possible outcomes are needed due to partial 

knowledge or lack of human experience, whereas risk is a distinct category in the sense that quantitative 

probabilities can be assigned to such outcomes (Langlois & Cosgel, 1993). Keynes conceptualised radical 

uncertainty and risk as types of the same category with the former being situations in which probabilities are 

unknown or unavailable to humans and the latter in which probabilities are known (OôDonnell, 2021). 
73 Perminova et al.ôs (2008) definition of uncertainty adopted in this study aligns more closely with Knightôs 

broad approach than with Keynesô narrow focus on the inability to assign probabilities to outcomes. 
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to the conceptual model of a system (Walker et al., 2003). This uncertainty dimension relates 

well to sources of dynamics that are exogenous to an innovation ecosystem, namely new 

entrants, the adoption of external artifact innovations, and the absorption of stochastically 

changing external conditions (subsection 2.1.5.2). Second, the level dimension of 

uncertainty refers to a knowledge continuum that ranges from statistical or measurement 

uncertainty, which is typically found in the natural sciences, via scenario uncertainty, which 

considers the possibility of multiple outcomes, to recognised ignorance, which accepts that 

functional relationships and statistical properties within a system are not understood (Walker 

et al., 2003). Regarding this uncertainty dimension, actors in innovation ecosystems are 

mostly confronted with scenario uncertainty because they typically deal with option spaces 

of desirable and undesirable value creation outcomes (Dattee et al., 2018). Third, the nature 

dimension of uncertainty can be either epistemic, namely driven by the imperfection of 

knowledge held by actors, or variable, that is social, economic, and technological 

developments lead to continuous changes in human and natural systems (Walker et al., 

2003). In innovation ecosystems, uncertainty is both epistemic due to the inherent 

complexity and interdependencies that obscure actorsô view of the ecosystemôs value 

blueprint (Dattee et al., 2018) and variable because the ongoing co-evolution of actors, 

activities, and artifacts dynamically affects actorsô positions and the links among them 

(subsection 2.1.5.3). 

When managing IP in innovation ecosystems, extant literature suggests that the degree 

of openness, the joint ownership of IP assets, actorsô choice of informal IP assets, and the 

probabilistic nature of formal IP rights are drivers of uncertainty (Czarnitzki et al., 2015; 

Gans et al., 2008; Granstrand & Holgersson, 2014; Huang, 2017). More specifically, as the 

degree of openness of actorsô IP strategies increases, the degree of control that actors possess 

over their shared IP assets decreases (Huang, 2017). This is because formal governance 

mechanism used in the more open common and public IP models, such as patent pledges 

and open access publication, stipulate little to no restrictions on the usage of shared IP by 

the receiving actors (subsection 2.2.2.1). Similarly, if actors do not resolve joint ownership 

of the foreground IP that results from their collaboration, lack of control will arise from both 

  



2.2 Intellectual Property Management in Innovation Ecosystems 53 

    

  

T
a

b
le

 2
.4

  
U

n
c
e

rt
a

int
y
 d

im
e

n
s
io

n
s r

e
la

te
d 

to
 d

y
n

a
m

ic
s
 a

n
d

 c
o-e

v
o
lu

ti
o

n
 i
n

 i
n

n
o
v
a
ti
o

n
 e

c
o
s
y
s
te

m
s
 a

n
d

 I
P

 m
a
n

a
g

e
m

e
n
t

;
 
a
u
t
h
o
r
ô
s
 
t
a
b
l
e

 

U
n
c
e
r
t
a
i
n
t
y
 

d
i
m
e
n
s
i
o
n

a
 

D
e
s
c
r
i
p
t
i
o
n

a
 

U
n
i
t

a
 

L
i
n
k
 
t
o
 
d
y
n
a
m
i
c
s
 
a
n
d
 
c
o

-e
v
o
l
u
t
i
o
n
 

i
n
 
i
n
n
o
v
a
t
i
o
n
 
e
c
o
s
y
s
t
e
m
s

 

C
o
r
r
e
s
p
o
n
d
i
n
g
 
I
P
 
s
p
e
c
i
f
i
c
 

u
n
c
e
r
t
a
i
n
t
y

 

L
o
c
a
t
i
o
n

 

  

I
d
e
n
t
i
f
i
e
s
 
w
h
e
r
e
 

u
n
c
e
r
t
a
i
n
t
y
 
m
a
n
i
f
e
s
t
s
 

i
t
s
e
l
f

 

  

C
o
n
t
e
x
t

 
b
 

b
 

E
x
t
e
r
n
a
l
 
i
n
p
u
t
s

 
E
x
o
g
e
n
o
u
s
 

s
o
u
r
c
e
s
 
o
f
 
d
y
n
a
m
i
c
s
 

(
s
u
b
s
e
c
t
i
o
n
 
2
.
1
.
5
.
2
)
;
 
e
.
g
.
 
r
e
g
u
l
a
t
o
r
y
 

c
h
a
n
g
e
s

 

- 
A
b
i
l
i
t
y
 
t
o
 
e
n
f
o
r
c
e
 
p
a
t
e
n
t
 
r
i
g
h
t
s
 

a
n
d
 
c
l
a
i
m
s
 
i
n
 
a
 
l
e
g
a
l
 
s
y
s
t
e
m
 

t
h
a
t
 
i
s
 
s
u
b
j
e
c
t
 
t
o
 
r
e
g
u
l
a
t
o
r
y
 

c
h
a
n
g
e
s

 

C
o
n
c
e
p
t
u
a
l
 
m
o
d
e
l

 
b
 

b
 

L
e
v
e
l

 

  

R
e
f
e
r
s
 
t
o
 
t
h
e
 
k
n
o
w
l
e
d
g
e
 

s
p
e
c
t
r
u
m
 
r
a
n
g
i
n
g
 
f
r
o
m
 

c
o
m
p
l
e
t
e
 
d
e
t
e
r
m
i
n
i
s
m
 
t
o
 

t
o
t
a
l
 
i
g
n
o
r
a
n
c
e

 

  

S
t
a
t
i
s
t
i
c
a
l
 
/
 

m
e
a
s
u
r
e
m
e
n
t

 

b
 

- 
P
a
t
e
n
t
 
a
p
p
l
i
c
a
t
i
o
n
 
p
r
o
c
e
s
s
 
a
n
d
 

g
r
a
n
t

 

S
c
e
n
a
r
i
o

 
O
p
t
i
o
n
 
s
p
a
c
e
s
 
o
f
 
d
e
s
i
r
a
b
l
e
 
a
n
d
 

u
n
d
e
s
i
r
a
b
l
e
 
v
a
l
u
e
 
o
u
t
c
o
m
e
s

 

- 
D
e
g
r
e
e
 
o
f
 
o
p
e
n
n
e
s
s
 
o
f
 
a
c
t
o
r
s
'
 

I
P
 
s
t
r
a
t
e
g
i
e
s

 

- 
J
o
i
n
t
 
o
w
n
e
r
s
h
i
p
 
o
f
 
I
P
 

a
s
s
e
t
s

 

- 
P
r
e
f
e
r
r
e
d
 
u
s
e
 
o
f
 
i
n
f
o
r
m
a
l
 
I
P
 

a
s
s
e
t
s

 

R
e
c
o
g
n
i
s
e
d
 
i
g
n
o
r
a
n
c
e

 
b
 

b
 

N
a
t
u
r
e

 
H
e
l
p
s
 
t
o
 
u
n
d
e
r
s
t
a
n
d
 
h
o
w
 

s
p
e
c
i
f
i
c
 
u
n
c
e
r
t
a
i
n
t
i
e
s
 
c
a
n
 

b
e
 
a
d
d
r
e
s
s
e
d

 

E
p
i
s
t
e
m
i
c

 
A
c
t
o
r
s
'
 
v
i
e
w
s
 
o
f
 
t
h
e
 
v
a
l
u
e
 
b
l
u
e
p
r
i
n
t
 

i
n
 
i
n
n
o
v
a
t
i
o
n
 
e
c
o
s
y
s
t
e
m
s
 
a
r
e
 

o
b
s
c
u
r
e
d
 
b
y
 
i
n
h
e
r
e
n
t
 

c
o
m
p
l
e
x
i
t
y
 

a
n
d
 
i
n
t
e
r
d
e
p
e
n
d
e
n
c
i
e
s

 

- 
P
r
e
f
e
r
r
e
d
 
u
s
e
 
o
f
 
i
n
f
o
r
m
a
l
 
I
P
 

a
s
s
e
t
s

 

- 
M
a
r
k
e
t
 
v
a
l
u
a
t
i
o
n
 
o
f
 
p
a
t
e
n
t
s
 
i
s
 

i
m
p
a
c
t
e
d
 
b
y
 
l
o
w
 
t
r
a
n
s
p
a
r
e
n
c
y
,
 

i
n
f
o
r
m
a
t
i
o
n
 
a
s
y
m
m
e
t
r
y
,
 
e
t
c
.

 

  
  

V
a
r
i
a
b
i
l
i
t
y

 
C
o
n
t
i
n
u
o
u
s
 
c
o

-e
v
o
l
u
t
i
o
n
 
o
f
 
a
c
t
o
r
s
,
 

a
c
t
i
v
i
t
i
e
s
,
 
a
n
d
 
a
r
t
i
f
a
c
t
s
 

(
s
u
b
s
e
c
t
i
o
n
 

2
.
1
.
5
.
3
)

 

- 
D
e
g
r
e
e
 
o
f
 
o
p
e
n
n
e
s
s
 
o
f
 
a
c
t
o
r
s
'
 

I
P
 
s
t
r
a
t
e
g
i
e
s

 

- 
J
o
i
n
t
 
o
w
n
e
r
s
h
i
p
 
o
f
 
I
P
 
a
s
s
e
t
s

 

- 
M
a
r
k
e
t
 
v
a
l
u
a
t
i
o
n
 
o
f
 
p
a
t
e
n
t
s
 
i
s
 

s
u
b
j
e
c
t
 
t
o
 
c
o
m
m
o
d
i
t
i
s
a
t
i
o
n
 

a
n
d
 
g
e
n
e
r
a
l
i
s
a
t
i
o
n
 
(
s
u
b
s
e
c
t
i
o
n
 

2
.
1
.
5
.
3
)

 

N
o
t
e
s
:

 
  

  
  

  

a B
a
s
e
d

 o
n
 
W
a
l
k
e
r
 
e
t
 
a
l
.
 
(
2
0
0
3
)

 
  

  
  

b
N
o
t
 
a
p
p
l
i
c
a
b
l
e

 
  

  
  

 



  Literature Review 54 

actorsô rights to license the foreground IP to third parties (Granstrand & Holgersson, 2014). 

In combination with the effects of dynamics and co-evolution on actorsô positions and links 

in innovation ecosystems (subsection 2.1.5), this diminishing degree of control over shared 

IP assets increases the IP specific uncertainties over time. This is because variability and the 

number of potential future IP access and usage scenarios increases as actors establish new 

links, engage in subsequent collaborations with recurring IP assembly and disassembly 

processes, and experience shifts in firm boundaries (Granstrand & Holgersson, 2013, 2014). 

As summarised in Table 2.4, the degree of openness in actorsô IP strategies and joint 

ownership of IP assets relate to the scenario-level and variability-nature dimensions of 

uncertainty. 

Open approaches in actorsô IP strategies are furthermore associated with a preference 

for informal IP assets, such as trade secrets, product or process complexity, and lead time 

advantage, for the protection of innovation and know-how from imitation (Zobel et al., 

2017). Informal IP assets however bear considerable uncertainty because they are subject to 

inadvertent disclosure by collaborating partners and knowledge spillovers to competing 

actors that opportunistically strive to imitate, develop, manufacture, and sell substitute 

products and services (Czarnitzki et al., 2015; Hall et al., 2014). For example, tacit 

knowledge and know-how in the form trade secrets may be independently developed, or 

reverse engineered by collaborating actors that possess the required means and necessary 

skills (Veer et al., 2016), thereby posing considerable uncertainty about future economic 

potential and FTO to the actor owning the trade secret (Holgersson & Wallin, 2017). As 

shown in Table 2.4, the preferred use of informal IP assets for protecting innovation and 

know-how from imitation can be related to the scenario-level dimension because the 

possibility of inadvertent disclosure and reverse engineering further widens the scope of 

potential future outcomes for actors in innovation ecosystems. Furthermore, the inherent 

unobservability of informal IP by third party actors (Hall et al., 2014) relates to epistemic-

nature dimension because it adds to the imperfection of knowledge that actors have about 

the ownership, access, and usage of informal IP assets. 

Formal IP assets, such as patents, copyrights, and design rights, address these 

uncertainty dimensions related to informal IP assets, for instance by mitigating inadvertent 
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knowledge spillovers and imitation through statutory rights (Czarnitzki et al., 2015). 

However, several scholars have associated formal IP assets and respective ownership rights, 

in particular patents, with probability and uncertainty with regards to their commercial 

value, validity, and scope (Hall et al., 2014; Lemley & Shapiro, 2005). More specifically, 

Gans et al. (2008) introduced a set of five patent specific uncertainties, namely patent grant, 

scope, pendency, enforcement, and market value uncertainty. The first three uncertainty 

types are closely linked to the process of patent application and grant with the applicable 

patent office and, as indicated in Table 2.4, can be related to the statistical-level dimension 

due to extensive descriptive statistics available from patent offices.74 Furthermore, patent 

enforcement uncertainty is dependent on actorsô ability to enforce their property rights in the 

given legal system (Gans et al., 2008), which, in turn, is typically subject to regulatory 

changes acting as an exogenous source of dynamics on an innovation ecosystem (subsection 

2.1.5.2).75 As shown in Table 2.4, the influence of regulatory changes on patent enforcement 

uncertainty can be related to the location dimension of uncertainty. Finally, patent market 

value uncertainty is linked to the commercial significance of the innovation being patented 

(Lemley & Shapiro, 2005). On one hand, the fair valuation of patents being traded between 

two actors is inherently impacted by low transparency, information asymmetries, and two-

sidedness (Granstrand et al., 2020). On the other hand, the commercial valuation of patents 

is constantly subject to co-evolutionary forces in innovation ecosystems, namely 

commoditisation and generalisation (subsection 2.1.5.3). As shown in Table 2.4, patent 

market value uncertainty can be related to both epistemic- and variability-nature dimension 

of uncertainty. Overall, while the IP management literature does consider IP specific 

uncertainties in sufficient detail to be linked to established dimensions of uncertainty, it is 

much less specific about their link to dynamics and co-evolution in innovation ecosystems 

as deduced in this subsection and summarised in Table 2.4. 

 
74 The USPTO (2023) reported that in 2020 a total of 183,147 patents were granted in the United States with 

47.1% originating from domestic origins and the remainder from foreign applicants. 
75 The creation of the Court of Appeals for the Federal Circuit and changes in attitude in favour of patents and 

licensing within the Antitrust Division of the Department of Justice in the United States during the early 1980s 

heralded the pro-patent era, in which patent validities were increasingly upheld and patent damages rose 

(Granstrand, 1999; Hanel, 2006). 
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2.2.3.2 Types of Intellectual Property Risks and Opportunities 

The International Organisation for Standardisation (ISO) defines risk as ñthe effect of 

uncertainty on objectivesò (ISO, 2009, p. 1). To distinguish between the positive and 

negative aspects of uncertainty, risk management scholars suggested that events with a 

negative impact on a project or business activity emerge as risks, and events with a beneficial 

impact appear as opportunities from uncertainty (Ahmed et al., 2007; Perminova et al., 

2008). Both risks and opportunities can be further characterised by the exposure, volatility, 

and severity that the affected actor or project may incur, as well as the likelihood with which 

the consequences may happen (ISO, 2009; Lam, 2014).76 Risks and opportunities also have 

a temporal dimension because they involve future outcomes and vary depending on the time 

horizon being considered (Bromiley et al., 2015). Risks and opportunities exhibit strong 

interdependencies as demonstrated by the example of supply chain related operational risks 

influencing a firmôs business risk in the form of its ability to serve customers and hold market 

share (Lam, 2014). Finally, Dattee et al. (2018) noted that actors in innovation ecosystems 

face risks and opportunities in the form of undesirable futures and desirable outcomes when 

collectively discovering new focal value propositions or engaging in newly emerging 

ecosystems. 

Risk and opportunity concepts vary considerably across the various business functions 

of a firm. For example, finance departments typically apply quantitative methods to perform 

asset-liability-management (Mulvey et al., 1997) or use derivative markets to hedge against 

exchange-rate risks (Froot et al., 1994), whereas supply chain professionals rather focus on 

environmental, industry, and organisational sources of adverse consequences (Rao & 

Goldsby, 2009). Management research, however, has yet to establish how practitioners and 

decision makers conceptualise various types of risks and opportunities at the firm level 

(Bromiley et al., 2015). Notwithstanding the lack of a risk and opportunity typology in 

academic literature, a set of major risk and opportunity types have been recognised by risk 

professionals in the context of the Enterprise Risk Management (ERM) approach as listed 

 
76 According to Lam (2014), a meaningful quantification of these concepts may not be achievable. 

Furthermore, ISO (2009) prefers the term ñlikelihoodò over the expression ñprobabilityò for the definition, 

measurement, or determination of event frequency because it encompasses both subjective and objective, as 

well as both qualitative and quantitative estimates. 
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in Table 2.5a (Lam, 2014).77 The list starts with strategic risks and opportunities, which 

capture the effects of macroeconomic conditions, competitive actions, and actorsô 

effectiveness in creating enterprise value through mergers and acquisitions, growth 

strategies, and product innovations (Lam, 2014). Another type is business risks and 

opportunities which comprise impacts on an actorôs market share, ability to acquire new 

customers, and value capture potential (Lam, 2014). According to Lam (2014), financial 

risks and opportunities represent a further type which delineates effects of financial and 

monetary markets on an actorôs profit and loss potential. Another relevant type is operational 

risks and opportunities, which result from single points of failure in a system or supply chain 

and can be linked to people, process failures, or external stochastic events, such as 

earthquakes or fire (Lam, 2014). Finally, regulatory risks and opportunities describe the 

effects of changes in the regulatory or legal environment, and reputational risks and 

opportunities capture impacts on an actorôs brand and reputation (Lam, 2014). 

The literature on IP specific risks and opportunities encountered by actors in 

innovation ecosystems is scarce, and a customised typology that aligns with established risk 

and opportunity types is largely missing. Nevertheless, IP management scholars have 

independently proposed several IP specific risk concepts, as listed in Table 2.5b. To begin 

with IP blocking describes the threat of strategic patenting by actors for the purpose of 

blocking other actors from using their patented invention or technology in the same or 

adjoining fields of application without interest to exploit the patent themselves (Blind et al., 

2006; Granstrand, 1999; Hall et al., 2014). Next, the closely related IP holdup problem may 

arise from the threat of injunction by an offensive patentee, particularly if the blocked actor 

is already heavily invested and committed in using the patented invention or technology 

through product design, manufacture, and market requirements (Lemley & Shapiro, 2007). 

Shapiro (2000) and Somaya (2012) suggested that the risks of IP blocking and IP holdup 

  

 
77 According to Bromiley et al. (2015), ERM finds its conceptual roots in European initiatives from the mid-

1970s to early 1980s, which advocated a more coordinated, multidisciplinary, and strategic approach to risk 

management. Today, ERM is understood as an integrated approach to managing risk portfolios at the firm 

level (Power, 2009), which incorporates, for example, strategic risks in addition to more traditional types of 

risks, such as product liabilities and accidents (Bromiley et al., 2015). 
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are particularly likely in complex multi-technology settings, such as the computer and 

semiconductor industries. Holgersson et al. (2018) furthermore observed offensive patenting 

and consequential holdup when Motorola aggressively entered the European mobile 

telecommunication innovation ecosystem.  

IP expropriation and IP misappropriation represent another pair of closely associated 

IP risk concepts that were identified by IP management scholars to be particularly relevant 

in collaborative settings and when dealing with informal IP assets. IP expropriation captures 

the threat of one collaborating partner opportunistically claiming ownership rights over the 

otherôs potentially valuable informal IP assets which do not enjoy strong legal protection, 

such as product or process complexity or information about an actorôs partnership network 

(Czarnitzki et al., 2015; Heiman & Nickerson, 2004). IP misappropriation, on the other hand, 

refers to the threat of unauthorised acquisition or intentional disclosure of trade secrets 

beyond the circle of actors that have authorised access through formal governance 

mechanisms (Crittenden et al., 2015; Granstrand et al., 2020), such as through NDAs 

(subsection 2.2.2.1). According to Czarnitzki et al. (2015), the risk of both IP expropriation 

and IP misappropriation would be particularly likely if the collaboration takes place 

horizontally between competitors and if legal protection of the shared IP assets is uncertain, 

such as during pending patent applications.  

Another IP specific risk concept that is relevant to collaborative settings between firms 

is IP leakage. In contrast to the opportunistic and intentional nature of the IP risk concepts 

discussed above, IP leakage refers to the negative impact of unconscious, uncontrolled, or 

unintentional transfer of knowledge and IP assets between collaborating actors (Veer et al., 

2016; Zobel et al., 2017). The likelihood of IP leakage increases particularly for focal firms 

in innovation ecosystems because the breadth of their collaborative activities, the 

concomitant diversity of collaborating actors, and the intensity of knowledge transfer and 

sharing of IP assets exacerbate effective control (Veer et al., 2016). 

IP depreciation is an IP specific risk concept that refers to the diminishing economic 

or commercial value of an IP asset. As the value of IP assets can be derived from many 

sources, variations can have multiple causes including changes in technology, the scope and 

degree of legal protection, and the range of potential applications (Granstrand, 1999; Hanel, 
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2006). In the context of co-evolution in innovation ecosystems, Holgersson et al. (2022) 

noted that the introduction of substitute IP assets could lead to commoditisation of 

incumbent IP assets that previously represented a unique complement of the focal value 

proposition, thereby causing their incremental value to decline (subsection 2.1.5.3). 

Furthermore, Granstrand & Holgersson (2014) highlighted the threat of jointly developed 

foreground IP suffering from diminished value because of collaborating actors 

independently developing substitute sideground or postground IP in parallel or after the 

collaboration project (subsection 2.2.2.2). 

Finally, IP litigation represents an IP specific risk concept that captures the threats 

associated with patenteesô judicial enforcement of patent rights and their pursuit of remedies 

for damages incurred through infringement of their patent (Granstrand, 1999). More 

specifically, IP litigation includes the possibility of a court of competent jurisdiction finding 

a patent to be invalid because of newly discovered prior art, the potential declaration of non-

infringement of patent claims as construed by the court, and the probability of recovery from 

litigation not substantially exceeding the actual litigation costs (Poltorak & Lerner, 2011).78 

This overview summarises IP specific risk concepts that were previously identified by IP 

management scholars but does not claim to represent an exhaustive list. Furthermore, the 

review of the relevant literature did not establish any conceptual links between major risk 

and opportunity types from the ERM context (Table 2.5a) and IP specific risk concepts in IP 

management literature (Table 2.5b), let alone any causal relationships to IP specific 

uncertainties and the underlying dynamics and co-evolution in innovation ecosystems. 

 

2.2.3.3 Techniques for Assessing and Treating Intellectual Property Risks and 

Opportunities 

The assessment and treatment of risks and opportunities are integral parts of a wider risk 

management process, which is defined as the ñsystematic application of management 

policies, procedures and practices to the activities of communicating, consulting, 

 
78 The risks associated with IP litigation are closely linked to the concept of probabilistic patents introduced 

by Lemley & Shapiro (2005) and extended by Gans et al. (2008). See subsection 2.2.3.1 for a detailed 

discussion. 
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establishing the context, and identifying, analysing, evaluating, treating, monitoring and 

reviewing riskò (ISO, 2009, p. 3).79 As illustrated in the diagram of the ISO 31000:2009 risk 

management process in Fig. 2.12, the assessment of risks and opportunities follows 

establishing the context and comprises three steps, namely identification, analysis, and 

evaluation.80 First, the identification step has the objective to systematically find, recognise, 

and describe risks and opportunities, including their sources, as well as event causes and 

potential consequences, based on historical data, lessons learnt, theoretical analysis, expert 

opinions, and stakeholder involvement (ISO, 2009; Purdy, 2010). Techniques for risk 

identification typically follow a collaborative approach to capture multiple perspectives 

from a wide experience base and use visual tools, such as cause-and-effect diagrams, failure 

mode and effect analysis tables, as well as fault and event trees (Ahmed et al., 2007). Second, 

the analysis step has the purpose of understanding each risk and opportunity, the magnitude 

of their consequences, and likelihoods, either in quantitative or qualitative terms (ISO, 2009; 

Purdy, 2010).81 Respective techniques tend to focus on aggregating individual risks and 

opportunities into clusters that can be managed at higher levels and include, for instance, 

probability and impact grids for emphasising the relative importance of risks and 

opportunities, fault and event tree analyses, as well as sensitivity analysis and simulation 

(Ahmed et al., 2007). Third, the evaluation step compares results from the previous risk and 

opportunity analysis, namely the magnitude of consequences and likelihoods, with actorsô 

or projectsô internal risk appetite, external standards, laws, or policies (ISO, 2009; Power, 

2009). Evaluation techniques generally aim for prioritising risks and opportunities for 

subsequent treatment and comprise, for example, decision tree analysis or portfolio 

management (Ahmed et al., 2007). 

 
79 According to Purdy (2010), the ISO risk management process and associated risk vocabulary reflect 

contributions from national and sector specific committees from 28 countries, thereby integrating the views of 

hundreds of risk management specialists. 
80 Establishing the context of the risk management process requires consideration of project or organisation 

internal and external parameters as terms of reference against which risks and opportunities can be evaluated 

(ISO, 2009). Next to standards, laws, policies and other requirements, Power (2009) suggested that the concept 

of risk appetite, namely the rationally determined amount of risk that an entity is willing to bear, represents 

another relevant parameter for the risk management process. 
81 Ahmed et al. (2007) noted that qualitative risk analysis techniques enable capturing expert opinions that can 

sometimes be more valuable to organisations than unreliable quantitative analyses. 
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Fig. 2.12  Overview of ISO 31000 risk management process and DIN 77006 IP risk management 

standard82  

 

As shown in Fig. 2.12, risk treatment follows risk assessment and is accomplished by 

improving existing controls or developing and implementing new controls for modifying 

risk consequences and likelihoods (Purdy, 2010). According to ISO (2009), treatment of 

negative consequences is also referred to as risk mitigation, whereas the treatment of 

positive effects is hereinafter denoted as opportunity exploitation. Purdy (2010) furthermore 

suggested that risk mitigation and opportunity exploitation typically iterate with the 

evaluation step of the risk and opportunity assessment process until internal risk appetite 

and external standards, laws, and policies are no longer exceeded. ISO (2009) proposed a 

set of options for mitigating risks and exploiting opportunities, which include first and 

foremost avoiding risks by discontinuing any activities associated with them or fostering 

opportunities by proliferating related activities. According to ISO (2009), risk mitigation 

 
82 Authorôs illustration; synthesised from ISO (2009) and DIN (2020b). 
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and opportunity exploitation furthermore comprise options for removing their sources, 

changing their likelihood and the magnitude of their consequences, sharing the risk or 

opportunity with other actors, and retaining the risk or opportunity by informed decision. 

Ahmed et al. (2007) distinguish between reactive approaches to risk and opportunity 

treatment, such as contingency plans, and proactive techniques, such as insurance. Overall, 

the ISO 31000 risk management process and the reviewed collaborative, visual, and 

integrating techniques offer a generic basis for the assessment and treatment of risks and 

opportunities but lack any customisation to the management of IP specific risks and 

opportunities in innovation ecosystems. 

Academic literature on the management of IP risks and opportunities is scarce and a 

discussion of how parts of the generic ISO 31000 risk management process can be translated 

to IP management in innovation ecosystems is largely missing. However, to address the 

considerable IP liability risks faced by actors in dynamic ecosystems, such as the mobile 

communication and information technology sectors, the German Institute for 

Standardisation (DIN) recently published the DIN 77006:2020-06 IP management standard 

(Wurzer et al., 2022).83 According to Wurzer et al. (2022), DIN 77006 provides guidance for 

both the implementation of IP risk and opportunity determination and treatment processes.84 

As shown in Fig. 2.12, DIN 77006 slightly deviates from the wider ISO 31000 risk 

management standard by focusing on IP risk and opportunity identification and evaluation 

during the assessment process and following the principles of avoiding commercial damage 

and securing FTO for the treatment of IP risks and opportunities (DIN, 2020b). Furthermore, 

DIN 77006 suggests a set of IP risk and opportunity treatment techniques, such as 

continuous monitoring of third partiesô IP related activities, constant examination of actorsô 

own and third partiesô products, services, and business models, as well as effective protection 

of informal IP to mitigate unauthorised access and knowledge spillovers (DIN, 2020b). 

 
83 The DIN 77006 IP management system requirement emerged from a DIN working committee in 2016 with 

the goal to create quality standards and specifications for IP management and represents a more specific and 

stricter version of ISOôs 56005 IP management standard (Wurzer et al., 2022). 
84 DIN 77006 is greatly influenced by the ISO 31000 risk management process and deliberately adopts the 

high-level structure of the ISO 9000 Quality Management System to facilitate the implementation of IP 

management processes as part of an organisationôs existing quality management system structure (OôConnell, 

2021; Wurzer et al., 2022). 
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Detached from ISO 31000 and DIN 77006, IP management scholars have 

independently proposed several techniques for the assessment and treatment of IP risks and 

opportunities in dynamic multi-invention contexts and innovation ecosystems, namely 

patent searching and IP analytics, defensive patenting and publishing, as well as formal 

technology governance. First, basic patent searching and more sophisticated IP analytics85 

assist in the process of analysing large IP datasets for the purposes of ascertaining state of 

the art, prior art, FTO and decision making in the business context (Aristodemou & Tietze, 

2018; Clarke, 2018). As indicated in Fig. 2.12, these techniques could be relevant to both IP 

risk and opportunity assessment as well as treatment because they support the monitoring of 

other actorsô IP related activities in the innovation ecosystem, such as offensive patenting, 

and help to anticipate related threats, such as IP blocking, holdup, and expropriation 

(subsection 2.2.3.2), albeit only for registered IP assets (Table 2.2). 

Second, defensive patenting and publishing enable actors to counter other actors 

(typically competitors) in their efforts to offensively patent an invention and to create the 

basis for an infringement claim (Blind et al., 2009; Granstrand, 1999; Holgersson & Wallin, 

2017). Defensive and offensive patenting are particularly relevant to ecosystem contexts 

marked by complex technologies and cumulative innovation, such as the semi-conductor, 

software, and mobile communication sectors, in which actors cultivate large patent 

portfolios as bargaining chips in patent disputes to avoid high litigation costs and to extort 

cross-licensing (Hall & Ziedonis, 2001; Holgersson et al., 2018; Noel & Schankerman, 

2013). As shown in Fig. 2.12, patenting and publishing could thus represent IP risk 

mitigation techniques that address the basic principle of securing an actorôs FTO, while also 

acting as a direct mitigation technique against offensive patenting and the related threats of 

IP blocking and holdup in innovation ecosystems (subsection 2.2.3.2). 

 

 
85 IP analytics is defined as ñthe data science of analysing large amount of intellectual property information, 

to discover relationships, trends and patterns in the data for decision makingò (Aristodemou & Tietze, 2018, 

p. 38). Furthermore, IP analytics is multidisciplinary and applies techniques from mathematics, statistics, and 

computer programming, such as artificial intelligence in the form of machine and deep learning, to gain 

valuable knowledge from data (Aristodemou & Tietze, 2018). 
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Third, the deployment of formal technology governance in the form of contracts and 

explicit contingency clauses enables actors to mitigate IP risks related to shared background 

IP and collaboratively created foreground IP during and after collaborative innovation 

projects in ecosystems (Granstrand & Holgersson, 2014; Henkel et al., 2013; Holgersson et 

al., 2018; Munsch, 2009).86 More specifically, the deployment of change-of-technology 

clauses enables collaborating actors to avoid co-ownership of jointly developed foreground 

IP (Granstrand & Holgersson, 2013, 2014).87 As indicated in Fig. 2.12, this contingency 

clause helps actors to mitigate the risk of IP leakage to competitors that could otherwise 

result from both co-ownersô right to sublicense foreground IP to third parties without needing 

the consent of the other co-owner (Granstrand & Holgersson, 2013). Furthermore, the 

implementation of field-of-use restrictions helps collaborating actors to limit the scope of 

application and authorised usage of their respective background IP and collaboratively 

created foreground IP (Shapiro, 2000). As documented in Fig. 2.12, this contingency clause 

could enable actors to mitigate the risk of IP depreciation by explicitly barring their 

collaborating peers from independently developing substitute or complementary sideground 

and postground IP that could diminish the value of the jointly created foreground IP 

(Granstrand & Holgersson, 2014). Overall, this review summarises both generic and IP 

specific risk management processes and standards, namely ISO 31000 and DIN 77006, and 

lists techniques that support actors in assessing and treating both generic and IP specific 

risks and opportunities. However, this review also shows that a framework that 

systematically relates these techniques to IP risk and opportunity types relevant to actors in 

innovation ecosystems (subsection 2.2.3.2) has thus far not been established. 

 

 
86 The type of contracts deployed in collaborative innovation projects typically include co-development or 

research and development agreements, inventor/designer contracts, marketing alliances, (cross) licenses, and 

joint venture agreements (Granstrand & Holgersson, 2013; Munsch, 2009). Furthermore, contingency clauses 

typically cover terms and conditions related to field-of-use, change-of-technology, change-of-control, no-

challenge, exclusivity, and termination (Granstrand & Holgersson, 2014; Munsch, 2009). 
87 Change-of-technology clauses can take different forms depending on the intended ownership and usage 

rights to novel foreground IP agreed between collaborating actors. According to Granstrand & Holgersson 

(2014), the assign-back model states that ownership of foreground IP is transferred by the licensee to the 

licensor of the underlying background IP, whereas the grant-back model stipulates that the licensee must 

license foreground IP back to the licensor of the underlying background IP while retaining ownership rights. 
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2.2.4 Final Remarks on Intellectual Property Management in Innovation 

Ecosystems 

This section first reviewed intellectual capital, intellectual assets, as well as formal and 

informal IP, and discussed how these concepts relate to the basic structural elements in 

innovation ecosystems, namely actors, activities, and artifacts. Subsequently, this section 

summarised IP models, respective formal governance mechanisms, IP modularity, and an IP 

typology for collaborative innovation projects. This summary included a description of how 

these concepts enable actors in innovation ecosystems to implement varying degrees of 

openness and to selectively share IP assets across links with collaborating peers in other 

positions for the purpose of collaborative value creation. Finally, this section reviewed the 

concepts of uncertainty, risk, and opportunity, both in the generic and IP specific contexts, 

and discussed how these concepts emerge from dynamics and co-evolution in innovation 

ecosystems. This review also included both generic and IP specific risk and opportunity 

management standards and listed techniques for their treatment. 

Overall, IP management scholars have noted that the multi-actor, multi-technology, 

and systemic contexts of innovation ecosystems, including simultaneous cooperation and 

competition among actors, activities, and artifacts, add another level of complexity that calls 

for new approaches to IP management (Holgersson et al., 2018). In other words, actors in 

innovation ecosystems need to develop new IP management capabilities that account for the 

multi-actor and systemic innovation context and enable them to appropriately balance and 

dynamically adapt their IP models and respective formal governance mechanisms for 

intended value creation and capture outcomes (Altman et al., 2022; Leten et al., 2013). These 

new IP management capabilities, in turn, necessitate tailored techniques for capturing IP 

specific uncertainties resulting from the complexity and dynamics in innovation ecosystems 

(Ahmed et al., 2007), for planning alternate future outcomes that materialise as IP risks or 

IP opportunities (Dattee et al., 2018; Wurzer et al., 2022), and for devising appropriate 

treatment measures in the form of strategic IP management decisions and contingencies in 

formal governance mechanisms (Altman et al., 2022; Granstrand & Holgersson, 2014; 

Munsch, 2009). This review showed, however, that a gap remains in extant IP management 
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literature for such tailored techniques and, in general, for establishing causalities between 

IP specific uncertainties and potential IP risk and opportunity concepts, and for linking them 

to effective mitigation and exploitation measures, respectively. 

 

 

2.3 Visual Methods in the Management Sciences 

The visualisation of complex data and dynamic phenomena has played a key role in 

scientific progress and has helped researchers to understand underlying models (Johnson et 

al., 2006; Pauwels, 2000).88 The main benefit of applying visualisation results from its 

unique ability to reduce large sets of experimental, simulated, and observational data rapidly 

and to exploit researchersô bandwidth of visual perception for their quantitative and 

qualitative analysis and interpretation (Johnson et al., 2006; van Wijk, 2005).89 Despite the 

increasing maturity of visualisation research, methods, and techniques in various fields, such 

as physics, engineering, and medicine, several challenges remain from user-centred, 

technical, and disciplinary perspectives (Chen, 2005).90 Ultimately, several researchers 

suggested that the process of effectively and efficiently discovering new knowledge in 

complex information and data through visualisation requires researchers to interact with 

applied methods and techniques and to continuously develop them further for the purposes 

of extending human cognitive abilities (Johnson et al., 2006; van Wijk, 2005). This iterative 

visualisation discovery process is illustrated in Fig. 2.13. 

 
88 This section 2.3 is based on Moerchel, A., Tietze, F., & Urmetzer, F. (2022). SVEL ï Introducing the 

Standardised Visualising Ecosystem Language for Temporally Capturing Competitive Dynamics in Evolving 

Innovation Ecosystems. Centre for Technology Management working paper series. Cambridge, UK. doi: 

10.17863/CAM.81902. This paper was additionally presented at the 29th Innovation and Product Development 

Management Conference in Hamburg, Germany, on July 17-19, 2022, and published as Moerchel, A., Tietze, 

F., & Urmetzer, F. (2023). Visualising dynamics in innovation ecosystems: A new method and demonstration 

in the commercial aircraft MRO ecosystem. Technovation, 128, 102856. doi: 

10.1016/j.technovation.2023.102856. 
89 According to van Wijk (2005), the visualisation research discipline emerged in the late 1980s and has since 

reached maturity due to the development of powerful graphics hardware and data visualisation techniques. 
90 In the context of information visualisation, Chen (2005) proposed ten unsolved problems that, for instance, 

include the usability of visual methods and techniques, the required level of prior user knowledge, their 

scalability with respect to hardware and user resources, and the shifting focus from the structure-centred 

paradigm to the visualisation of dynamic properties of phenomena. 
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Fig. 2.13  Model of the visualisation discovery process91 

 

The use of visual representations and artifacts, such as symbols, labels, spatial layouts, 

photographs, maps, and flow-charts, also brings researchers in the social sciences several 

benefits for data collection and analysis. These benefits include the complement of verbal 

and numeric modes of scientific discovery with visual means (Pauwels, 2000), the 

consequential possibility of discovering areas that have previously been overlooked (Bell & 

Davison, 2013), and the accurate, immediate, and holistic access to information without the 

need for protracted and laborious interpretation (Meyer et al., 2013; Zhang, 1997). Studies 

that exemplify the benefits of using visualisation in the social sciences include Langley & 

Truaxôs (1994) use of process flow-charts, as well as visual codes and concepts, to analyse 

large longitudinal sets of verbal data and Moody et al.ôs (2005) application of network flip 

books and dynamic movies for augmenting theoretical intuition in analysing dynamic social 

networks. 

Despite these advantages, the management sciences have been particularly slow to 

embrace the visual turn (Bell & Davison, 2013; Boxenbaum et al., 2018; Pauwels, 2000).92 

This resistance is mainly due to challenges related to demonstrating scientific rigour of 

visual studies and resulting difficulties in publishing visual research in scientific journals, 

which are driven by the inherent semiotic ambiguity of visual representations and lack of 

 
91 Based on van Wijk (2005); Ò 2005 IEEE. 
92 The visual turn refers to a change of direction and cumulative wave of interest across social science 

disciplines that shift researchersô attention towards exploiting the ubiquity, immediate and multisensory 

impact, and the cognitive power of visual media and artifacts for scientific discovery and knowledge generation 

(Bell & Davison, 2013; Boxenbaum et al., 2018). While the reviewed literature does not distinguish between 

the use of visual methods in quantitative and qualitative methods, this studyôs focus is on the application of 

visual methods in the qualitative paradigm (subsections 3.1.4 and 3.2.1). 
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cumulative theorising across epistemic communities (Bell & Davison, 2013; Boxenbaum et 

al., 2018; Pauwels, 2000).93 Several scholars have suggested that the more widespread 

diffusion and recognition of visual representations and artifacts in the management sciences 

require its integration with verbal and numeric channels into multimodal approaches (Bell 

& Davison, 2013; Boxenbaum et al., 2018; Meyer et al., 2013) and the application of 

established theory and methodology to visual data collection, analysis, and interpretation, 

including reflection on approaches and results (Pauwels, 2000).94 The following subsections 

first discuss the benefits of visual methods for innovation ecosystem research (subsection 

2.3.1). Subsequently, a systematic identification and critical review of existing visual 

methods for ecosystem research is conducted (subsections 2.3.2 and 2.3.3). 

 

2.3.1 Why Visual Methods for Innovation Ecosystem Research? 

The ecosystem-as-structure approach inherently confronts researchers with a plethora of 

constructs, namely actors, activities, artifacts, positions, and links, as well as the complex 

interdependencies resulting from modularity and unique complementarities (subsections 

2.1.3 and 2.1.4). Considering the IP management layer in innovation ecosystems further 

exacerbates the complexity of constructs that need to be handled by both researchers and 

practitioners (Holgersson et al., 2018) by adding another set of artifacts, namely formal and 

informal IP assets, and interdependencies, namely formal governance mechanisms 

(subsections 2.2.1 and 2.2.2). Furthermore, the endogenous and exogenous sources of 

dynamics, as well as the continuous co-evolution of actors, activities, and artifacts in 

innovation ecosystems add a temporal dimension to the capture and analysis of empirical 

data (subsection 2.1.5). While this high concentration of constructs offers a powerful 

conceptual framework for the identification, tracking, and understanding of dynamics, 

uncertainties, and risks when managing IP in innovation ecosystems, the resulting 

 
93 Visual representations ñconstitute a distinct sign system through which meaning and social knowledge is 

created, enacted, objectified and transmittedò (Boxenbaum et al., 2018, p. 603). So, researchers, users, and 

audiences of visualisation need prior knowledge on how to interpret the intended meaning (Chen, 2005). 
94 According to Phaal et al. (2004), one such multimodal approach is technology roadmapping, which 

ñrepresents a powerful technique for supporting technology management and planningò (Phaal et al., 2004, p. 

9) and typically uses verbal information in combination with bars, tables, graphs, and pictorial representations 

to capture and communicate both commercial and technological perspectives. 
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complexity in data collection, analysis, and interpretation challenges the natural human 

cognitive abilities of researchers and practitioners (Bach et al., 2014). Therefore, scholars 

have called for new methods, techniques, and approaches that support researchers and 

practitioners in navigating dynamics and co-evolution in innovation ecosystems and in 

identifying IP specific uncertainties, risks, and opportunities (Aarikka-Stenroos & Ritala, 

2017; Holgersson et al., 2018; Phillips & Ritala, 2019). 

Visualisation offers several advantages that promise to alleviate these challenges faced 

by researchers and practitioners. First, visualisation helps to digest the inherent multitude of 

constructs and respective complexity of interdependencies economically and efficiently by 

capturing them in a medium that caters for the unique abilities of human visual capacity 

(Johnson et al., 2006; van Wijk, 2005).95 Here, maps are particularly relevant because they 

enable the capture of snapshots of spatial and positional relationships among two or more 

elements of a system in a discrete fashion (Shehabuddeen et al., 2000). According to Spence 

(2014), nodes and links fundamentally and effectively represent relationships among 

elements (Fig. 2.14a), whereas sizes, shapes, textures, colours, and orientation can be used 

to visually encode the association, order, and quantity dimension (Fig. 2.14b). 

 

 

Fig. 2.14  (a) Basic representation of actors as nodes and relationships as links; and (b) illustration 

of the use of sizes, shapes, textures, colours, and orientation to visually encode association, order, 

and quantity96  

 
95 Researchers in computer science noted that human visual capacity is limited by physiological factors, which 

can lead to visual crowding, namely the human eyeôs failure when simultaneously tracking too many moving 

objects (Richer et al., 2023). 
96 Illustration (a) created by author; illustration (b) adapted from Spence (2014) and reproduced with 

permission from Springer Nature. 
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Recent examples of maps used to study complex ecosystems include Basole et al.ôs 

(2018) Ecoxight network visualisation in Fig. 2.15a, which quantitatively explores complex 

ecosystem structures, and Phillips & Sraiôs (2018) exploratory innovation ecosystem map in 

Fig. 2.15b, which was created to qualitatively identify boundaries of innovation ecosystems. 

 

 

 

Fig. 2.15  (a) Ecoxight network visualisation of a complex ecosystem; and (b) 

innovation ecosystem map for qualitative boundary identification97 

 
97 Illustration (a) used with permission of the Association for Computing Machinery, from Basole et al. (2018); 

permission conveyed through Copyright Clearance Center, Inc. Illustration (b) used with permission of World 

Scientific Publishing Co., Inc., from Phillips & Srai (2018); permission conveyed through Copyright Clearance 

Center, Inc. 
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Second, visualisation has inherent capabilities that are highly relevant to the analysis 

of dynamics and co-evolution in innovation ecosystems. More specifically, visualisation of 

longitudinal and time dependent data sets provides researchers and practitioners effective 

guidance in making sense of temporal relationships and in gaining insights from continually 

unfolding organisational activities (Bell & Davison, 2013; Meyer et al., 2013). According 

to Bach et al. (2014) visual techniques for encoding time for identifying, tracking, and 

understanding changes in dynamic networks include small multiples (i.e. snapshot 

comparisons), difference graphs, using the third spatial dimension, and animations. Their 

study furthermore suggested that users preferred small multiples and animations over 

difference graphs and the third spatial dimension because these techniques are more 

accurate, less distracting, and require less resources (Bach et al., 2014). The potential 

benefits of visualisation for capturing and analysing temporally ordered information are 

exemplified by Goeldner et al.ôs (2015) analysis of the emergence of care robotics 

technology. In this study, snapshot comparisons of social networks are used to illustrate the 

evolution of care robotics research networks over time based on patent and publication data 

(Fig. 2.16). 

Finally, the integration of visual artifacts with traditional verbal methods potentially 

uncovers insights into the structure and dynamics of innovation ecosystems that have 

previously been unseen by researchers and practitioners. These multimodal approaches have 

the potential to uncover richer insights during the engagement with actors in the field and 

offer a more complete multi-sensorial representation of social reality in organisations and 

management settings (Bell & Davison, 2013; Boxenbaum et al., 2018). Meyer et al. (2013) 

identified five different approaches to applying the visual mode in organisation and 

management science, of which two exemplify these advantages of combining the visual and 

verbal modes. First, the dialogical approach uses visualisation, such as photographs, 

drawings, and sketches, during the interview process with actors in the field to gain richer 

responses and deeper insights into their social realities (Meyer et al., 2013). Here, 

visualisations are either brought into the interview process or newly constructed by the 

interviewee and enable researchers to reduce their power-distance to research participants 
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by granting them a stronger voice. Second, the documentary approach integrates visual 

artifacts into the design and execution of the research process (Meyer et al., 2013). This 

approach typically creates visual artifacts primarily for documentary purposes, thereby 

enriching verbal and linguistic data from other sources. In summary, visualisationôs ability 

to reduce a multitude of constructs for human visual capacity, guide temporal navigation in 

time dependent data, and offer richer and deeper insights into social realities make it a highly 

capable research mode with the potential to advance the innovation ecosystem field. 

 

2.3.2 State-of-the-art of Visual Methods for Ecosystem Research 

To ascertain the state-of-the-art in existing visual methods for ecosystem research, a 

systematic search of relevant literature was conducted followed by a critical review of 

identified method clusters.98 More specifically, the systematic search was executed by using 

the Scopus electronic database and searching for the keywords ñecosystemò, ñdynamicò, 

and ñevolutionò, in combination with either ñvisualisationò or ñmappingò.99 This choice of 

keywords ensured that concept domains relevant to the objectives of this study were covered 

(Xiao & Watson, 2019), namely visualisation (or synonymously mapping) of dynamic 

processes, and co-evolution in innovation ecosystems. As shown in Fig. 2.17, the initial 

search returned 1,816 peer-reviewed, scientific journal articles, conference proceedings, and 

books. The subsequent application of inclusion criteria, namely the limitation to journal 

articles, conference papers, and reviews to ensure quality of reviewed literature, as well as 

the restriction to relevant subject areas, namely computer science, engineering, social 

sciences, business, management and accounting, decision sciences, economics, the arts and 

 
98 Following a systematic approach to searching extant literature enables the identification of all known 

relevant visual methods that fit pre-specified inclusion criteria and minimises bias by ensuring a replicable, 

scientific, and transparent process (Grant & Booth, 2009; Snyder, 2019; Tranfield et al., 2003). Furthermore, 

the subsequent critical review helps to reveal weaknesses and inconsistencies in these relevant visual methods 

by comparing them to a set of criteria that are established based on this studyôs objectives (Pare et al., 2015; 

Xiao & Watson, 2019). 
99 Combining these keywords with Boolean operators ñANDò and ñORò to join concept domains and include 

synonyms, respectively, (Xiao & Watson, 2019) resulted in the following search strings: TITLE-ABS-KEY 

("ecosystem" AND "dynamic" AND ("visuali?ation" OR "mapping") ); TITLE-ABS-KEY ("ecosystem" AND 

"evolution" AND ("visuali?ation" OR "mapping") ). Furthermore, Scopus was chosen because, since its launch 

in 2004, it has developed into a world-leading and widely used citation database in meta-analysis related 

studies (Zhu & Liu, 2020). 



2.3 Visual Methods in the Management Sciences 75 

humanities, and multidisciplinary subjects, further reduced the search results to 762 records. 

Screening their titles led to the exclusion of any records unrelated to the objectives of this 

study (Xiao & Watson, 2019) and further decreased the search results to 30 records. Finally, 

a subsequent backward and forward search for studies that were cited by or cite the already 

identified records (Xiao & Watson, 2019) revealed additional four relevant studies bringing 

the total number to 34 records. 

 

 

Fig. 2.17  Overview of systematic search and critical review process100 

 

After systematically identifying and screening the 34 relevant records, the visual 

methods presented therein were clustered and critically reviewed with respect to three 

relevant criteria. First, clustering was accomplished based on the methodological affiliation 

that is documented in each study. For example, Phillips & Srai (2018) state that ñduring 

[their] 23 interviews, draft ecosystem maps were made, supplemented by other evidenceò 

(Phillips & Srai, 2018, p. 5), so this study was affiliated with the ecosystem mapping cluster. 

Subsequently, the critical review was accomplished with respect to the following three 

criteria: (i) capturing static structure by visually representing ecosystem basic elements (i.e. 

actors, activities, artifacts, positions, and links), (ii) visualising sources of dynamics that are 

endogenous or exogenous to the ecosystem, and (iii) mapping structural changes and co-

evolution in ecosystems. Scoring of each of the 34 visualisation methods with respect to the 

 
100 Authorôs illustration 
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three evaluation criteria was based on a five-point Likert scale.101 Furthermore, a single 

composite index was subsequently calculated as a weighted average, whereas scores for 

criteria (ii) and (iii) counted twice to account for this studyôs focus on capturing dynamics 

and co-evolution in innovation ecosystems. 

In summary, the systematic search identified eight visual method clusters for 

ecosystem research. Fig. 2.18 shows example visualisations for each of the eight method 

clusters, including ecosystem mapping (Fig. 2.18a), Ecosystem Pie Model (Fig. 2.18b), 

social / co-citation network analysis (Fig. 2.18c), path / evolution mapping (Fig. 2.18d), 

node-edge network analysis (Fig. 2.18e), System Dynamics (Fig. 2.18f), node / Agent-Based 

Models (Fig. 2.18g), and mind mapping (Fig. 2.18h).102 Table 2.6 summarises the findings 

from the critical review of each visualisation method cluster by documenting their strengths 

and weaknesses and citing respective journal and conference papers. The following 

subsections briefly describe the eight visualisation method clusters and discuss example 

studies. 

 

  

 
101 A five-point Likert scale was used because it represents a scientifically accepted and validated technique 

for ranking an itemôs quality (Allen & Seaman, 2007; Joshi et al., 2015). With respect to the three critical 

review criteria, the five-point Likert scale ranged from the low extreme value óvery weak focusô (numeric value 

ó1ô) to the high extreme value óvery strong focusô (numeric value ó5ô) in equidistant intervals with the central 

option being óneutralô (numeric value ó3ô). 
102 Illustration (a) is reprinted from Ghazinoory et al. (2020), with permission from Elsevier Ltd; illustration 

(b) by Talmar et al. (2020) is licensed under CC BY 4.0; illustration (c) by Réale et al. (2020) is reproduced 

with permission from Springer Nature; illustration (d) by Liu et al. (2020) is licensed under CC BY 4.0; 

Illustration (e) used with permission of the Association for Computing Machinery, from Basole et al. (2018), 

permission conveyed through Copyright Clearance Center, Inc.; illustration (f) is based on Yung et al. (2022), 

Ò 2020 IEEE; illustration (g) by Xiao et al. (2019) is reprinted by permission of Informa UK Limited, trading 

as Taylor & Francis Group, http://www.tandfonline.com; and illustration (h) by Passaro et al. (2020) is licensed 

under CC BY 4.0. 
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Fig. 2.18  (a) Ecosystem map from Ghazinoory et al. (2020); (b) Ecosystem Pie Model (EPM) from 

Talmar et al. (2020); (c) co-citation network analysis from Réale et al. (2020); (d) technology path / 

evolution map from Liu et al. (2020); (e) harp view in node-edge network analysis from Basole et 

al. (2018); (f) System Dynamics (SD) causal loop diagram from Yung et al. (2022); (g) Agent-Based 

Modelling (ABM) from Xiao et al. (2019); and (h) mind mapping from Passaro et al. (2020)  
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2.3.2.1 Ecosystem Mapping 

Ecosystem mapping is a method that allows researchers and practitioners to visualise and 

understand actorsô external complexity in business and innovation ecosystems (Urmetzer, 

Gill, et al., 2018). As exemplified by Ghazinoory et al.ôs (2020) visualisation of the Lalejin 

ceramics and pottery sector in Fig. 2.18a, ecosystem mapping relies on shapes, colours, 

edges, and arrows to represent basic elements of ecosystem structure including various types 

of actors, activities, positions, and links. Furthermore, ecosystem maps are typically 

associated with qualitative studies and created jointly by researchers and research 

participants during the interview process in a dialogical approach (e.g., Phillips & Srai, 

2018; Urmetzer, Gill, et al., 2018), whereas some studies have also exhibited a documentary 

approach by applying ecosystem mapping in the analysis and reporting of empirical data 

(e.g., Ghazinoory et al., 2020). 

 

2.3.2.2 Ecosystem Pie Model 

The Ecosystem Pie Model (EPM) was devised as a visual strategy tool that supports 

researchers and practitioners to map, design, and analyse innovation ecosystems in the 

structuralist tradition (Talmar et al., 2020). This visualisation method uses a unique template, 

namely the EPM tool, to bring relevant ecosystem constructs, such as the focal value 

proposition, actors, resources, activities, and relationships among them into context through 

an arrangement of concentric circles. As shown in Fig. 2.18b, partitioning of the EPM tool 

into sectors and using colour coded post-its allows distinguishing among the various actor 

profiles in the ecosystem, namely direct chain actors (or suppliers), subsystem actors (or 

complementors), and users (or customers). According to Talmar et al. (2020), the EPM tool 

has been improved through numerous iterations and applications in diverse real-world 

settings and is designed to be applied jointly with practitioners in a dialogical approach. 

 

2.3.2.3 Social / Co-citation Network Analysis 

Social Network Analysis (SNA) and co-citation network analysis originate from sociology 

and are often applied to observe and analyse large and complex networks over time, such as 
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digital communication networks (Trier, 2008), supply networks (Sloane & Oreilly, 2013), 

open-source ecosystems (Teixeira et al., 2016), and research networks (R®ale et al., 2020). 

As shown in Fig. 2.18c, SNA and co-citation network analysis typically use nodes to 

represent actors or artifacts and edges or links to visualise relationships between two nodes. 

The size and colour of nodes, and the thickness of edges can be used to visually capture the 

centrality (i.e. the number of relationships) of actors and artifacts, their cluster affiliation, 

and the strength of relationships among them, respectively (R®ale et al., 2020; Trier, 2008). 

According to Trier (2008), various SNA measures, such as network size, density, and 

centrality, describe network structures quantitatively, and computer aided dynamic network 

visualisations facilitate the discovery of unusual patterns and temporal effects. SNA and co-

citation network analysis are typically associated with documentary approaches due to their 

focus on the analysis and visualisation of existing data sets (Teixeira et al., 2016; Trier, 

2008). 

 

2.3.2.4 Path / Evolution Mapping 

Path and evolution mapping enables the visualisation of interactions among actors, 

activities, and artifacts, as well as resulting changes over time (Liu et al., 2020; Pagano & 

Neubert, 2015). Therefore, path and evolution maps usually visualise interactions as events 

along timelines (Pagano & Neubert, 2015) and use various shapes and colours to indicate 

the consequential evolution of actors and artifacts, as shown in Fig. 2.18d. Studies have 

embedded path and evolution mapping both as interactive tools in dialogical approaches, 

such as to analyse collaborative value creation in ecosystems (Pagano & Neubert, 2015), 

and as visualisation tools in documentary approaches, for instance, to effectively 

communicate data from bibliometric analyses of technology evolutions (Liu et al., 2020). 

 

2.3.2.5 Node-Edge Network Analysis 

Node-edge network analysis methods have been applied widely to investigate inherent 

multiplex relationships, understand ecosystem dynamics, provide triangulated insights to 

researchers and practitioners, and facilitate mixed-method research approaches (Basole et 
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al., 2018; Battistella et al., 2013; Rothe et al., 2018). This method cluster is closely related 

to SNA because it also uses nodes, edges, and network measures to capture ecosystem 

structure.103 However, it distinguishes itself from SNA by focussing on visualising structural 

changes and evolutionary trends in ecosystems (Battistella et al., 2013), as exemplified by 

Basole et al.ôs (2018) harp view shown in Fig. 2.18e, which depicts older relationships 

between actors or artifacts as curved edges. Node-edge network analysis methods are often 

integrated in mixed-method research methodologies and are applied to interactively explore 

visualised quantitative and qualitative data of co-evolution in ecosystems (e.g., Nischak & 

Hanelt, 2020; Rothe et al., 2018). Overall, this cluster of visualisation methods enables 

researchers and practitioners to capture and analyse large networks with complex 

relationships and rich attributes. 

 

2.3.2.6 System Dynamics 

System Dynamics (SD) essentially is a quantitative simulation and modelling method that 

builds on system thinking and feedback concepts from control theory (Bala et al., 2017; 

Yung et al., 2022). Causal loop diagrams such as the one shown in Fig. 2.18f are at the core 

of the SD method and capture causal mechanisms between variables that describe dynamic 

behaviours of actors, activities, and artifacts (Bala et al., 2017; Yung et al., 2022). SD has 

been applied to inform policies for the promotion of vitality and vibrancy in entrepreneurial 

ecosystems (Auerswald & Dani, 2017) and to understand the evolution of relationships 

among academic, governmental, and private actors in the space high-tech innovation 

ecosystem (Yung et al., 2022). 

 

2.3.2.7 Agent-Based Modelling 

Agent-Based Modelling (ABM) assumes that a system consists of autonomous entities, so-

called agents, which continually assess their situation and act upon a predefined set of rules 

(Bonabeau, 2002). In the context of ecosystem research, ABM has been adopted to simulate 

 
103 Node-edge network analyses also consider several network measures for characterising ecosystems, such 

as network density for capturing ecosystem cohesiveness and interaction intensity, as well as centrality metrics 

for expressing relative power of nodes in the network (Nischak & Hanelt, 2020; Rothe et al., 2018). 
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complex dynamic interactions among actors in manufacturing service ecosystems (Xiao et 

al., 2019) and to model the evolution of agent behaviour in predator-prey ecosystems (Gras 

et al., 2009). As illustrated by Xiao et al.ôs (2019) manufacturing service ecosystem 

evolution processes in Fig. 2.18g, ABM visualisations typically serve a documentary 

purpose and support researchers in observing emergent phenomena that are difficult to 

understand and predict (Bonabeau, 2002). 

 

2.3.2.8 Mind Mapping 

According to Tee et al. (2014) mind mapping is a visual technique that allows users to 

organise facts, information, and thoughts related to a central topic. It typically uses lines to 

connect a central theme to a set of keywords, which are in turn linked to ideas, codes, or 

symbols (Tee et al., 2014). As illustrated in Fig. 2.18h, colours are additionally used either 

to distinguish between hierarchical levels, namely central themes, keywords, and ideas, or 

to differentiate between different categories in qualitative research designs. In the ecosystem 

research context, mind mapping has been applied to document results from analysing the 

evolution of digital start-up firms in entrepreneurial ecosystems (Passaro et al., 2020) and to 

map results from coding narrative ecosystems of conspiracy theories in online discussion 

forums (Introne et al., 2020). 

 

2.3.3 Evaluation of Existing Visual Methods for Ecosystem Research 

The critical review of the state-of-the-art of visual methods for ecosystem research suggests 

that five of the eight method clusters have a composite index of 2.9 or above (Table 2.6), 

which indicates at least a neutral rating with respect to the three evaluation criteria 

(subsection 2.3.2). This set of method clusters comprises, in descending order based on their 

composite indices, ecosystem mapping (VM1), EPM (VM2), SNA / co-citation network 

analysis (VM3), path / evolution mapping (VM4), and node-edge network analysis (VM5). 

First, visualisation methods in cluster VM1, such as Ghazinoory et al. (2020) and 

Urmetzer, Gill, et al. (2018), excel at evaluation criterion (i) by providing detailed 

representations of ecosystem basic elements, namely actors, activities, artifacts, and 
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relationships among them. However, VM1 methods satisfy evaluation criterion (iii) to a 

lesser degree because they only implicitly capture structural changes in ecosystems through 

snapshot comparisons at discrete time intervals. Furthermore, method cluster VM1 struggles 

with evaluation criterion (ii) due to its inability to effectively represent sources of dynamics 

in ecosystems. 

Second, method cluster VM2 performs well with respect to evaluation criterion (i) and 

achieves this with its unique ability to capture intricate relationships between ecosystem 

relevant constructs at the actor-level, such as resources, value creation, and incurred risks 

pertaining equitable value capture. To satisfy evaluation criteria (ii) and (iii), however, 

method cluster VM2 would require separate documentation to capture structural changes 

and to infer sources of dynamics from intricate representations of inter-actor relationships. 

Third, the two closely related method clusters VM3 and VM5, such as Trier (2008) 

and Basole et al. (2018), respectively, also perform well in relation to evaluation criterion 

(i) because the standardised use of nodes and edges enables the efficient representation of 

large and complex networks of actors and artifacts, albeit to a limited extent with respect to 

encoding additional attributes. Concerning evaluation criterion (iii), method clusters VM3 

and VM5 exhibit neutral performance on average as they rely on snapshot comparisons at 

discrete time intervals or simulations for the capture and analysis of structural changes, 

which typically becomes cognitively challenging for researchers and practitioners in case of 

large and dense networks. Regarding criterion (ii), sources of dynamics are only implicitly 

discernible through tracking of quantitative network measures, such as network density for 

capturing interaction intensity and centrality for expressing relative power of nodes in 

networks. 

Finally, method cluster VM4 excels in relation to evaluation criterion (ii) because it is 

specifically designed for visualising sources of dynamics in ecosystems as exemplified by 

Pagano & Neubert (2015). Furthermore, this method cluster performs well with respect to 

evaluation criterion (iii) because it enables the visualisation of co-evolution in ecosystems 

as illustrated by Liu et al.ôs (2020) technology path mapping (Fig. 2.18d), which traces 

temporal changes of actors and artifacts. The inherent focus on longitudinal phenomena in 

ecosystems however impacts method cluster VM4ôs effective capture of spatial structure and 
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relationships among ecosystem basic elements, thus compromising its performance 

concerning criterion (i). 

Overall, each of these five method clusters excels in at least one of the three evaluation 

criteria, that is either capturing ecosystem static structure, illustrating sources of dynamics, 

or representing structural changes over time. In summary, none of the systematically 

identified and critically reviewed visual methods were found to holistically combine the 

visual capture and analysis of static structure, dynamic processes, and co-evolution in 

innovation ecosystems. 

 

2.3.4 Final Remarks on Visual Methods in the Management Sciences 

This section provided an overview of visual methods in the management sciences and for 

ecosystem research specifically. First, the benefits of applying visual methods in the 

management sciences were described, including their integrability with other modes of 

research, their potential to uncover previously overlooked areas of inquiry, and their ability 

to provide researcher and practitioners with holistic and immediate access to large and 

complex sets of empirical data. Subsequently, the challenges that impede the widespread 

diffusion of visualisation methods in the management sciences were discussed, namely a 

perceived lack of theorisation and scientific rigour by the academic community. Then, 

reasons for the suitability of visual methods for ecosystem research were discussed, namely 

their potential for digesting the inherent multitude and complexity of constructs, their ability 

to capture and analyse temporally ordered information, and their flexibility to integrate with 

traditional research designs based on verbal methods. Finally, this section systematically 

identified and critically reviewed eight existing visual method clusters that have previously 

been applied in ecosystem related studies. 

The results from the critical review of existing visual methods for ecosystem research 

suggest that ecosystem mapping (i.e. method cluster VM1) is the most developed and 

promising ecosystem visualisation method. While ecosystem mapping demonstrates 

adequacy in terms of capturing an ecosystemôs static structure by explicitly visualising 

ecosystem basic elements, such as actors, activities, artifacts, and the multiplicity of 

relationships among them, it focuses less on visually representing sources of dynamics that 
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are endogenous or exogenous to the ecosystem and mapping structural changes over time. 

Thus, a gap remains in the capabilities of the ecosystem mapping visual method cluster for 

the capture and analysis of dynamic processes and co-evolution in innovation ecosystems. 

Furthermore, the integration of IP artifacts and respective relationships and 

interdependencies in the visual capture and analysis of dynamic processes and co-evolution 

in innovation ecosystem has not been addressed by any of the systematically identified and 

critically reviewed visual methods for ecosystem research. These remaining gaps agree well 

with recent calls for new methodological approaches and research designs that combine the 

verbal and visual modes of enquiry, contribute to process- and practice-oriented theories, 

and involve both researchers and research participants (Bell & Davison, 2013). Such visual 

methods could potentially enable researchers and practitioners to collaboratively develop a 

deeper understanding of spatially and temporally dynamic organisational processes in 

innovation ecosystems and IP management (Aarikka-Stenroos & Ritala, 2017; Holgersson 

et al., 2018). 

 

 

2.4 Gap in Existing Literature 

As a basis for meeting this studyôs objective to develop and demonstrate visual methods, 

processes, and tools for capturing and analysing dynamics, uncertainties, and risks when 

managing IP in innovation ecosystems, this review covered three relevant bodies of 

literature. These include innovation ecosystems, IP management in innovation ecosystems, 

and visual methods in the management sciences. This section first summarises the gaps 

remaining in these bodies of literature with respect to this studyôs objective (subsection 

2.4.1) and subsequently derives a relevant set of three research questions to be addressed in 

the remainder of this study (subsection 2.4.2). 

 

2.4.1 Summary of the Research Gaps in Relevant Literature 

The review of the ecosystem literature stream showed that contributions by Adner (2017), 

Adner & Kapoor (2010), Altman et al. (2022), Granstrand & Holgersson (2020), and 
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Jacobides et al. (2018) have advanced the theorisation of the innovation ecosystem concept. 

More specifically, these studies substantiated its relevance in explaining coordination of 

non-generic complementarities in collaborative value creation and conceptualised 

intermediate governance structures that lie between hierarchies and markets. However, 

according to Aarikka-Stenroos & Ritala (2017), Jacobides et al. (2018), and Phillips & Ritala 

(2019), dynamic processes and co-evolution of basic ecosystem elements, including actors, 

activities, artifacts, and the relationship among them remain undertheorised. Furthermore, 

these scholars have called for new research designs and methods that explicitly take a 

temporal perspective (Phillips & Ritala, 2019), generate a deeper understanding of dynamics 

and co-evolution in innovation ecosystems (Aarikka-Stenroos & Ritala, 2017), and support 

practitioners in maximising the exploitation of ecosystem internal and external resources 

(Holgersson et al., 2022). Thus, a gap persists in the methods toolbox of researchers and 

practitioners for the temporal capture and analysis of dynamic processes and co-evolution 

in innovation ecosystems. 

The subsequent review of IP management literature revealed several concepts that are 

relevant to the multi-invention (Somaya et al., 2011), open (Chesbrough & Ghafele, 2014), 

and collaborative innovation context (Granstrand & Holgersson, 2013) in innovation 

ecosystems. These include Henkel et al.ôs (2013) IP modularity, Granstrand & Holgerssonôs 

(2014) typology of IP for collaborative innovation, and Vimalnath et al.ôs (2020, 2022) 

typology of IP models and respective contract types for sharing IP assets. However, very 

few studies have linked these relevant IP management concepts to dynamics and co-

evolution in innovation ecosystems, most notably Holgersson et al.ôs (2018) longitudinal 

study of strategic IP management evolution in the mobile telecommunication innovation 

ecosystem. Furthermore, extant IP management literature seems to only loosely and 

independently discuss the emergence of IP specific uncertainties (e.g., Dattee et al., 2018; 

Granstrand & Holgersson, 2014) and consequential IP risks and opportunities (e.g., Lemley 

& Shapiro, 2007; Zobel et al., 2017), while leaving their conceptual link to dynamics and 

co-evolution in innovation ecosystems largely underexplored. Thus, a research gap seems 

to prevail in IP management literature between relevant IP management concepts on the one 

hand and dynamics and co-evolution in innovation ecosystems on the other hand. This 
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review furthermore suggested that a gap remains for tailored techniques that enable 

researchers and practitioners to establish causalities between IP specific uncertainties and IP 

risk and opportunity concepts and link them to effective mitigation and exploitation 

measures, respectively. 

Finally, the review of visual methods in the management sciences revealed several 

benefits that are relevant to ecosystem research, such as their ability to reduce large and 

complex sets of empirical data and to activate researchersô visual capacity (Johnson et al., 

2006; van Wijk, 2005). However, the diffusion of visualisation methods in management 

research designs stagnates at a modest level due to perceived lack of scientific rigour by the 

academic community (Bell & Davison, 2013; Boxenbaum et al., 2018). The subsequent 

systematic identification of the state-of-the-art in visual methods for ecosystem research 

uncovered eight method clusters, including ecosystem mapping (e.g., Ghazinoory et al., 

2020; Urmetzer, Gill, et al., 2018), EPM (Talmar et al., 2020), and SNA / co-citation network 

analysis (e.g., R®ale et al., 2020; Trier, 2008). As articulated by the critical review of these 

eight method clusters, a gap remains for visual methods that combine the abilities to capture 

and analyse static structure, dynamic processes, and co-evolution in innovation ecosystems. 

 

2.4.2 Derivation of the Research Questions 

Three sequential research questions were derived from the identified research gaps in the 

relevant bodies of literature, as shown in Fig. 2.19 and listed in section 1.2. The first research 

question RQ1 is influenced by gaps in the innovation ecosystem and visual methods in the 

management sciences literature. More specifically, RQ1 addresses the gap in the methods 

toolbox of researchers and practitioners for the temporal and visual capture and analysis of 

static structure, dynamic processes, and co-evolution in innovation ecosystems. 

The second research question RQ2 is informed by gaps in the literature on IP 

management in innovation ecosystems and visual methods in the management sciences. As 

indicated in Fig. 2.19, it addresses the need for a conceptual link between dynamic processes 

and co-evolution in innovation ecosystems and relevant IP management concepts. RQ2 

extends the previous research question RQ1 to additionally capturing and analysing IP 
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management concepts in conjunction with dynamic process and co-evolution in innovation 

ecosystems. 

The third research question RQ3 derives from literature on managing IP specific 

uncertainties, as well as the resulting risks and opportunities. As shown in Fig. 2.19, it 

addresses the need for research- and practice-oriented tools and techniques that identify IP 

risks and opportunities and link them to effective mitigation and exploitation measures, 

respectively. RQ3 extends the previous research questions RQ1 and RQ2 to visually 

capturing and analysing potential IP risk and opportunity concepts, as well as possible 

treatment options in innovation ecosystems. 

 

 

 

Fig. 2.19  Overview of the research questions in this study104 

 

 

 

 
104 Authorôs illustration 
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2.5 Chapter Summary 

This chapter provided a narrative review of three bodies of literature that were deemed 

relevant to the objective of this study to develop and demonstrate visual methods, processes, 

and tools for capturing and analysing dynamics, uncertainties, and risks when managing IP 

in innovation ecosystems. This review first covered the innovation ecosystem literature 

stream (section 2.1), in which this studyôs conceptual grounding in Adnerôs (2017) 

ecosystem-as-structure approach was established. Furthermore, the roles of modularity and 

non-generic complementarities were highlighted, and the effects of endogenous and 

exogenous sources of dynamics on co-evolution of basic elements in innovation ecosystems 

were described. Subsequently, relevant IP management concepts were reviewed (section 

2.2), which included IP modularity, various types of IP for collaborative value creation, and 

a typology of IP models with respective types of contracts. This section also covered the 

emergence of IP uncertainties from dynamics and co-evolution in innovation ecosystems, 

consequential IP risk and opportunity concepts, and established risk management standards 

and processes. Finally, literature on visual methods in the management sciences was 

reviewed (section 2.3), which included the benefits they bring to ecosystem research, as well 

as the systematic identification and critical evaluation of the state-of-the-art in visual 

methods for ecosystem research. This chapter closed with a summary of the research gaps 

identified in the relevant bodies of literature and a derivation of the research questions 

(section 2.4). 

 

 



 

 

 

 

Chapter 3  

Methodology 

 

This chapter provides an overview of the research philosophical stance and the 

methodologies applied to meet the objective of this study, namely, to develop and 

demonstrate visual methods, processes, and tools for capturing and analysing dynamics, 

uncertainties, and risks when managing IP in innovation ecosystems. First, philosophical 

considerations are discussed, including the ontological and epistemological perspectives, 

and the research strategy is described (section 3.1). Subsequently, the overall research design 

and the methodologies for addressing each of the three research questions are presented 

(section 3.2). This chapter closes with an explanation of how research quality is ensured, 

and ethics standards are safeguarded (section 3.3). 

 

 

3.1 Philosophical Considerations and Positioning 

The subject of this study essentially is the behaviour of social actors, namely organisations 

and people, in a closely defined community, namely the innovation ecosystem (section 2.1), 
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and how they treat artefacts to which they ascribe a particular meaning and value, namely 

IP (section 2.2). Owing to this strong affiliation with the social sciences and business 

research, the research methodology in this study is influenced by a coherent research 

paradigm and its closely interrelated constituents (Bryman & Bell, 2015; Robson & 

McCartan, 2016), namely the researcherôs view of social reality, the primary purpose of the 

research, and the conceptual framework in which this study is embedded (Bryman & Bell, 

2015). This section examines the philosophical foundations of this study, namely the 

researcherôs ontological (subsection 3.1.1) and epistemological perspectives (subsection 

3.1.2), and the relationship between theory and research (subsection 3.1.3) that underly the 

researcherôs general approach and attitude towards the research problem (Bryman & Bell, 

2015; Moon & Blackman, 2014). 

 

3.1.1 Ontological Perspective 

Ontology is the branch of philosophy that is concerned with the study of being (Audi, 1999). 

From a sociological perspective, ontology can be described as ñ [é] the result of a mode of 

observation that operates on the basis of a distinction between being and nonbeing and that 

subordinates all other distinctions [é]ò (Luhmann, 2013, p. 185).105 Social ontology 

furthermore emphasises the existence of mental (i.e. social) entities in human interactions 

and argues that these can be studied analogously to material entities in the natural world to 

gain knowledge about their emergence and distinguishing properties (Lawson, 2012).106 

This study specifically builds on Lawsonôs (2012) unique approach to social ontology and 

assumes that while a strict separation between material and mental entities exists, they are 

closely interrelated and can be causally connected to each other. In the context of this studyôs 

conceptual framework, Lawsonôs (2012) approach to social ontology is exemplified by the 

relationship between mental entities, such as interfirm research and development 

 
105 According to Seidl & Mormann (2014), Luhmann has been highly influential in the social sciences and 

contributed to theory on organisations and their relationships to other social systems. 
106 This relates to Cartesian dualism which argues that entities can distinctly exist in material or mental form 

(Honderich, 2005), which is of ontological relevance in the business research context because the primary 

subjects of study are typically mental, such as organisational behaviour, marketing, accounting, and strategy 

(Bryman & Bell, 2015). 
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collaborations (Granstrand & Holgersson, 2014) and cumulative innovation (Murray & 

OôMahony, 2007), and the emergence of material items, such as new focal value 

propositions in innovation ecosystems that materialise as tangible products (Adner, 2017). 

With respect to their social ontological approach, researchers need to decide on the 

nature of the social entities being investigated (Bryman & Bell, 2015). According to Bryman 

& Bell (2015) social phenomena, as well as the meanings and categories assigned to them, 

either exist independently and external to social actors, which represents the ontological 

position referred to as objectivism, or are being continually accomplished and, thus, in a 

ñconstant state of revisionò (Bryman & Bell, 2015, p. 33), which aligns to the ontological 

position denoted as constructionism. As summarised in Table 3.1, while the objectivist 

approach is focused on value-free facts, the constructionist researcher interprets social 

reality, thereby intrinsically accepting that direct access to knowledge about social 

phenomena is not achievable and multiple realities may coexist (Robson & McCartan, 

2016). Business researchers therefore need to reflect on their assumptions with respect to 

the social constructs that are the focus of their study to ascertain whether these align to the 

objectivist (i.e. independent, external) or constructionist (i.e. dependent, internal) 

perspective. 

Linking these ontological positions to key concepts in this studyôs conceptual 

framework reveals that relevant social constructs, such as alignment structure (Adner, 2017), 

(IP) modularity (Baldwin, 2007; Henkel et al., 2013), and complementary as well as 

substitute relationships (Granstrand & Holgersson, 2020), are more consistent with the 

constructionist approach. This is because they imply the absence of rules and organisation 

as static external reality and point towards their continuous production through intrinsic 

social interaction within and between organisations (Bryman & Bell, 2015). Furthermore, 

this studyôs objective to develop and demonstrate visual methods, processes, and tools that 

enhance researchersô and practitionersô ability to make sense of inter-organisational 

dynamics in evolving innovation ecosystems is inherently better aligned to the 

constructionist position in social ontology. This is due to the need to continuously monitor 

the state of both material and mental entities (cf. Decartes, 1959) and generate maps 

capturing subjective perspectives of actorsô social environment in ecosystems. 
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Table 3.1  Overview of ontological and epistemological perspectives107 

Methodological paradigm Quantitative Qualitative 

Ontology Objectivism Constructionism 

  - Social phenomena exist 

external to social actors 

- Social phenomena are being 

accomplished by social 

actors 

  - Facts are directly accessible 

and value-free 

- Social reality is interpreted 

      - Multiple realities may co-

exist 

Epistemology Post-positivism Interpretivism 

  - Knowledge is generated 

through falsification of 

hypotheses 

- Knowledge emerges from 

the meanings ascribed to 

actions by social actors 

  - Evidence is imperfect and 

fallible 

- Data collection is subjective 

  - Strives for precision and 

objectivity 

    

Relationship between theory 

and research 

Deduction (theory verification) Induction (theory generation) 

      Abduction (theory generation and 

comparative evaluation) 

 

 

3.1.2 Epistemological View 

Epistemology is the branch of philosophy that is concerned with the nature of knowledge, 

its defining features, substantive conditions and sources, and its limits (Audi, 1999).108 In 

contemporary social science, business researchers are urged to choose between the two 

opposing epistemological views of post-positivism and interpretivism based on their 

 
107 Authorôs table; synthesised from Bryman & Bell (2015) and Robson & McCartan (2016) 
108 According to Honderich (2005), the nature of knowledge was first debated in ancient Greece by Plato, who 

distinguished between knowledge and belief, and Aristotle, who suggested the existence of knowledge proper. 

Later, epistemology received major influences from Humeôs (1886) Treatise of Human Nature, which 

introduced concept empiricism, copy theory of sensory impressions and ideas, and the three laws of 

psychological association to the debate about scientific discovery and philosophy (Westphal, 2013). More 

recently, discussions on the nature of knowledge were characterised by Peirceôs, Jamesô, and Deweyôs 

American pragmatism, which focused on the immediate experience of humans as social and historical beings 

(Brunning & Forster, 1996; Kloppenberg, 1996). 



3.1 Philosophical Considerations and Positioning 97 

assumptions regarding the nature of relevant knowledge in the specific research context and 

their studyôs conceptual framework (Bryman & Bell, 2015; Robson & McCartan, 2016). 

These two opposing epistemological views fundamentally differ in their approach to how 

knowledge can be acquired and, thus, influence the choice of methods employed during the 

research project, as summarised in Table 3.1 above. 

Post-positivism builds on the principles of the positivist view, most prominently the 

method of deduction and Popperôs (1965) notion that scientific knowledge is generated 

through the falsification of synthetic propositions (Blaug, 1992). To understand underlying 

structures and mechanisms, post-positivism mostly leads to the adaptation of quantitative 

methods to the context of social science research (Robson & McCartan, 2016). Furthermore, 

post-positivism accepts the imperfection of evidence,109 while thriving for objectivity and 

precision in the research context and data collection (Moon & Blackman, 2014; Robson & 

McCartan, 2016). Overall, the post-positivist perspective guides researchers to the 

predominant use of quantitative methods that build on quantitative scientific principles. 

The contrasting view of interpretivism rejects the importance of underlying generative 

mechanism and shifts the focus towards empathically understanding the meaning that social 

actors and organisations ascribe to their social reality by appropriately interpreting their 

actions in a hermeneutic-phenomenological tradition (Bryman & Bell, 2015). Interpretivist 

methods are thus mostly qualitative, accept subjectivity in the data collection process, and 

broach the issue of self-awareness and reflexivity in the emergence of research outcomes 

when engaging research participants (Moon & Blackman, 2014; Robson & McCartan, 

2016). In summary, the interpretivist view leads researchers to heavily rely on qualitative 

methods that focus on meanings of verbal and visual evidence. 

The epistemological view adopted in this study is interpretivism because not all key 

concepts are externally organised to the social actors involved, quantifiable, and accessible 

by post-positivist scientific methods. More specifically, only a limited scope of artefacts in 

this study can be quantitatively captured and analysed, such as patents (Aristodemou, 2020; 

 
109 The post-positivist view adopts the notion from critical realism that the social world can only be understood 

if the underlying structures and mechanisms are identified, while accepting that these are typically not directly 

accessible through evidence and observation (Bryman & Bell, 2015). 
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Clarke, 2018), trademarks (Katyal & Kesari, 2020), and relationships among social actors, 

such as supply networks (Allesina et al., 2010). Other key concepts and artefacts in this 

study cannot be captured and analysed using a post-positivist approach because they are 

inherently invisible to the external observer, such as informal IP in the form of trade secrets 

and know-how (Poltorak & Lerner, 2011) or confidential licensing contracts (Fosfuri, 2006). 

Thus, an interpretivist approach is adopted in this study that employs qualitative methods, 

such as semi-structured interviews, the nominal group technique, and design thinking 

(section 3.2), to capture and analyse informantsô holistic subjective view on the relevant 

material and mental artefacts, inter-organisational relationships and dynamic developments 

in their social reality, as well as underlying patterns and causal explanations to describe 

social phenomena. 

 

3.1.3 Relationship between Theory and Research 

Theory can be described as a set of hypotheses that explain (both descriptively and 

predictively) novel entities (both observable and unobservable) and their properties in the 

real world (Audi, 1999). Business research typically focuses on exploring, describing and / 

or explaining a phenomenon in the real world by examining empirical evidence and personal 

experience (Robson & McCartan, 2016). The relationship between theory and research, has 

been dominated by two established logical models. Theory can either inform the formulation 

of hypotheses that are subsequently tested using empirical research, which is referred to as 

theory verification or deduction, or theory is systematically developed from empirical data, 

a logical process that is also known as theory generation or induction (Robson & McCartan, 

2016).110 However, critics of these two logical models for the relationship between theory 

and research argue that induction does not provide assurance that the inferences from 

empirical data are true, that deduction fails to provide any information beyond the initial 

premises, and that neither logic provides an explanation of the novel characteristics of a 

 
110 Deduction is often brought into context with a positivist epistemology and the hypothetico-deductive (or 

natural science) model of scientific explanation, while induction is typically linked to an interpretivist 

epistemology and a sociological model of scientific knowledge (Blaug, 1992; Bryman & Bell, 2015; Robson 

& McCartan, 2016). 
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particular phenomenon under investigation (Capaldi & Proctor, 2008). To address these 

perceived shortcomings, philosophers introduced abduction as an alternative to the existing 

logical models of induction and deduction (Bryman & Bell, 2015; Robson & McCartan, 

2016).111 It starts with a theory forming phase, in which novel explanations for observed 

patterns and phenomena are generated, and continues with a comparative evaluation112 of 

the newly formed theory against existing competing hypotheses, while explaining why 

phenomena exhibit certain characteristics (Capaldi & Proctor, 2008).113 When choosing 

between these logical models, Robson & McCartan (2016) suggested that it should primarily 

be influenced by the research context and particular circumstances of the study. 

This study follows the abductive logic because it was deemed most appropriate for 

achieving the research objective and fitting into the research context. More specifically, 

Capaldi & Proctorôs (2008) first step of hypothesis generation in the abductive process aligns 

to the development of new visual methods, processes, and tools for capturing dynamics, 

uncertainties, and risks when managing IP in innovation ecosystems. The subsequent step 

of comparative evaluation of the new hypotheses and inference of the best explanation 

(Capaldi & Proctor, 2008) matches this studyôs objective to demonstrate the newly 

developed visual methods, processes, and tools and to evaluate their performance 

comparatively to the existing state-of-the-art of visual methods in the management sciences. 

Ultimately, abduction best represents the continuous and alternating engagement (Bryman 

& Bell, 2015) with both empirical evidence of the nature of dynamic processes in evolving 

innovation ecosystems and existing theoretical concepts in the innovation ecosystem, IP 

management, and visual methods in management science literature. 

 

 
111 According to Anderson (1986), Peirce is credited with introducing the abductive process of creative 

reasoning to the scientific context. Peirce was an American philosopher, physicist, and mathematician, who is 

widely regarded as one of the founders of American pragmatism and important contributor to logical theory 

(Brunning & Forster, 1996; Hintikka, 1996). 
112 Capaldi &  Proctor (2008) suggested three criteria for evaluating theories comparatively and inferring the 

best explanation of studied phenomena: empirically, superior theories have a wider scope of application, are 

more consistent and solve long standing difficult problems; logically, superior theories can be modelled 

mathematically and are free of contradiction; practically, superior theories lead to the development of 

impactful technologies and applications. 
113 Bryman & Bell (2015) related the abductive process to a óhermeneutic circleô, in which a continuous 

dialogue takes place between empirical data and the researcherôs theory-informed preunderstanding. 
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3.1.4 Summary of Philosophical Positioning and Research Strategy  

As summarised in Fig. 3.1 below, this study adopts a constructionist ontological perspective, 

assumes an interpretivist epistemological view, and chooses an abductive logic in the 

relationship between theory and research. This leads to a qualitative research strategy for 

this study, which considers actorsô continuously changing social realities, actorsô 

interpretation of their social world, and the creative generation of new hypotheses that are 

repeatedly evaluated against existing theory (Bryman & Bell, 2015). This qualitative 

paradigm is characterised by verbal capture of accounts and findings in natural settings and 

focusses on interpreting their meanings in the contexts in which the empirical data is 

collected (Robson & McCartan, 2016). Furthermore, Robson & McCartan (2016) suggested 

that the research design in the qualitative paradigm is flexible throughout the process, that 

sample sizes are typically smaller, and that reflexivity on part of the researcher is valuable 

to the research outcomes. 

 

 

Fig. 3.1  Overview of this studyôs philosophical positioning, research strategy, and research design114  

 
114 Illustration is adapted by author with permission of John Wiley & Sons ï Books, from Robson & McCartan 

(2016); permission conveyed through Copyright Clearance Center, Inc.; adaptation is based on Bryman & Bell 

(2015). 
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3.2 Research Design and Methodological Approaches 

The research design integrates the purpose and conceptual framework115 of a research 

project into a set of research questions and subsequently operationalises these into specific 

data sampling strategies,116 data collection methods and analysis techniques (Bryman & 

Bell, 2015; Robson & McCartan, 2016), as illustrated in Fig. 3.1. The paradigm of the 

research strategy (section 3.1) also influences the research design by specifying the type of 

methods and techniques used for empirical data collection and analysis. This section first 

provides an overview of the research design in this study (subsection 3.2.1) and subsequently 

describes the methodological approaches to addressing each of the three research questions 

RQ1, RQ2, and RQ3 (subsections 3.2.2, 3.2.3, and 3.2.4, respectively). 

 

3.2.1 Overall Research Design 

The research design for this study follows the multiple-case study logic. At the top level, the 

case study represents a focused, yet holistic, data collection and analysis methodology for 

investigating contemporary bounded situations or systems as they dynamically evolve over 

time in the real (social) world, such as organisations, locations, persons, or events (Bryman 

& Bell, 2015; Yin, 2014). The case study enables researchers to continuously test newly 

generated theory and compare findings with relevant existing theory (Eisenhardt, 1989).117 

Ultimately, the case study design is well-established and widely practiced in business 

research with a considerable amount of literature contributing to its methodological 

development (Bryman & Bell, 2015; Eisenhardt & Graebner, 2007). 

 
 
115 Jones (2015b) suggested that clearly formulating the purpose of a research project lends credibility and 

competence to a researcherôs cause when seeking and negotiating access to organisations. Furthermore, a solid 

grounding in the conceptual framework allows researchers to focus the scope of data that is strictly relevant 

for the purposes of the research (Eisenhardt, 1989; Jones, 2015b; Yin, 2014). 
116 According to Jones (2015b), sampling strategies serve the purpose of identifying and selecting the set of 

potential research sites to be studied in organisational research. 
117 While analytic generalisations of case study research findings are possible through literal and theoretical 

replication of multiple-case studies (Yin, 2014), Eisenhardt (1989) cautioned that theories emerging from case 

study research designs tend to be complex as opposed to parsimonious, explain idiosyncratic phenomena, and 

tend to lead to what Bryman & Bell (2015, p. 21) called ñmiddle-rangeò theories as opposed to ñgrandò 

theories and frameworks, such as the resource-based view (Barney, 1991) or transaction cost economics 

(Williamson, 1989). 
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The use of multiple-case studies (i.e. at least two or more) in the research design allows 

for theoretical replication of the results, thus, strengthening the external validity of the 

research findings and leading to more robust and generalisable theory (Eisenhardt & 

Graebner, 2007; Yin, 2014). Furthermore, the multiple case-study research design is 

appropriate for investigating the dominant phenomena described in this studyôs conceptual 

framework, namely dynamics and co-evolution of basic elements in innovation ecosystem 

(subsection 2.2.3). This is because it allows the tracing and explaining of dynamic 

developments and processes in bounded situations over time, for instance by focusing the 

analysis on the time-dependent changes in relationships among social actors in the research 

setting (Eisenhardt, 1989). In addition, research questions RQ1, RQ2, and RQ3 are of the 

óhowô form and aim for explaining underdeveloped conceptual links in existing theories, 

such as between relevant IP management concepts, dynamics, and co-evolution in 

innovation ecosystems (subsection 2.2.4). According to Yin (2014), the multiple-case study 

is more appropriate for this purpose than, for example, surveys or reviews of archival data. 

Finally, the multiple-case study design complements the qualitative paradigm of this studyôs 

research strategy and abductive logic between theory and research because it encourages the 

recursive cycling between the theories that emerge from case data and extant literature with 

the goal to continuously develop constructs and testable theoretical propositions (Eisenhardt 

& Graebner, 2007). 

Owing to the sequenced logic of research questions RQ1, RQ2, and RQ3, the multiple-

case study design is divided into three corresponding parts, namely parts I, II, and III. Each 

part represents a whole case with converging evidence and conclusions and is replicated by 

the respective subsequent case (Yin, 2014). The replication logic is theoretical, which means 

that each case was chosen to further extend the emergent theory of the previous case, while 

at the same time proving its generalisability through application in a different setting 

(Eisenhardt & Graebner, 2007). Fig. 3.2 below illustrates the structure of the three parts and 

their respective alignment to the research questions, chosen cases, applied methods, and 

outcomes. In summary, part I has the objective to develop and demonstrate a new visual 

method for capturing and analysing static structure, dynamics, and co-evolution in 
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innovation ecosystems. Part II subsequently tests the new visual method from part I in a 

different empirical setting and develops it further to integrate the capture of IP management 

concepts. Finally, part III applies the new methods developed and demonstrated in parts I 

and II in a structured process for identifying and treating IP risks and opportunities in 

innovation ecosystems. 

 

3.2.2 Part I: Developing the Standardised Visual Ecosystem Language 

A single qualitative case study was conducted to address research question RQ1 and develop 

a new theory-informed and empirically grounded visual method for the capture and analysis 

of static structure, dynamics, and co-evolution in innovation ecosystems.118 For that 

purpose, the commercial aircraft MRO sector served as the empirical case setting because it 

represents an industrial sector exhibiting dynamic changes in its industrial organisation. 

Furthermore, Urmetzer, Gill, et al.ôs (2018) ecosystem value mapping process was chosen 

as an appropriate methodological basis for developing the new method because it was 

critically reviewed as one of the most developed visualisation methods for ecosystem 

research (subsections 2.3.2.1 and 2.3.3). In addition, a visual adaptation of Gioia et al.ôs 

(2012) inductive approach to discovering novel concepts and new theory generation was 

applied to analyse causalities emerging from the empirical data. This visual adaptation of 

Gioia et al.ôs (2012) inductive approach, which is hereinafter referred to as the graphical 

coding process, allowed the iterative development of the new standardised visual method 

while incorporating new concepts on dynamic processes in innovation ecosystems that 

emerged from case study observations. This iterative approach was continued until primary 

and secondary empirical data, as well as observations were adequately represented and 

incremental improvements to the visualisation method became minimal (Eisenhardt, 1989). 

 
118 Subsection 3.2.2 and the methods described therein are largely based on Moerchel, A., Tietze, F., & 

Urmetzer, F. (2022). SVEL ï Introducing the Standardised Visualising Ecosystem Language for Temporally 

Capturing Competitive Dynamics in Evolving Innovation Ecosystems. Centre for Technology Management 

working paper series. Cambridge, UK. doi: 10.17863/CAM.81902. This paper was additionally presented at 

the 29th Innovation and Product Development Management Conference in Hamburg, Germany, on July 17-

19, 2022, and published as Moerchel, A., Tietze, F., & Urmetzer, F. (2023). Visualising dynamics in innovation 

ecosystems: A new method and demonstration in the commercial aircraft MRO ecosystem. Technovation, 128, 

102856. doi: 10.1016/ j.technovation.2023.102856. 
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3.2.2.1 Case Study Theoretical Sampling and Data Collection  

A single common case-study (Yin, 2014) was conducted in the commercial aircraft MRO 

sector because evidence suggests that it is subject to servitization, namely the transformation 

of manufacturersô offerings from being primarily product-based to becoming services that 

are integrated with products (Baines & Lightfoot, 2013).119 In this transformation, 

manufacturers reposition themselves in the value network by forward-integrating and 

seeking direct access to customers (Huikkola et al., 2020; Teece, 2010b; Wise & 

Baumgartner, 1999), thereby bypassing existing intermediaries and possibly triggering 

competitive tensions with established specialist service firms (Burton et al., 2016). These 

existing specialist service firms act as intermediaries between manufacturers and customers 

of manufactured products and are hereinafter referred to as incumbent services providers 

(ISP).120 

Conceptualising the commercial aircraft MRO sector as an evolving innovation 

ecosystem, ISPs were assumed to be in the role of the focal firm because they bundle 

components into and align partners towards a focal value proposition (Adner, 2017; Adner 

& Kapoor, 2010). Based on this assumption, Urmetzer, Gill, et al.ôs (2018) ecosystem value 

mapping process was applied initially to capture the alignment structure of partners, namely 

suppliers and complementors, as well as their relative positions and roles, from the 

perspective of the ISP as the focal firm in the ecosystem during the pre-servitization phase. 

During this phase, the ecosystem actor roles of ISPs, manufacturers, and customers are 

clearly defined and typical buyer-supplier relationships dominate among these roles (Wirths, 

2019). Subsequently, the ecosystem value mapping process was repeated for the 

servitization phase to visually capture dynamic processes in industrial organisation and co-

evolution of basic elements in the commercial aircraft MRO innovation ecosystem, again, 

 
119 Original equipment manufacturers (OEM) of commercial airplanes, such as Airbus, Boeing, and Embraer, 

reported substantial increases in aftermarket services revenues (Derber, 2019b, 2020; Hemmerdinger, 2017). 

Furthermore, aircraft engine and system OEMs, such as CFM International, Rolls-Royce, and Honeywell, 

affirmed their services strategies and presented new service innovations including digital solutions, remote 

monitoring, and life-cycle cost management (Broderick, 2019; Chuanren, 2019; Neely, 2008). 
120 Incumbent service providers were previously defined in literature on the telecommunication sector as 

companies that have previously licensed a frequency spectrum from governmental agencies, built-up necessary 

infrastructure, and have an existing customer base for wireless and cellular services as opposed to new entrant 

service providers (Mukherjee, 2019; Nguyen et al., 2011). 
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from the perspective of the ISP as the focal firm in the ecosystem. The servitization phase is 

characterised by aircraft and system original equipment manufacturers (OEMs) offering 

services in a bundle with their products, thereby competing directly with ISPs and 

challenging the established buyer-supplier relationships among ecosystem actors (Wirths, 

2019). 

Primary empirical data consists of ten semi-structured in-depth interviews (Bryman & 

Bell, 2015) with senior managers and decision-makers at one established and large, 

manufacturer-independent ISP offering integrated services for established Western aircraft 

types. Table 3.2 provides an anonymised summary of the interviewees. The interviews were 

recorded and complemented with Urmetzer, Gill, et al.ôs (2018) ecosystem value mapping 

process, in which the commercial aircraft MRO innovation ecosystem was visually captured 

together with each interviewee in a dialogical approach (Meyer et al., 2013) as seen from 

the ISPôs perspective before and during the servitization phase. Each of these ecosystem 

value maps was confirmed with the respective interviewee after it was transcribed into a 

digital format during a follow-up interview and amended for completeness and accuracy if 

necessary. For data triangulation (Yin, 2014), secondary empirical data was reviewed, which 

consisted of extensive archival records, such as ISP internal documents (to which access was 

provided on a confidential basis), external media reports specific to the commercial aircraft 

MRO sector, and publicly accessible company annual reports. 
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3.2.2.2 Data Analysis Using the Graphical Coding Process 

The data analysis in part I of this study followed the three substantive analysis steps leading 

to the creation of a data structure in Gioia et al.ôs (2012) inductive approach to discovery of 

novel concepts and new theory generation, namely distilling 1st-order categories, 2nd-order 

themes, and aggregate dimensions. Owing to the visual emphasis of the primary data 

collection in part I, namely the ecosystem value mapping exercises conducted with each 

interviewee, Gioia et al.ôs (2012) primarily verbal process was adapted to the analysis of 

visualised empirical data. The resulting graphical coding process consisted of three steps, as 

illustrated in Fig. 3.3: (i) transcription, (ii) translation, and (iii) aggregate mapping. 

(i) Transcription. The ecosystem value maps that were generated together with each 

interviewee using Urmetzer, Gill, et al.ôs (2018) approach were transcribed from hard-

copy paper into a digital format. Audio recordings of the interviews were used to 

enrich the maps with details and capture more accurately each intervieweeôs account 

of both ecosystem static structure prior to the onset of servitization and ensuing 

dynamic processes and changes in industrial organisation during servitization. This 

transcription step is analogous to Gioia et al.ôs (2012) 1st-order analysis in the sense 

that it strives for replicating the terms, codes, and visualisations used by the 

interviewee as closely as possible. Subsequently, the digitally transcribed ecosystem 

value maps were reviewed for completeness together with each interviewee 

(Urmetzer, Gill, et al., 2018) and amended where necessary to ensure the construct 

validity of the visual data collection process (Yin, 2014). The transcription step was 

accomplished concurrently to remaining interviewees and ecosystem value mapping 

to include emerging themes as subjects in subsequent interviews (Bryman & Bell, 

2015). 

(ii) Translation. The transcribed digital ecosystem value maps were subsequently 

visually coded into innovation ecosystem maps using standardised external 
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