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Objective: Innovation ecosystems are complex, multilayered structures comprising diverse 

actors such as universities, industries, investors, policymakers, and researchers. Identifying 
and analyzing the interconnections among these actors is paramount for advancing innovation 

and improving ecosystem performance. This study investigates the relationships among actors 
within the innovation ecosystem of the laboratory industry using Fuzzy Cognitive Mapping 

(FCM) to analyze their causal relationships and mutual influences.  

Methodology: Based on a literature review, field data, and interviews with academic and 
industry experts, seventeen key actors were identified. A 17×17 interaction matrix was 

developed to determine the influence of each actor on others within the ecosystem. The FCM 
analysis was used to model the network structure of these actors and to evaluate the strength 

of their interactions. 
Results: The cognitive map analysis identified 17 actors and 268 causal relationships within 

the laboratory industry innovation ecosystem, indicating a highly interconnected structure. 
Centrality analysis shows that the LabsNet network, accelerators, platforms, and coordinating 

units play the most influential roles in shaping ecosystem dynamics. 
Conclusion: The findings highlight that the performance of the laboratory industry innovation 

ecosystem depends on the coordinated functioning of multiple interdependent actors. In 
particular, facilitative and coordination oriented structures—such as accelerators, platforms, 

and coordinating units—play a critical role in enabling interaction, knowledge exchange, and 
collaborative innovation. Strengthening these components can therefore support the 

sustainable development and dynamism of the ecosystem. 
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Introduction 

Innovation is the most effective pathway to value creation (Adner & Kapoor, 2010). In today’s 

competitive environments, it is recognized as a critical source of competitive advantage and long-

term organizational success. Organizations with greater innovation capacity can respond more 

rapidly to environmental changes and challenges (Asgari et al., 2025). In the innovation literature, 

an innovation ecosystem is defined as a network of organizations and individuals that interact over 

time and co-evolve to create value through innovation (Nylund et al., 2019; Paasi et al., 2023). 

Ecosystems are heterogeneous assemblages in which actors develop their capabilities in a co-

evolutionary manner through processes of value co-creation (Moore, 1996; Adner & Kapoor, 2010; 

Autio & Thomas, 2014; Coletto et al., 2024). These ecosystems consist of complementary actors 

connected through interdependencies, shared resources, and reciprocal interactions (Adner, 2017; 

Granstrand & Holgersson, 2020; Tanveer et al., 2026). Accordingly, the performance of an 

innovation ecosystem depends not only on the presence of diverse actors but also on the quality 

and structure of the relationships among them (Dedehayir et al., 2018; Baldwin et al., 2024). 

In such an environment, firms achieve competitive advantage by identifying the latent value 

embedded in the products and services they offer to customers (Ethiraj & Posen, 2013; Mäkinen 

& Dedehayir, 2013). However, no single firm can provide all the resources required for the 

development and commercialization of innovation; therefore, organizations must interact with 

other actors within the innovation ecosystem to create value (Talmar et al., 2020; Granstrand & 

Holgersson, 2020). This issue becomes even more significant in complex innovation environments, 

where value creation depends on the combination of complementary resources, interorganizational 

collaboration, and the alignment of roles among different actors (Paasi et al., 2023; Baldwin et al., 

2024; Neto et al., 2024). Recent studies in the field of innovation systems also indicate that 

innovation outcomes emerge from interactions among institutional structures, policy mechanisms, 

and both formal and informal relationships among diverse actors (Ranjbar et al., 2026). 

Strategic research activities provide a fundamental foundation for the acquisition of new 

knowledge and technologies. Conducting rigorous and credible research requires access to reliable 

laboratories to ensure the validity and reliability of test results (Azadi & Zahir-Mirdamadi, 2016). 

Universities and research institutions across various scientific fields typically maintain their own 

dedicated laboratories, and many industries also rely on laboratory services to assess product 

quality and support production processes. Therefore, laboratories are considered one of the 

essential infrastructures of scientific and research systems (Nersessian et al., 2003). In knowledge-

based and technology-driven industries, laboratory infrastructures are not merely collections of 

technical equipment; rather, they function as intermediary links between scientific knowledge, 

industrial applications, quality assurance, and the development of innovation. 
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Despite the significant importance of laboratories, our understanding of the ecosystem of this 

industry—particularly in the context of innovation—remains limited. Complex socio-technical 

systems often require approaches capable of representing interdependencies and feedback 

relationships among system components (Kokkinos & Nathanail, 2023). 

Managing the laboratory industry ecosystem is highly complex due to the large number of 

actors involved, the diversity of their roles, the interdependencies among them, and the breadth of 

their interactions. In such systems, innovation outcomes depend not only on the presence of 

different actors but also on how they interact and how roles are distributed across the system 

(Valkokari et al., 2016; Paasi et al., 2023; Neto et al., 2024). However, many previous studies have 

primarily focused on identifying actors or providing general descriptions of the relationships 

among them, while paying less attention to analyzing the causal structure of interactions among 

these actors. In other words, although the existing literature has examined the roles of different 

actors in innovation ecosystems, our understanding of how these actors influence one another and 

how their relationships form a causal structure—particularly in contexts such as the laboratory 

industry—remains limited. This research gap suggests that, to better understand the dynamics of 

such ecosystems, it is necessary to move beyond merely identifying actors and instead analyze the 

structure of influence relationships among them. 

Accordingly, the main objective of this study is not only to identify the actors within the 

laboratory industry ecosystem but also to analyze the causal relationships among them and examine 

the extent of their mutual influence on ecosystem dynamics. In this regard, the following research 

questions are proposed: 

 Who are the main actors in the innovation ecosystem of the laboratory industry? 

 How are the causal influence relationships among these actors structured? 

 Which actors exert the greatest influence on the dynamics of the ecosystem? 

To address these questions, this study employs Fuzzy Cognitive Maps (FCM) as a modeling 

approach for representing causal relationships among complex system elements (Kosko, 1986; 

Özesmi & Özesmi, 2004). FCM is particularly useful in complex and uncertain settings. It can 

integrate expert knowledge and support interpretable causal analysis (Sovatzidi & Iakovidis, 2026). 

This method enables the representation of the direction and strength of relationships among 

concepts, the identification of influential elements, and the analysis of system dynamics. By 

identifying the key actors in the laboratory industry ecosystem and analyzing the relationships 

among them, this study seeks to provide a clearer picture of interaction structures and key points 

of influence within this ecosystem. In doing so, it contributes to the development of the innovation 

ecosystem literature and advances understanding of the dynamics of this industry. This study also 

provides practical insights for policymakers and industry stakeholders involved in the development 

and management of laboratory infrastructures. 
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Literature Background 

In the innovation management literature, traditional perspectives that viewed innovation as the 

outcome of the independent activities of individual organizations have gradually given way to 

network-based approaches. Research shows that innovation, in many cases, results from the 

interaction and collaboration of diverse actors operating within a shared institutional, 

technological, and economic environment (Moore, 1993). Under such conditions, organizations 

must interact with external actors to develop and commercialize innovation, as the resources, 

knowledge, and capabilities required for innovation are typically distributed across different actors 

(Adner & Kapoor, 2010; Autio & Thomas, 2014). Accordingly, the concept of the “innovation 

ecosystem” has emerged to describe a set of interconnected organizations and institutions that 

participate in the process of value creation through interaction, knowledge exchange, and the 

combination of resources (Jacobides et al., 2018). In such an ecosystem, firms, universities, 

research centers, governmental institutions, and other stakeholders are connected through a 

network of formal and informal relationships, and through these interactions the flow of 

knowledge, technology, and resources within the system takes shape (Granstrand & Holgersson, 

2020; Liu et al., 2026). 

One of the fundamental characteristics of innovation ecosystems is the heterogeneity and 

interdependence among actors. Each actor provides a portion of the resources, capabilities, or 

infrastructures required for the development of innovation, and innovation typically emerges 

through the combination and synergy of these resources (Talmar et al., 2020). Accordingly, the 

performance of an ecosystem largely depends on the quality of interactions among actors and the 

way relationships among them are structured (Granstrand & Holgersson, 2020). Recent studies also 

describe the innovation ecosystem as a complex network of heterogeneous actors that, through 

multidimensional interactions, facilitate the flow of knowledge and technology and provide the 

conditions for the development of innovation and industrial growth (Compagnucci et al., 2025; Liu 

et al., 2026). 

The importance of this network-based logic becomes more evident in industries that rely on 

scientific and research infrastructures. The laboratory industry represents an example of such 

systems, in which laboratories, universities, research centers, industries, knowledge-based firms, 

equipment suppliers, and standardization bodies interact with one another. Laboratory networks in 

many countries play an important role in scientific advancement and business development; the 

presence of advanced research laboratories and well-developed laboratory infrastructures can 

accelerate technological progress and enhance economic competitiveness (Namdarian, 2016). In 

addition, by providing a platform for testing ideas and conducting research activities, laboratories 

create conditions for the development of innovation and the cultivation of creative thinking, and 
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they can contribute to increasing organizations’ innovation capacity in a manner similar to 

innovation platforms (Santarsiero et al., 2020). 

 Furthermore, many universities, research centers, and industries rely on laboratory services to 

conduct research activities, evaluate product quality, and develop technologies; therefore, 

laboratories are regarded as one of the key infrastructures of scientific and research systems 

(Nersessian et al., 2003). In the innovation ecosystem literature, a considerable portion of research 

has focused on identifying actors and examining their roles in the value creation process. For 

example, the Triple Helix model introduces the interaction among university, industry, and 

government as one of the main mechanisms for the production and diffusion of knowledge 

(Etzkowitz, 2003). However, recent studies show that, in practice, innovation ecosystems include 

a much broader range of organizations and institutions, and the relationships among them extend 

beyond the Triple Helix framework (Jacobides et al., 2018; Compagnucci et al., 2026). In this 

regard, Hoveskog et al. (2026) view the innovation ecosystem as a framework for explaining 

collaboration among heterogeneous actors in the processes of value creation and capture. Within 

this framework, the overall value of the ecosystem is not the outcome of the activities of a single 

actor but rather the result of the synergy among the resources and activities of multiple actors. 

Accordingly, concepts such as resource complementarity, interdependence, and the coordination 

of activities are highlighted as key elements in the functioning of innovation ecosystems (Hoveskog 

et al., 2026). 

Despite these advances, a considerable portion of the existing research has primarily focused 

on identifying key actors or examining the limited relationships among some of them. However, 

in many innovation ecosystems, the overall performance of the system stems from a network of 

reciprocal interactions among different actors. Therefore, merely identifying actors without 

analyzing the influence relationships among them cannot provide a comprehensive picture of 

ecosystem dynamics. This issue becomes even more significant in industries such as the laboratory 

industry, which are characterized by a high diversity of actors and strong interdependencies. In 

recent years, some studies have attempted to analyze the network structure of relationships among 

actors within ecosystems. In this approach, the position of each actor in the network and the extent 

of its connections with other actors can influence access to knowledge resources and opportunities 

for collaboration. For example, Mohammadi et al. (2024) in a study on absorptive capacity in the 

innovation ecosystem of Sharif University of Technology showed that analyzing the pattern of 

relationships among actors can help identify the degree of each actor’s influence on the flow of 

knowledge and innovation. However, many of these methods primarily focus on the structure of 

connections and are less capable of modeling causal relationships and the strength of influence 

among actors. In complex socio-technical systems, understanding system dynamics often requires 

approaches capable of representing causal interactions and feedback relationships among multiple 
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factors (Kokkinos & Nathanail, 2023). Therefore, to achieve a better understanding of the dynamics 

of innovation ecosystems, it is necessary not only to identify the actors but also to analyze the 

structure of causal relationships among them. Such an analysis can reveal how interactions among 

different actors lead to the emergence of patterns of influence within the ecosystem and which 

actors play more central roles in this structure. One of the methods used to model such complex 

systems is Fuzzy Cognitive Maps (FCM). This method was first introduced by Kosko (1986) and 

was developed to model systems with complex causal relationships among variables. Such 

graph-based representations allow researchers to capture the causal structure of complex systems 

and analyze how different components influence one another (Sovatzidi & Iakovidis, 2026; Kosko, 

1986; Özesmi & Özesmi, 2004). This feature makes it possible to model influence relationships 

among system components and is particularly useful in situations where knowledge about the 

system is largely derived from expert judgments and qualitative assessments (Sovatzidi & 

Iakovidis, 2026). 

Various studies have shown that FCM can be used to analyze complex socio-technical systems 

and to explore the influence relationships among different actors and system components 

(Kokkinos & Nathanail, 2023). For example, Quiñones et al. (2019) employed a combination of 

the Delphi method and FCM to analyze barriers to technology transfer in universities, and Falana 

et al. (2022) applied FCM to examine the roles of key stakeholders in delivering net-zero carbon 

buildings and to analyze the influence relationships among actors involved in the system. In 

domestic studies, Ahmadi et al. (2026) showed that FCM is capable of revealing both direct and 

indirect pathways of influence among variables and clarifying the structure of relationships in 

complex systems. Unlike quantitative social network analysis, which primarily reveals network 

structure through numerical representations, these methods may not fully explain the meaning, 

context, and dynamics of relationships and may overlook elements such as content, process, 

change, and awareness (Çakır, 2026). Therefore, methods capable of representing causal influence 

structures among actors can provide deeper insights into ecosystem dynamics and the roles of 

different participants (Sovatzidi & Iakovidis, 2026). Despite the growing body of research on 

innovation ecosystems, the analysis of the causal structure of relationships among actors remains 

limited in some domains, and this issue is particularly evident in the laboratory industry.  

In this regard, FCM is especially suitable because it captures weighted and directional causal 

relationships, incorporates expert judgment, and helps reveal both direct and indirect pathways of 

influence within complex systems (Karatzinis & Boutalis, 2025(. Therefore, the present study 

employs Fuzzy Cognitive Maps to model the influence relationships among actors in the laboratory 

industry ecosystem and, based on the structure of these relationships, to identify the key actors of 

the ecosystem. 
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Overall, the reviewed literature suggests that innovation ecosystems should be understood not 

only as sets of actors but also as systems of relationships through which actors influence one 

another. However, two gaps remain evident in studies of the laboratory industry ecosystem. First, 

while previous research has identified actors and described their roles, scant attention has been paid 

to the causal structure of relationships among these actors and how such interdependencies shape 

ecosystem dynamics. Second, despite the central importance of laboratories as scientific and 

research infrastructure, the laboratory industry has received limited attention in innovation 

ecosystem research. In response, the present study focuses on the laboratory industry ecosystem 

and applies Fuzzy Cognitive Mapping (FCM) to examine the structure of influence relationships 

among its actors. By doing so, the study moves beyond mere actor identification to provide a 

relational analysis of the ecosystem. Based on the reviewed literature, the main actors considered 

in this study are summarized in Table 1. 

Table 1. Literature-based identification of innovation ecosystem actors 

Variable Subgroup  

C1 
Suppliers and 

Manufacturers 

(Adner & Kapoor, 2011; Autio & Thomas, 2014; Zeng et al., 2017; Talmar et 

al., 2020; Yin et al., 2020; Dedehayir et al., 2022; Pushpananthan & Elmquist, 

2022; Li-Ying et al., 2022; Baldwin et al., 2024; Wang et al., 2024) 

C2 
Commercial 

Companies 

(Autio & Thomas, 2014; Oh et al., 2016; Granstrand & Holgersson, 2020; 

Talmar et al., 2020; Beliaeva et al., 2019) 

C3 Developers 

(Adner & Kapoor, 2011; Nambisan & Baron, 2013; Kapoor & Furr, 2015; 

Jacobides et al., 2018; Talmar et al., 2020; Yin et al., 2020; Klimas & Czakon, 

2022)) 

C4 Industry 

((Adner, 2017; Audretsch et al., 2022; Dedehayir et al., 2018; Granstrand & 

Holgersson, 2020; Gu et al., 2021; Gulati et al., 2012; Oh et al., 2016; 
Pushpananthan & Elmquist, 2022; Su et al., 2018; Yin et al., 2020; Zeng et al., 

2017) 

C5 Researchers 

(Autio & Thomas, 2014; Li-Ying et al., 2022; Oh et al., 2016; Paasi et al., 

2023; Robaczewska et al., 2019; Stam, 2015; Su et al., 2018; Talmar et al., 

2020) 

C6 Specialists 
((Autio & Thomas, 2014; Dedehayir et al., 2018; Su et al., 2018; Beliaeva et 

al., 2019; Granstrand & Holgersson, 2020) 

C7 University 

(de Vasconcelos Gomes et al., 2018; Guerrero et al., 2016; Iansiti & Levien, 

2004; Kapoor & Furr, 2015; Liu & Stephens, 2019; Oh et al., 2016; Stam, 

2015) 

C8 
Investors and 

Financial Providers 

(Beliaeva et al., 2019; Guerrero et al., 2016; Iansiti & Levien, 2004; Neto et al., 

2024; Su et al., 2018; Tamtik, 2018; Yin et al., 2020) 

C9 Government 
(Dedehayir et al., 2018; Gu et al., 2021; Guerrero et al., 2016; Li-Ying et al., 

2022; Oh et al., 2016; Oliveira & Rua, 2025; Stam, 2015) 

C10 Entrepreneurs 
(Dedehayir et al., 2018; Guerrero et al., 2016; Li-Ying et al., 2022; Neto et al., 

2024; Robaczewska et al., 2019; Su et al., 2018) 

C11 Competitors 

(Adner, 2017; Adner & Kapoor, 2011; Dedehayir et al., 2022; Granstrand & 

Holgersson, 2020; Jacobides et al., 2018; Liu & Stephens, 2019; 
Pushpananthan & Elmquist, 2022; Wang et al., 2024) 
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C12 Central Actor 

(Iansiti & Levien, 2004; Adner & Kapoor, 2011; Adner, 2017; Jacobides et al., 

2018; Dedehayir et al., 2018; Granstrand & Holgersson, 2020; Talmar et al., 

2020; Baldwin et al., 2024) 

C13 Accelerators 
(Dedehayir et al., 2018; Granstrand & Holgersson, 2020; Guerrero et al., 2016; 

Robaczewska et al., 2019; Neto et al., 2024; Jütting, 2024) 

C14 

Innovation 

Intermediaries & 

Facilitators 

(Baldwin et al., 2024; Guerrero et al., 2016; Jütting, 2024; Li-Ying et al., 2022; 

Lin, 2018; Neto et al., 2024; Tamtik, 2018) 

C15 Coordinating Units 

(Adner & Kapoor, 2011; Autio & Thomas, 2014; Baldwin et al., 2024; Carrara 

& Freisinger, 2024; Dedehayir et al., 2022; Pushpananthan & Elmquist, 2022; 

Su et al., 2018) 

C16 Support Roles 
(Baldwin et al., 2024; Dedehayir et al., 2018; Frow et al., 2016; Neto et al., 

2024; Robaczewska et al., 2019; Tamtik, 2018; Yin et al., 2020) 

C17 Platform 

(Autio & Thomas, 2014; Dattée et al., 2018; Dedehayir et al., 2018; Jacobides 

et al., 2018; Oh et al., 2016; Pushpananthan & Elmquist, 2022; Su et al., 2018; 

Wang et al., 2024; Yin et al., 2020; Zeng et al., 2017) 

 

 Materials and Methods 

This study followed a structured multi-stage methodological framework to systematically identify, 

validate, and model the key actors of the laboratory innovation ecosystem. The overall operational 

procedure of the study, spanning from initial identification to final scenario analysis, is illustrated 

in Figure 1. 

 

Figure 1. Research methodology framework of the study 

The research process consisted of four sequential stages, each corresponding to a distinct 

component of the study design: 
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Identification of Ecosystem Actors from the Literature 

The research process began with a systematic review of English-language scholarly publications 

indexed in Scopus and Web of Science to identify a preliminary set of actors within innovation 

ecosystems. The review focused on studies addressing innovation ecosystems, value cocreation, 

coevolutionary interactions, and the roles of organizations and individuals in innovation processes. 

This stage produced an initial pool of candidate actors reflecting the conceptual foundations of the 

innovation ecosystem literature. 

Validation and Refinement of Ecosystem Actors 

Because the initial extraction generated a relatively broad set of codes, the preliminary list was 

subsequently evaluated through consultation with domain experts to enhance content validity. 

During this stage, overlapping concepts were merged and conceptually weak or less relevant items 

were removed based on expert judgment. This iterative refinement process ensured that the 

resulting set of actors was coherent and theoretically grounded. Following this validation process, 

a final set of 17 ecosystem actors was confirmed. With the assistance of academic and industry 

experts, these actors were subsequently contextualized and categorized in relation to the laboratory 

industry to provide greater analytical clarity. Their corresponding roles within the laboratory 

innovation ecosystem were identified to facilitate clearer interpretation of their roles. The 

classification of ecosystem actors and their laboratory industry equivalents is presented in Table 2. 

Fuzzy Cognitive Mapping 

Fuzzy Cognitive Mapping (FCM) is a causal modeling approach originally introduced by Kosko 

(1986) to represent complex systems composed of interconnected concepts. FCM is particularly 

valuable for analyzing complex problems in unstable or uncertain environments, where concepts 

may be loosely defined, and the relationships among them are holistic and nonlinear. Its inherent 

flexibility makes FCM well suited for high-level policy research, as it can accommodate 

macro-level constructs without requiring highly precise empirical inputs. FCM has proven 

especially effective in domains characterized by structural uncertainty, particularly when 

complemented by descriptive analytical tools (Kokkinos & Nathanail, 2023). Recent studies also 

highlight that FCM allows the incorporation of expert knowledge to model causal relationships in 

complex systems where precise quantitative data are unavailable (Cousins et al., 2024). Moreover, 

FCM enables the integration of expert knowledge in defining system concepts and causal 

relationships, making it particularly suitable for contexts where empirical data are limited but 

expert understanding is available (Sovatzidi & Iakovidis, 2026). 

In contrast, System Dynamics typically requires the quantitative specification of stock–flow 

structures to model how systems evolve through feedback loops and dynamic behavior 

(Karunathilake et al., 2020), while network analysis represents systems as interconnected nodes 
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and edges and focuses on examining structural relationships among actors (Soleimanian et al., 

2024). In this study, FCM was prioritized over Social Network Analysis (SNA). According to 

recent methodological discussions, quantitative SNA often reduces complex social relations to 

numerical data and focuses primarily on the existence of ties, failing to capture whether interactions 

are positive or negative or to fully explain the dynamics of relationships (Çakır, 2026). As the 

innovation ecosystem involves intricate causal feedback loops and qualitative shifts, FCM provides 

a more robust framework. Unlike SNA, which may lead to misleading results in small-scale 

networks due to inflated centrality ratios, FCM enables the integration of expert-based qualitative 

insights into a semi-quantitative model, allowing for the simulation of system behavior under 

various scenarios (Karatzinis & Boutalis, 2025). Consequently, while static network analysis is 

limited to mapping existing structural connections at a single point in time, FCM is more suitable 

for this study because it captures the dynamic, causal relationships that govern ecosystem behavior. 

In such contexts, FCM enables the modeling of causal influence relationships among actors based 

on expert knowledge. Similar expert-based FCM approaches have been applied to analyze the 

influence relationships among stakeholders in complex socio-technical systems (Falana et al., 

2022). 

To capture interactions within the innovation ecosystem, an online questionnaire was 

administered to the expert panel. Experts were identified through purposive sampling, beginning 

with known contacts in academia and the laboratory industry and expanding through referrals from 

the initial participants. To ensure that the expert panel possessed comprehensive knowledge of both 

laboratory systems and the innovation ecosystem, candidates were selected based on their 

professional or research background in laboratory management, technical operations, or 

innovation-related fields. In total, 13 experts—including industry managers, technical specialists, 

and university faculty—participated in the study. The demographic characteristics of the expert 

panel are summarized in Table 2. Experts evaluated the influence of each actor on the innovation 

performance of other actors. These causal influences were expressed using linguistic variables and 

subsequently converted into numerical values ranging from –1 to +1 (strong positive influence: +1; 

moderate positive influence: +0.5; no influence: 0; moderate negative influence: –0.5; strong 

negative influence: –1). To facilitate this process, the researchers arranged the online questionnaire 

as a 17×17 cross-impact matrix. For each cell (i,j) in the matrix, experts were asked to answer the 

following standardized question: To what extent and in what direction does the performance or 

activity of Actor i directly influence Actor j? If no causal link existed, they selected No influence 

(0). Otherwise, they chose the corresponding linguistic term representing the direction and intensity 

of the relationship. 
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Table 2. Demographic profile of the experts 

 Education 
Research/Industry 

Experience 
Expert Role 

E1 Ph.D. in Technology Management More than 7 years 
Faculty Member & Head of 

Laboratory Network 

E2 
Ph.D. in Industrial Management (Production 

and Operations) 
More than 7 years 

Faculty Member & Senior 

Laboratory Manager 

E3 
Ph.D. in Industrial Management (Production 

and Operations) 
More than 7 years 

Industry Practitioner  &Adjunct 

Professor 

E4 
Ph.D. in Industrial Management (Production 

and Operations) 
More than 7 years 

Industry Practitioner & Adjunct 

Professor 

E5 Ph.D. in Industrial Management (Strategy) 3–7 years 
Industry Practitioner & 

Researcher 

E6 Ph.D. in Information Technology 3–7 years 
Industry Practitioner & 

Researcher 

E7 
Ph.D. Candidate in Industrial Management 

(Production and Operations) 
3–7 years Researcher & Adjunct Professor 

E8 
Ph.D. Candidate in Industrial Management 

(Production and Operations) 
1–3 years Researcher 

E9 Ph.D. Candidate in Entrepreneurship More than 7 years Industry Practitioner 

E10 M.Sc. in Nanotechnology More than 7 years 
Researcher & Senior Laboratory 

Specialist 

E11 M.Sc. in Nanotechnology 3–7 years Laboratory Specialist 

E12 M.Sc. in Nanotechnology 1–3 years Researcher 

E13 B.Sc. in Biology More than 7 years Laboratory Specialist 

Thirteen experts evaluated the causal relationships among the 17 identified actors of the 

innovation ecosystem. The level of agreement among experts was assessed using Kendall’s 

coefficient of concordance (W), calculated as Equation 1: 

𝑤 =
12𝑠

𝑚2(𝑛3 − 𝑛)
 (1) 

where m represents the number of experts, n denotes the number of ranked variables (17 

actors), and S is the sum of squared deviations of the rank totals from their mean. The statistical 

significance of the concordance was examined using Equation 2: 

𝑋2 = 𝑚(𝑛 − 1)𝑊 (2) 

The results indicate a moderate to substantial level of agreement among experts (W = 0.524). 

The chi-square test confirmed statistical significance (χ² = 1846.15, p < 0.001), indicating a 

consistent perception among experts regarding the causal relationships within the innovation 

http://m.sc/
http://m.sc/
http://m.sc/
http://b.sc/
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ecosystem. To further assess the robustness of the results, a leave-one-out sensitivity analysis was 

performed. In this procedure, Kendall’s coefficient of concordance (W) was recalculated by 

sequentially removing each expert from the dataset. The results showed that the value of W varied 

only slightly across the iterations, ranging from 0.511 to 0.533, compared with the original value 

of 0.524. The largest change occurred when Expert 2 was excluded, resulting in W = 0.511 (ΔW = 

−0.013). Overall, the small variation in W indicates that expert agreement remains stable and that 

the results are not significantly influenced by any single expert. 

Following the collection of expert opinions, the individual cognitive matrices from 13 

participants were aggregated by averaging. Specifically, if Ak represents the 17×17 adjacency 

matrix corresponding to expert k (where k = 1,2,…,13), the final aggregated matrix (Aavg) was 

calculated as Equation 3: 

𝐴𝑎𝑣𝑔 =
1

13
∑𝐴𝑘

13

𝑘=1

 (3) 

This aggregation allowed the resulting model to reflect the collective judgment of the panel 

while reducing the influence of individual bias .The resulting final matrix was then returned to 

three participating experts for validation, and all three experts confirmed the results. Subsequently, 

the relationships among ecosystem actors were modeled using FCM, a qualitative-quantitative 

approach that captures causal relationships among complex elements in a visual and analytical 

network format. Analysis and visualization were conducted using FCMapper and Pajek software, 

which enabled the examination of structural interactions, network characteristics, and dynamic 

dependencies among ecosystem actors. Technical details of the FCM implementation are provided 

in the following sections. 

Results 

For analytical clarity, the actors were classified into five categories: (1) industrial and 

manufacturing actors, (2) science and knowledge-based actors, (3) governmental and 

resource-providing actors, (4) interactive and entrepreneurial actors, and (5) facilitating and 

coordinating actors. Although these categories provide a useful conceptual structure, many actors 

perform multiple functions depending on their position and the nature of their interactions within 

the ecosystem. For instance, a university may simultaneously operate as a knowledge producer, a 

resource provider, and—in certain collaborations—even as a customer. All actors in the laboratory 

industry ecosystem are considered stakeholders whose actions are driven by the pursuit of 

improved innovation outcomes. Their roles and interactions collectively shape the dynamics of the 

ecosystem. A detailed list of these actors is presented in Table 3. The collected data were 
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subsequently analyzed using FCM to model the causal relationships and identify the most 

influential actors within the system. 

Table 3. Innovation ecosystem actors and their dynamics in the laboratory industry 

Group Variable Subgroup Laboratory Industry Equivalent 

Industrial and 

manufacturing 

C1 
Suppliers and 

Manufacturers 
Laboratory equipment and chemical manufacturers 

C2 
Commercial 

Companies 
Active laboratory-based knowledge enterprises 

C3 Developers 
Engineers and technologists enhancing technological 

capacity 

C4 Industry Laboratory industry 

Science and 

knowledge-based 

C5 Researchers 
Researchers from research centers and universities 

specializing in laboratory sciences 

C6 Specialists Laboratory science specialists 

C7 University 
University of Tehran, Sharif University, medical 

sciences universities, etc. 

Governmental and 
resource-providing 

C8 
Investors and 

Financial Providers 

Innovation financing funds (e.g., Health Research & 

Technology Fund) 

C9 Government 

National Standards Organization, Food & Drug 
Organization, Office of Science & Technology, 

Ministry of Science, Ministry of Industry, Mine and 

Trade (relevant governmental sections) 

Interactive and 

entrepreneurial 

C10 Entrepreneurs 
Founders of technology-based companies linked to 

universities and science parks 

C11 Competitors 
Other networks or independent laboratories outside 

LabsNet 

C12 Central Actor LabsNet Network1 

Facilitating and 

coordinating 

C13 Accelerators 
Emerging specialized accelerators and health-tech 

incubators with laboratory-focus potentials 

C14 

Innovation 

Intermediaries & 

Facilitators 

Technology transfer offices in universities and 

science parks 

C15 Coordinating Units 
Laboratory networks and ecosystem coordinating 

bodies 

C16 Support Roles 
Network support staff and university technical 

groups 

C17 Platform 
LabsNet.ir platform for managing laboratory 

services, Nota and Mahamax platforms 

Table 4 presents the aggregated expert judgments regarding the causal influence of the actors 

on one another. The values represent the final weighted scores assigned by the experts and form 

the 17 × 17 interaction matrix used for subsequent FCM analysis. 

 

 

                                                             
1 - Iranian Laboratory Network 

http://labsnet.ir/
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Table 4. Matrix of relationship strengths 
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The cognitive-map analysis conducted using FCMapper indicates that the configuration of 

actors within the laboratory-industry innovation ecosystem consists of 17 components and 268 

causal links, with a network density of 0.927. The relatively high network density suggests a strong 

level of interdependence and interaction among the actors, indicating that the ecosystem is 

structurally interconnected. At the same time, this high density may reflect a small-world-like 

pattern, in which actors are closely connected and separated by only a few relational steps. This 

pattern may arise either from the industry’s inherent interconnectedness or from the shared 

professional context in which the expert panel formed its judgments. 

 The values in the defuzzified matrix represent the aggregated expert judgments and quantify 

the influence that each variable exerts on the others. Following the integration of expert opinions, 

the degrees of influence and dependence for each factor were analyzed in the FCMapper 

environment. These results are presented in Table 3. In this context, influence refers to the extent 

to which a concept affects other factors, dependence represents the amount of influence received 

from others, and centrality denotes the sum of influence and dependence. A higher centrality score 

indicates the relative structural importance of that component within the network. Table 5 also 

reports the ranking of the factors based on their relative importance and centrality. 

Table 5. Influence–dependence degree and factor centrality 

Component Outdegree Indegree Centrality Rank 

C1 7.45 9.88 17.32 9 

C2 8.65 10.33 18.98 6 

C3 7.72 9.88 17.60 8 

C4 9.08 10.38 19.45 5 

C5 5.73 7.20 12.93 16 

C6 6.20 6.88 13.08 14 

C7 8.70 9.25 17.95 7 

C8 7.58 5.38 12.95 15 

C9 9.23 5.95 15.18 12 

C10 7.58 8.35 15.93 10 

C11 2.48 5.45 7.93 17 

C12 11.05 10.53 21.57 1 

C13 9.55 10.35 19.90 2 

C14 8.93 6.13 15.05 13 

C15 11.38 8.25 19.63 4 

C16 8.10 7.15 15.25 11 

C17 10.85 8.93 19.77 3 

Scenario analysis 

The scenario analysis constitutes the dynamic dimension of this research. Scenarios are formulated 

by changing the values of the three components with the highest centrality. The resulting variations 

and behavioral responses of the remaining components are then examined .In this study, four 
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scenarios are proposed. The first is the baseline scenario, in which all factors are assumed to be 

active with a value of 1. The changes and impacts of the remaining scenarios are then evaluated 

against this baseline. In the second scenario, a situation is simulated in which the central actor—

the LabsNet network—is present, but no coordination efforts are undertaken. Accordingly, the 

central actor is considered active (1), while the coordinating components and the accelerator are 

considered inactive (0). In the third scenario, both the central actor and the coordinating component 

are assumed to be active (1), while the accelerator remains inactive (0). This scenario represents 

the current state of the industry’s ecosystem in the country. It is used to examine the consequences 

of the absence of the accelerator while the other two key components remain active. In the fourth 

scenario, all three components are assumed to be semi-active (0.5). This scenario enables the model 

to capture the system’s intermediate behavior. The results of these scenarios presented in Table 4. 

Centrality indices indicate the extent to which a particular concept is significant relative to 

others. Such concepts occupy a critical position in the model and exert the greatest direct influence 

on the other concepts. More specifically, the results indicate that components C12, C13, C17, and 

C15 occupy structurally prominent positions within the ecosystem and appear to exert relatively 

strong influence on other actors in the innovation network. 

According to the FCM results, the LabsNet (C12) has the highest centrality and functions as a 

major connector among actors in the ecosystem. The Iranian Laboratory Network (LabsNet) serves 

as a national coordination platform established to optimize laboratory infrastructure efficiency. It 

functions as a hub for equipment sharing, service standardization, and capacity building (Iranian 

Laboratory Network, n.d.). Accelerators (C13) also play an essential role; however, given that no 

specialized accelerator currently exists in the country, this gap may represent an important 

opportunity to strengthen the ecosystem. The platform (C17) strengthens the technical 

infrastructure, and the coordinating units (C15) are responsible for operational and executive 

functions. The higher the centrality value of these roles, the greater their influence on the 

innovation ecosystem.  Accordingly, these components were used for the “what-if” scenario 

analysis, consistent with the approach adopted in the studies by Gan et al. and Shouchenko et al. 

 

Table 6 .Scenario analysis results 
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0.999

97 
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-
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-
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-
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Scenario 1 (Baseline Scenario) 

In Scenario 1, all concepts were initialized with an activation value of 1, representing a condition 

in which all actors in the ecosystem are simultaneously active. The simulation results indicate that 

the system converges to a stable state, with the values of most concepts remaining very close to 

their initial levels. This finding indicates that when all ecosystem actors are active, the modeled 

structure can maintain overall system stability. 

Scenario 2 

In Scenario 2, the accelerator (C13) was removed from the network by assigning it an activation 

value of 0, while all other concepts retained their initial values. The simulation results show that 

the value of C13 decreased from 0.999982 in the baseline scenario to 0.000000, corresponding to 

a change of −0.99998209. In addition to this direct change, several other concepts also show 

reductions compared with the baseline scenario. In particular, the values of investors (C8), 

government institutions (C9), and innovation intermediaries (C14) decrease. Smaller reductions 

are also observed in several other concepts, including researchers (C5), experts (C6), entrepreneurs 

(C10), support institutions (C16), and other actors (C17). In contrast, competitors (C11) increase, 

with their value rising from 0.021294 to 0.032665. 

Scenario 3 

In Scenario 3, the coordinating unit (C15) remained active, while the accelerator (C13) continued 

to be inactive. The results show that the value of C13 remained at 0.000000, corresponding to a 

change of −0.99998209 compared with the baseline scenario. Across the remaining concepts, the 

differences relative to the baseline scenario are generally smaller than those observed in Scenario 

2, and most changes remain limited in magnitude. As in Scenario 2, competitors (C11) show an 

increase. 

Scenario 4 

In Scenario 4, the activation levels of three key actors—the central actor (C12), accelerators (C13), 

and coordinating units (C15)—were reduced from full activation to 0.5. The simulation results 

show that the values of these three concepts decrease noticeably compared with the baseline 

scenario. Among the remaining concepts, most changes are negative but relatively small. The 

largest indirect reductions among the non-manipulated concepts are observed in investors and 

financial providers (C8), innovation intermediaries and facilitators (C14), and government 

institutions (C9). In contrast, competitors (C11) show an increase. 
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Network Visualization of the Innovation Ecosystem 

The data generated by FCMapper were imported into Pajek to visualize the innovation ecosystem 

network. The resulting model is presented in Figure 2. In this figure, the central actor is positioned 

at the core of the network, while the competitors—identified as the least influential components in 

this ecosystem—appear at the periphery with smaller node sizes and negative effects on the 

ecosystem cycle. 

 

Figure 2. Cognitive mapping of innovation components in the laboratory industry 

Discussion 

The findings indicate that the innovation ecosystem of the laboratory industry cannot be viewed 

merely as a collection of independent actors; rather, it consists of a set of interdependent roles that 

influence one another through reciprocal relationships. The model results show that none of the 

variables function purely as causes or effects; instead, all components of the system simultaneously 

play both influencing and influenced roles. Such a pattern suggests that ecosystem performance 

depends less on the isolated presence of individual actors and more on the quality of interactions, 

coordination mechanisms, and the complementarity of roles among different actors. This result is 

consistent with perspectives in the innovation ecosystem literature that move beyond the level of 

individual firms and emphasize interdependencies, complementary roles, and alignment among 

actors (Baldwin et al., 2024; Granstrand & Holgersson, 2020; Jacobides et al., 2018; Talmar et al., 

2020). From a methodological perspective, the use of Fuzzy Cognitive Mapping (FCM) in this 

study made it possible to model the perceived causal influence relationships among actors in the 

ecosystem. 
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FCM is particularly suitable for analyzing complex systems in which relationships among 

actors are multidirectional, interdependent, and largely based on expert knowledge. For example, 

the study by Ghasemnia Arabi et al. (2026) on the older adult health ecosystem shows that FCM 

analysis can identify actors with important structural roles and reveal how they influence other 

components of the system. One of the key findings of this study is the prominent structural position 

of C12, namely the LabsNet network, within the ecosystem. According to the centrality analysis 

results, this component has the highest level of centrality in the network and functions as a key 

connector among different ecosystem actors. Within the framework of innovation ecosystem 

studies, such a position typically indicates a coordinating or orchestrating role in the network. 

These roles can facilitate interaction, knowledge exchange, and the alignment of activities among 

different actors (Adner, 2017; Autio, 2022; Paasi et al., 2023; Moeenian et al., 2024). 

Alongside this central actor, several other components also occupy structurally prominent 

positions. In particular, the components C13 (accelerators), C15 (coordinating units), and C17 (the 

platform) exert a relatively strong influence on other actors in the network. The results indicate that 

the ecosystem examined in this study relies not only on productive or knowledge-based actors but 

also on a set of facilitating and intermediary roles. This interpretation is consistent with the findings 

of Hernández Chea et al. (2021), who show that intermediary organizations, such as accelerators 

and incubators, do not merely play a connecting role. Rather, they contribute to the formation and 

functioning of entrepreneurial ecosystems by configuring the ecosystem structure, facilitating 

service provision, brokering resources, and guiding collaborations. In the same vein, Mamès et al. 

(2025) introduce these actors as guardians of the value creation process, who strengthen 

connections among heterogeneous actors by using coordination tools and facilitating interactions. 

Various studies have also shown that intermediary institutions, such as accelerators, technology 

transfer centers, and coordinating units, can contribute to ecosystem cohesion by reducing 

coordination frictions and facilitating interactions among heterogeneous organizations (Neto et al., 

2024; Paasi et al., 2023; Tabarés & Boni, 2026). From this perspective, these actors can be 

considered part of the soft infrastructure that supports ecosystem performance. 

The high centrality ranking of the platform (C17) indicates that platform infrastructures within 

this ecosystem serve functions that extend well beyond simple communication. In innovation 

ecosystems, platforms often govern interaction rules, manage resource access, and orchestrate 

connections among complementary actors. This finding aligns with the platform governance 

literature, which positions platforms as mechanisms for reducing coordination costs and facilitating 

access to complementary capabilities (Baldwin et al., 2024; Jacobides et al., 2018). In the 

ecosystem examined here, the platform helps identify and connect dispersed laboratory capacities. 

Furthermore, as Barile and Secundo (2026) demonstrate, digital platforms can transcend their role 

as passive infrastructure to become active mechanisms for ecosystem coordination.  
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The industrial and manufacturing sector emerges as the core of economic value creation in the 

ecosystem. Within this group, C4 (industry) and C2 (commercial companies) exhibit higher 

centrality and dependency values, indicating that economic value creation in the ecosystem is 

closely linked to productive capacities and the commercialization of laboratory services and 

equipment. Such a pattern is consistent with the view that value creation in innovation ecosystems 

depends on the integration of complementary resources and capabilities across diverse 

organizations (Adner & Kapoor, 2016; Granstrand & Holgersson, 2020). However, the results also 

indicate that the activities of these actors are embedded in a broader ecosystem comprising 

scientific, institutional, and intermediary entities. This finding further supports the emphasis on 

interdependence and complementarity in innovation ecosystems (Tanveer et al., 2026). 

Similarly, the scientific and knowledge group—comprising universities, researchers, and 

specialists—plays a critical role. Innovation in the laboratory industry is inherently dependent on 

specialized knowledge and technical capabilities, a point also emphasized in prior innovation 

ecosystem research (Adner, 2017; Coletto et al., 2024). At the same time, this study suggests that 

knowledge production alone is not sufficient to sustain ecosystem dynamism; innovative outcomes 

emerge only when knowledge is activated through interactions with industry, intermediary 

institutions, and commercialization mechanisms. This observation is consistent with studies that 

stress the co-evolution of actors and the interplay among scientific, industrial, and institutional 

domains in the value creation process (Neto et al., 2024). 

Conversely, C11, representing competitors, exhibits the lowest level of influence among the 

network components. The limited interaction of this component with other elements of the 

ecosystem suggests that competitive actors do not play a prominent role in the studied network 

structure. However, this does not necessarily imply that competition is unimportant; rather, it may 

indicate that competitive actors are less involved in coordinated interactions or collaborative 

mechanisms within the ecosystem. Ecosystem literature also suggests that relationships among 

actors are not purely collaborative, and that various forms of competition and coopetition may 

coexist as part of the natural dynamics of innovation ecosystems (Ritala & Thomas, 2025; 

Dedehayir et al., 2022). Under such conditions, a lower level of coordination among the main actors 

may create greater space for competitive behaviors, thereby increasing the potential influence of 

competitors in ecosystem dynamics. 

Scenario analysis adds a dynamic dimension to the study by showing the ecosystem’s 

sensitivity to changes in key components. In the third scenario, which reflects the current state of 

the country’s laboratory industry ecosystem, C13 (the accelerator) remains inactive, with a value 

of zero. This may reflect the absence of a specialized acceleration mechanism, which could hinder 

entrepreneurship and the emergence of innovative businesses in this domain. This finding is 



 

 
 
Designing the Cognitive Map of Key Actors in the Innovation…| Shahsavari, et al. 

 

 

69 

consistent with entrepreneurial ecosystem research emphasizing that the absence of intermediary 

actors can limit resource mobilization, the management of interdependencies, and the development 

of structured collaboration patterns (Hernández Chea et al., 2021). 

The results further show that decreases in C12, C13, and C15 produce substantial declines 

relative to the baseline scenario, along with indirect reductions in several other components, 

especially C8 (investors and financiers), C14 (intermediaries and innovation facilitators), and C9 

(government). This pattern indicates that the ecosystem is highly sensitive to changes in its 

coordinating core, with a weakening in this structure generating ripple effects across the network. 

Meanwhile, the increase in C11 (competitors) in some scenarios may reflect a shift in ecosystem 

balance as the influence of coordinating actors declines. This interpretation is consistent with 

research showing that ecosystem stability depends on the quality of relationships among 

complementary actors and the continuity of connecting mechanisms (Cobben et al., 2023; Paasi et 

al., 2023). This result also aligns with the findings of Sultana and Turkina (2023), who show that 

intermediary institutions play an important role in shaping collaborative relationships and diffusing 

innovation within ecosystems by facilitating encounters among actors, matching potential partners, 

and supporting the implementation of collaborations. 

Overall, the results of this study indicate that the laboratory industry innovation ecosystem 

exhibits a relatively coordinated and semi-centralized structure. Although a limited number of key 

actors occupy pivotal positions, the system’s performance ultimately depends on extensive 

interactions among a diverse set of complementary actors. In this context, the LabsNet network, 

accelerators, coordinating units, and the digital platform emerge as critical elements for 

maintaining the ecosystem’s structural cohesion. At the same time, industrial and scientific actors 

play essential roles in knowledge production and economic value creation. Consequently, the 

dynamics of this ecosystem can be understood as the outcome of interactions among productive, 

knowledge-based, and facilitative roles that collectively underpin the emergence and development 

of innovation. This conclusion is consistent with perspectives that conceptualize innovation 

ecosystems as dynamic and evolving systems in which the roles and relationships among actors 

change over time, thereby requiring active coordination and governance mechanisms (Coletto et 

al., 2024; Jütting, 2024). 

Practical and Policy Implications 

The findings of this research indicate that certain intermediary actors, particularly the LabsNet 

network, play a crucial role in connecting different actors within the laboratory industry innovation 

ecosystem. Strengthening and further developing such coordinating institutions can therefore 
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enhance interactions among universities, firms, equipment suppliers, and other ecosystem 

participants, thereby enabling more effective utilization of scientific and technological capacities. 

Developing and strengthening these intermediary mechanisms can contribute to more effective 

collaboration and support the transformation of knowledge and technology into applied 

innovations. Developing and strengthening these intermediary mechanisms can contribute to the 

formation of more effective collaborations and support the transformation of knowledge and 

technology into applied innovations. 

At the policy level, the findings suggest that policies focusing solely on individual actors are 

insufficient to support the laboratory industry. Instead, policymakers can foster more favorable 

conditions for the development and dynamism of this ecosystem by adopting an ecosystem-based 

approach that emphasizes strengthening connections among actors, facilitating access to financial 

resources, and reducing innovation-related risks. 

Conclusion 

The objective of this study was to analyze the structure of relationships among actors in Iran’s 

laboratory industry innovation ecosystem using Fuzzy Cognitive Mapping (FCM). The results 

indicate that the performance of this ecosystem is shaped not by the actions of a single actor but by 

a network of interdependent relationships among scientific, industrial, and facilitating actors. The 

findings show that although the LabsNet network occupies a central position within the ecosystem 

structure, the ecosystem’s dynamism and functioning do not depend solely on this actor .Alongside 

LabsNet, actors forming the ecosystem’s soft infrastructure—including accelerators, coordinating 

units, and platforms—play an important role in facilitating knowledge flows, strengthening 

interactions, and reducing barriers to collaboration. Scenario analysis further indicates that 

weakening these actors can reduce the ecosystem’s overall dynamism and efficiency. Overall, the 

results suggest that the laboratory industry innovation ecosystem exhibits a semi-centralized 

structure in which system performance depends largely on the quality of coordination and 

interaction among complementary actors. By modeling the causal structure of these relationships 

through FCM, this study contributes to a better understanding of how actor interdependencies shape 

innovation dynamics in industry-specific ecosystems. Ultimately, for policymakers and 

practitioners, fostering innovation in the laboratory industry requires shifting the focus from a 

single central hub toward strengthening interdependent ties and coordinating mechanisms that 

transform individual contributions into a coordinated and efficient network. 
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Research Limitations and Suggestions for Future Research 

Despite efforts to provide a coherent framework for analyzing relationships among actors in the 

laboratory industry innovation ecosystem, this study has several limitations that may guide future 

research. First, given the breadth and complexity of this ecosystem, the study focused primarily on 

identifying and analyzing relationships among key actors. As a result, a comprehensive 

examination of the structural, institutional, and technological barriers affecting innovation 

processes in this ecosystem was beyond the scope of the research. Future studies could address 

these dimensions to provide a deeper understanding of the challenges facing innovation 

development in the laboratory industry. 

Second, because the analysis centers on the laboratory industry innovation ecosystem, the 

findings are most directly applicable to this specific industrial context. Comparative studies 

examining innovation ecosystems in other technological or knowledge-based industries could help 

identify common and distinctive patterns of interaction among ecosystem actors. 

Third, the scenarios developed in this research were designed to assess the effects of changes 

in the status of selected key actors. Future research could extend this approach by designing more 

diverse scenarios, including simultaneous changes in multiple actors or variations in broader 

environmental conditions such as policy, financial, and technological changes. 

Finally, given the prominent role of coordinating and intermediary actors identified in this 

study, future research could further explore the mechanisms through which these actors facilitate 

collaboration among scientific, industrial, financial, and governmental sectors and contribute to the 

overall functioning of innovation ecosystems. 
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