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Abstract–Knowledge ecosystems drive growth by enabling firms to access diverse, specialized, 
and distributed resources from ecosystem members, allowing them to address complex product 
innovation challenges that would be difficult to tackle independently. This approach facilitates 
complementary value creation. However, small- to medium-sized enterprises (SMEs) encounter 
significant challenges within such ecosystems due to their limited size and limited resources. This 
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research contributes to the extant studies on knowledge ecosystems by investigating how 
collaborations within these ecosystems enable SMEs to both explore and exploit knowledge, 
enhancing their innovation capabilities. Drawing on empirical data from 33 semi-structured 
interviews and two focus groups involving multiple stakeholders (18 SMEs, 1 large firm, and 14 
intermediary firms) from a knowledge ecosystem in Ostrobothnia, Finland, this study finds that 
knowledge co-creation through collaboration significantly improves SMEs’ technological and 
collaborative capabilities, leading to growth and market expansion. Intermediary firms play a dual 
role, going beyond knowledge brokering by providing capacity-building support that helps SMEs 
better contextualize and utilize external knowledge. This study advances both theoretical and 
practical understanding by demonstrating how intermediary firms function not only as facilitators 
but also as active capacity builders in the knowledge exploitation process. This nuanced 
understanding contributes to the ongoing discourse on ecosystem dynamics and SME innovation. 
From a practical perspective, SMEs should leverage core partners and intermediaries to address 
their inherent resource constraints and drive innovation performance. This approach enables them 
to expand their networks, co-develop technological solutions, and potentially secure future 
funding. 
Index Terms–Innovative capabilities; SMEs; knowledge ecosystems; intermediary firms; 
knowledge exchange. 
 
Managerial Relevance Statement 
This study provides important insights for managers of SMEs engaged in collaborations within 
knowledge ecosystems. It supports the significance of recognizing and using knowledge-based 
collaborative ties within such ecosystems. By categorizing collaborations into core partners and 
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supporting intermediary firms, SME managers can align their efforts with the distinct goals and 
objectives of each type of firm within the ecosystem. Understanding that internal innovations and 
capabilities of SMEs are influenced by the diversity and activities of actors in the ecosystem, 
managers can navigate these interactions to expand organizational boundaries and access wider 
networks and innovative ideas. Co-creation within ecosystems can lead to various advantages, 
including the development of technological solutions, innovation process capabilities, and 
opportunities for new markets and customers. Similarly, embracing the roles of intermediary firms 
as key facilitators and connectors within the ecosystem can further enhance SMEs’ innovation 
capabilities. By engaging in joint projects and leveraging the resources of intermediary firms and 
knowledge exchange mechanisms, SMEs can address strategic innovation challenges effectively. 
1. INTRODUCTION 
Internal innovation capabilities are crucial for the competitiveness of SMEs, enabling them to 
adapt to changing market conditions, respond to emerging technological trends, and differentiate 
themselves from competitors [1]. SMEs, defined in Europe as firms with fewer than 250 
employees and an annual turnover of less than 50 million euros, are often less bureaucratic and 
more agile in their strategy development and decision-making processes than larger firms [2]. 
However, they face significant barriers to developing internal innovation processes, including 
limited cognitive abilities and resources [3], [4], reluctance to invest in Research and Development 
(R&D) activities [5], and a lack of access to knowledge and innovation ecosystems. Previous 
research supports this notion [6], [7], emphasizing the importance of collaborating with other firms 
within ecosystems to drive growth and innovation [2], [3]. Consequently, knowledge ecosystems 
have become essential for SMEs’ development of innovation capabilities [8], [9], [10], [11]. 
However, current literature provides limited insights into how collaborations within these 
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ecosystems enable SMEs to both explore and exploit knowledge, ultimately improving their 
innovation capabilities. 

Knowledge ecosystems, comprised of users and producers of knowledge that collaborate 
to develop new knowledge in a pre-competitive setting and within close spatial proximity to one 
another [10], [11], [12] are designed to address innovation and technological challenges that may 
lead to knowledge exploitation and actor-specific appropriation [13]. Collaboration within 
knowledge ecosystems primarily involves partnerships between heterogeneous complementary 
actors (e.g., customers, suppliers, and competitors) and is based on sharing knowledge for core 
business activities [2]. These collaborations are anchored by intermediary firms, such as 
technology and knowledge brokers, innovation consultancies, incubators, science parks, and 
research institutes [14], [15]. By developing knowledge ties between complementary actors and 
offering knowledge-intensive services and resources, intermediary firms provide SMEs with 
support for their core business activities at both the organizational and system levels of innovation 
[16], [17]. Such ecosystems enable SMEs to co-evolve their innovation capabilities, create value 
through knowledge exchange with ecosystem partners, and address complex innovation challenges 
through a shared vision and collaborative roadmap. 

Over the past decade, much research has examined the collaboration that takes place within 
different types of ecosystems, including platform, entrepreneurial, innovation, and knowledge 
ecosystems. This includes identifying the distinct sources of value creation for firms and building 
innovation communities [10], organizing knowledge ecosystems through prefigurative and partial 
forms [13], examining knowledge and business ecosystems and financial support networks [11], 
and understanding the capabilities required to transition from a knowledge ecosystem to a 
capability-based digital platform [18]. Despite this extensive research, there is limited evidence on 

Author accepted manuscript



how SMEs enhance their innovation capabilities through knowledge exploration and exploitation 
within ecosystems. Specifically, literature is scarce regarding understanding how SMEs leverage 
geographically co-located knowledge sources, such as heterogeneous complementary actors and 
intermediary firms, to improve their innovation performance. In this study, knowledge exploration 
is defined as the process of searching for, creating, and transferring new knowledge among 
collaborating actors within ecosystems, while knowledge exploitation refers to the application of 
this jointly created knowledge to refine knowledge bases, build capabilities, and enhance firm 
competitiveness. 

This important research gap warrants further exploration, with several researchers calling 
for future studies on resource mobilization in ecosystem-based collaborations [19] and the role of 
intermediaries in developing SMEs’ innovation capabilities [20]. Consequently, this study aims to 
examine the collaborations within knowledge ecosystems that support SMEs in exploring and 
exploiting knowledge to develop their innovation capabilities. The research question addressed in 
this study is: How can SMEs improve their innovative capabilities through collaboration within 
knowledge ecosystems?  

This paper presents an empirical study of a knowledge ecosystem in the Ostrobothnia 
region of Finland, highlighting the collaborative ties between SMEs and other actors within the 
ecosystem. Specifically, drawing on the knowledge-based view, this study contributes to the 
current literature on knowledge ecosystems [10], [11], [13] and innovation capabilities [21], [22], 
[23] by demonstrating that knowledge exploration and exploitation enable SMEs to develop their 
innovative capabilities. The study makes two main contributions. First, while previous studies have 
demonstrated that inter-organizational collaboration with external actors, such as universities [22] 
and government agencies [21], assists SMEs in developing their R&D and innovation capabilities 
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[24], [25], this study explains the synergetic effect of collaborations between heterogeneous 
complementary actors and intermediary firms on the development of SMEs' innovative 
capabilities. Second, while previous studies on knowledge ecosystems emphasize knowledge 
exploration [11], [13], there is a lack of empirical evidence on knowledge exploitation 
mechanisms. This study extends current understanding by broadening the scope of knowledge 
ecosystems from exploration to exploitation.  
2. THEORETICAL BACKGROUND 
2.1 Innovative Capabilities Development 
Innovative Capability (IC) is a multidimensional concept involving the continuous transformation 
of knowledge and ideas into new products, processes, and systems to benefit the firm and its 
stakeholders [26]. Due to its close association with organizational innovation and transformation, 
researchers have approached the conceptualization of IC from various perspectives, considering 
both product and process innovation viewpoints. For example, some argue that ICs are the specific 
abilities of a firm to manage and create innovation over the long term [27], continuously improving 
exploration and exploitation capabilities to help introduce new products and services to meet 
market requirements [24]. Despite various conceptualizations, most researchers agree that ICs are 
high-order, organizational-level capabilities that are essential for driving firms’ innovation [25], 
[28]. In this regard, Weber and Heidenreich [23] (p. 335) define ICs as “unique organizational 
level abilities to explore, acquire, and exploit novel knowledge to develop innovative products, 
services, and processes.” This definition highlights the importance of firms developing advanced 
organizational capabilities to leverage external knowledge for innovation, in line with the 
knowledge-based view of organizational innovation. This perspective demonstrates the need for 
firms to adapt to their external environment by gathering, analyzing, and interpreting knowledge 
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from customers, competitors, and other value chain actors [29], [30]. These capabilities enable 
firms to better understand their external context, integrate newly acquired knowledge, and 
reconfigure their operations, enabling continuous learning [31].  

Current research has highlighted that external knowledge, combined with organizational 
capabilities, enhances the development of IC [32]. Frishammar et al. [33] posited that a firm’s 

internal and external collaboration enhances ICs pertinent to various innovations. Such 
collaborations can result in two kinds of knowledge: (1) internally generated knowledge, and (2) 
externally acquired knowledge [34]. The former is embedded in the practices, beliefs, and norms 
of the firm [35], while the latter is acquired by forming collaborations with different actors in the 
external business environment [10]. Existing research has also highlighted specific actors and the 
nature of SMEs’ collaborations with different actors to enhance their ICs; for example, government 
agencies support SMEs in building their innovation-related capabilities through policy measures 
[21], while universities and research institutes can assist firms in R&D activities [22]. Such 
external collaborations and knowledge acquisition can catalyze innovation outcomes in SMEs and 
enhance their innovative capabilities [36]. As a result, this study, building on the knowledge-based 
view, suggests that SMEs’ collaboration with partners within a knowledge ecosystem can 
complement their internal knowledge bases, which is considered critical for developing and 
strengthening their innovative capabilities.  

2.2 Knowledge ecosystems and innovative capabilities development  

The concept of knowledge ecosystems emerges from knowledge exchange and transfer within 
territorial models, such as industrial clusters, regional clusters, industrial districts, and regional 
innovation systems, which operate in close spatial proximity to one another [10], [11], [37], [38]. 

Author accepted manuscript



Researchers on these models argue spatial proximity is important in many aspects such as,  
collaborations in the same spatial proximity intensify the flow of local knowledge across firms' 
boundaries [37], synergizing the innovation and economic growth of regional firms [39], formation 
of strategic alliances that enhance employees' social interactions [40]. These social interactions 
further promote strong personal ties among employees, leading to trust and increased frequency of 
communication between heterogeneous firms [41]. A high level of trust and communication 
improves the efficiency and efficacy of knowledge transfer and learning. Over time, firms 
collaborate, enabling them to develop their organizational ability to utilize network partnerships 
through the provision of effective and efficient pathways for external knowledge search, intake, 
absorption, and application [42]. 

The proximity dimensions play a significant role in enhancing knowledge access and supporting 
inter-organizational collaborations [43], [44]. Geographical proximity, in particular, facilitates 
trust and cooperation among partners, while technological relatedness can determine the success 
of collaborations [45]. These proximity factors, including organizational and social proximity [46], 
influence the efficiency of knowledge flows and innovation outcomes in ecosystems. In this 
context, the current literature on collaborative innovation and knowledge transfer recognizes the 
role of territorial models in providing the conceptual dimensions (i.e., spatial proximity, social 
capital, tacit knowledge flow, common learning, and heterogeneity of actors) for the development 
of ecosystem constructs [10], [11], [47]. Despite their similarities, knowledge ecosystems and 
territorial models can be distinguished based on two underlying dimensions: actors’ 

interdependencies and co-evolution [3], [47]. Actors’ interdependencies refer to the dependence 
of ecosystem actors on complementing their internal tangible and intangible resource limitations 
to develop innovations, which they cannot do independently [13]. In an ecosystem, actors share a 
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sense of belonging and commitment to the common cause of collaborative outcome and value [46]. 
Resource complementarity, combined with geographical proximity [44], [46], fosters trust and 
credibility within ecosystems, which in turn increases opportunistic behavior and minimizes 
uncertainties in collaborations. In contrast, territorial models involve task sharing, but they do not 
promote the complementarities needed to create long-term interdependencies [38], [47]. 

Second, actors in knowledge ecosystems co-evolve their capabilities by realigning their roles, 
activities, and positions within collaborations. This process leads to evolving dynamics of both 
collaboration and competition within the knowledge networks of the ecosystem [10], [48]. 
Proximity dimensions, such as social and organizational proximity, are critical in facilitating the 
co-evolution of roles, activities, and relationships, particularly in complex environments like 
knowledge ecosystems [49], [50]. Table 1 summarizes the key dimensions of the knowledge 
ecosystem conceptualized in this study. 

Table 1. Conceptualization of the key elements in knowledge ecosystems Element Conceptualization  Manifestation in this research  
Interdependencies  Each actor has an independent entity focusing on product design, quality assurance, marketing, and customer support resources. Simultaneously, the company feels collective learning and shares the same fate. [51] 

The success of new knowledge exploration depends on joint activities and efforts by the ecosystem members, meaning that individual entities cannot explore such knowledge alone.   

Spatial proximity  Spatial proximity is the geographical co-location of business entities centered around the anchor tenet actor. [11]  
Close spatial proximity has been observed in the sample where all participating firms are co-located in the same region. Intermediary firms act as anchor actors. Actors are located within 20 km of the studied ecosystem. 

Value  Value has been described as trust and a collective sense of belonging to a particular group. Actors share common values and language that enhance their feeling of belonging to a specific community. [52], [53] 

Actors within the observed ecosystem have trustworthy relationships with each other due to previous collaboration experiences facilitated by close spatial proximity and the intermediary firms. A collective sense of belonging to a group prevails where each actor is jointly motivated to examine new knowledge for their internal innovations. 
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 Co-evolution Over time, the co-evolution of capabilities, roles, and alignment structure is redirected by one or more actors in the economic community. [54] 

Co-evolution in this research is conceptualized based on previous collaboration experience among the ecosystem actors (i.e., they have previously collaborated, which has evolved into ecosystem-based collaborations).  
Stakeholders  Stakeholders include various actors, including business entities, networking among business entities, complementors, value chain actors, and governing actors. [47] 

Ecosystem stakeholders consist of two layers of actors i.e., heterogeneous complementary actors’ (i.e., value chain – business actors) and intermediary firms (i.e., non-business actors providing support and connection to other ecosystem members). 
Outcome  The outcomes of ecosystem collaborations can be economic, innovation, competitiveness, and entrepreneurial development. [11], [47] 

The primary outcome in the observed ecosystem relates to SMEs acquiring knowledge from collaborations and exploiting it internally to build their innovative capabilities that can lead to the generation of new business models, product innovations, expanded product portfolios, and the ability to use new technologies in their operations and processes. Intermediary firms achieve their objective of facilitating their broader role in economic and entrepreneurial growth in the region.   
Knowledge ecosystems consist of two structural layers of actors: core value chain actors and 

facilitating actors (e.g., intermediary firms). Core value chain actors include large firms, SMEs, 
customers, suppliers, and competitors. Facilitating actors, on the other hand, are categorized as 
intermediary firms, which include universities and research institutes, public sector firms, and 
other intermediaries such as technology and knowledge brokers, innovation consultancies, and 
incubators [14], [15]. Prior studies have highlighted the important role of intermediary firms in 
knowledge transfer and brokerage within territorial models [14], [55], identifying that they 
perform activities that orchestrate the innovation process [14], [56] and use their own capabilities 
to shape collaborations among ecosystem members [17]. Together, these actors execute joint 
knowledge search and exploration activities, facilitated by intermediary firms operating in close 
spatial proximity [11], [13]. Although research institutes play a critical role in the knowledge 
ecosystem through collaborative research programs [10], the inclusion of core value chain actors 

Author accepted manuscript



and intermediaries in collaboration provides valuable input for new knowledge exploration [10], 
[13].   

Previous research on proximity has also emphasized the role of social and organizational 
proximities as equally crucial in enabling efficient knowledge-sharing [46]. Proximity to 
knowledge gatekeepers, such as universities, has been highlighted as an essential factor in 
developing innovative collaborations [43]. In knowledge ecosystems, proximity dimensions 
interact to determine the effectiveness of collaborations and innovation outcomes [49].  

Extant studies on knowledge ecosystems have mainly explained two sources of value creation 
in knowledge ecosystems: facilitating the innovation process of individual firms and creating an 
innovation community [10]. They also discussed the co-evolution process of these ecosystems and 
the role of managers in realigning the ecosystem structure. Similarly, Järvi et al. [13] provided 
empirical evidence on the organization of knowledge ecosystems, highlighting two forms of 
knowledge search process: prefigurative and partial. Clarysse et al. [11] emphasized the 
importance of knowledge ecosystems for local firms in sourcing new knowledge and acquiring 
support from non-competing actors, such as universities, which also helps SMEs in obtaining 
public funding for innovation. Abbate et al. [18] discussed the transition of knowledge ecosystems 
to capability-based digital platforms. The role of geographical and organizational proximity in 
forming effective collaborations and leveraging local knowledge sources has been a recurring 
theme in studies focusing on ecosystem dynamics [44], [46]. While previous studies have explored 
knowledge ecosystems from various perspectives, most have focused on large firms. This 
limitation highlights a significant research gap regarding the role of collaborations within 
knowledge ecosystems in improving the innovative capabilities of SMEs. As a result, this study 
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examines how SMEs engage in collaboration to explore and exploit knowledge, ultimately 
improving their innovation processes and performance. 
3. METHODOLOGY 
3.1 Research design 
A qualitative research design was used to analyze and develop an in-depth understanding of the 
observed knowledge ecosystem through a multiple-case study approach [57]. This approach is 
considered suitable when researching a real-world case to frame a broader picture of the 
phenomenon under consideration [58] and to understand complex business systems [59]. 
Furthermore, the approach used has been successfully applied in previous studies (e.g. [10], [60], 
[61], [62]) where researchers have examined ecosystem-based collaborations from various 
viewpoints. The selected research design helps address the research questions concerning ‘how’ 

and ‘why’, extends current knowledge, strengthens existing theories, and further develops current 
understanding in our research settings. Thus, it has enabled us to analyze the parallel, interlinked, 
and diverse interacting actors within a knowledge ecosystem in the Ostrobothnia region of Finland 
and involves a combination of SMEs, large firms, and intermediary organizations, including both 
public and private entities. The region is also home to a well-known technology cluster where 
different ecosystem actors actively collaborate to develop new innovative solutions. Although this 
study aims to appreciate the perspectives of SMEs and intermediaries within the knowledge 
ecosystem, we purposely captured the other ecosystem actors, such as a large firm to explore its 
varying interactions with SMEs and intermediaries as well as its roles in offering business 
opportunities for SMEs to develop their innovative capabilities. This large firm functions as a 
catalyst and a hub firm in the knowledge ecosystem we study that engages with both SMEs and 
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intermediaries to jointly plan and execute co-creation projects, thus enabling SMEs to explore and 
exploit new knowledge.     
A purposive sampling technique was used to achieve maximum variation [57], [63], considering 
two constructs: participants’ roles within their firms and the industries in which the firms operate. 
Such a non-random sampling strategy allowed us to select objectives and qualified respondents to 
collect the requisite data. The study aimed to capture a strategic perspective on ecosystem 
collaborations, implementation phases, and operational matters by including participants from 
three tiers within organizational structures. Maximum variation was achieved by interviewing a 
variety of firms from different industries, to gain a broad understanding of collaborations within 
knowledge ecosystems and their implications for SMEs.  
3.2 Data collection procedure 

The selected ecosystem represents the conceptual dimension of ecosystem research design, 
which is one of the three dimensions (i.e., conceptual, structural, and temporal) contained in the 
methodological framework proposed by Phillips and Ritala (2019) to study an ecosystem. The 
focus of system-based inquiry in the conceptual dimension is on the boundaries (i.e., defining 
ecosystem types and scope) and the perspectives (i.e., addressing the perspectives of different 
actors and environments), which is also true in the ecosystem observed in the current research. To 
address conceptual aspects, two focus-group workshops were conducted with various ecosystem 
actors, including representatives from SMEs and intermediary firms. The first workshop was held 
in 2021 (lasted 1 hour and 15 minutes) and was centered on SME innovation and digitalization, 
aiming to evaluate participants' perceptions of innovation and digitalization from an ecosystem 
perspective. The second workshop was also held in 2021 (lasting 1 hour and 14 minutes). The 
focus of the second discussion was on the coopetition strategy of firms from an ecosystem 
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perspective. The discussions that emerged from the focus groups provided a foundation for 
understanding the topic of innovation and the capabilities of SMEs from a knowledge ecosystem 
perspective.   

Semi-structured, anonymized, interviews were conducted based on the recommendations 
of Gioia et al. [64] and the study settings. This technique, being flexible, allows researchers to 
examine more deeply a phenomenon and enhance the interaction and two-way communication 
between the interviewee and interviewer, enabling interviewees to share contemporary and 
retroactive insights [65]. With help from key informants, identified participants were sent 
personalized emails containing an interview invitation and a brief description of the research 
project.  
Two separate interview protocols were designed, aligning with the research objectives, to 
interview ecosystem actors. One protocol focused on questions related to heterogeneous 
complementary actors in the ecosystem to elicit information regarding interactions within the 
ecosystem. The other protocol centered on questions related to intermediary firms to gather 
information regarding their role in knowledge brokerage. The rationale for developing these two 
questionnaires was based on the characteristics of the sample, which included participants from 
various types of firms, and the diverse roles of actors within the knowledge ecosystem. All 
interviews were conducted and recorded online using Zoom and Microsoft Teams software; the 
sessions ranged from 35 to 90 minutes in length. Interviews were conducted until a saturation point 
was reached and no additional insights could be found [63].  
3.3 Data analysis 
We conducted a thematic analysis to analyze the data, as it is a well-suited approach for 
reorganizing, analyzing, sorting, and identifying trends in qualitative data that help in reporting 
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repeating or frequent patterns [66]. It explains data and interprets the procedure of selecting codes 
and categories in emerging themes [65]. We adopted a qualitative, iterative, and abductive 
approach for data analysis. To identify themes and relationships, we began by reading the full 
transcripts of eight interviews (i.e., two from the manufacturing sector, two from the service sector 
SMEs, and four from intermediary firms). It helped us to become familiar with the data and initiate 
open coding. Then, three members of the research team individually reviewed all transcripts to 
comprehensively understand the responses, and all team members discussed emerging themes in 
the data. In the next step, we comprehensively searched secondary data on collaborating actors’ 
websites, LinkedIn blogs, and social media handles. Insights from secondary data were then 
compared with emerging themes from respondents' responses. For instance, we compared relevant 
phrases from secondary data with respondents' responses from primary data.  Such a process 
enabled us to complement primary data with secondary data and reduce researcher bias during the 
analysis process. Through such a process, we find the specific roles and agendas of the 
intermediary firms, and other collaborating actors in the studied ecosystem.  At this point, a semi-
ignorance of existing literature was applied to reduce confirmatory biases in qualitative data, as 
suggested by Gioia et al. [64]. Through an iterative approach, we identified key themes that 
emerged in the data from all interviews with two different sets of actors (complementary partners 
and intermediary firms). Following this process, we conducted within and cross-case analysis to 
further derive first-order quotes, second second-order and aggregated themes. In doing so, first-
order categories were derived from primary data, complemented by secondary data. Once first-
order quotes were derived, the research team met again to discuss each quote line by line refined 
first-order codes, and added additional quotes based on the iterative feedback. As suggested by 
Gioia et al. [64], and executed by Mancuso et al. [67], first-order quotes were categorized into 
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second-order themes. Second order themes have been developed based on empirical data from 
respondents and reflect the literature on different capabilities of SMEs, thus this way we combine 
theory and practice through an abductive approach, linking ecosystem collaborations with SMEs' 
innovative capabilities. To further robust the findings and results of our research, we utilize NVivo 
12 to identify other emerging concepts, such as contextual factors and conceptual dimensions of 
the ecosystem studied. Finally, we grouped second-order themes into aggregated themes. The 
aggregated themes were informed by the literature on innovative capabilities [25], [26], [68], and 
ecosystem collaborations [10], [47]. The dimensions and structure of the data are presented in 
Table 2.  
Table 2. The coding scheme of ecosystem-based collaboration   

First order quotes Second order themes Aggregated theme  
• “Going into ecosystem interactions helped us to (get access) 

wider knowledge networks” – PM1  
• “We get valuable knowledge through these collaborations and helped us to find new partners to discuss and develop innovative 

ideas” – GM 

Awareness of collaborative networks  
Collaborative capabilities development Development of innovative capabilities through collaborations within the 

knowledge ecosystem 

• “Collaboration revealed other companies' strengths and skills, prompting us to engage in open innovation and co-creation with 
companies in related industries”- HBI  

• “Finding the right partner was the most valuable outcome for 

us” - AE  
• “The challenge has been a lack of information on networks and identifying partners for co-creation beyond our supply chain… the ecosystem engagement helped us to know more about potential partners in co-creation” - GM 

Learning about partner management  

• “In collaborative projects, we learn about new technologies that 

help us to develop digital competencies” – CM  
• “We have used research facilities of the university for our product development; it increases our capability to see the future 

of 3D printing of copper” – MD 
• There is an opportunity to be heard, for example, Finnish Energy (lobbying). They have found new technological 

opportunities that they couldn’t have found otherwise – HBI 

Technological learning  Technological capabilities development 

• “Our customer (large firm) brings knowledge on emerging technologies and co-creation projects with other partners are 
helping us to build new technological solutions” – MD 

Technological co-creation  
• “We collaborate with our customers and competitors; this benefited us greatly, and it added to our learning and capability 

to offer more services/products to our customers” – PM1  
Capability to capture new markets  

Capabilities to develop 
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• “Customers bring knowledge on the international market and increased our ability to introduce new products and expand our 
operations to new market territories (internationalization)” – HBI 

business and new markets 

• “We bring companies to collaborative projects to show them new business opportunities, orientation to potential international 
markets, and possible modes of entry” – PM2  

• “We provide business design services, mainly with small-sized 
companies. Then, if we go into more details, it’s the prototyping 

of business design and opportunities companies can gain” - IM 

Business development  

• “Through collaborations, we learned about sharing the spillovers; even with competitors, we did it” – CEO7 
• “Engaging in collaborations helped us to find partners with 

common interests… with competitors, we have been able to bring innovations to our products” – CEO4 
• “We have made business proposals together with the competitors 

to win larger projects” - CEO5 

Operational capabilities  Innovation process capabilities development 

• “Big benefit of collaborations is that together we grow bigger; the gained knowledge builds futuristic mindset” – CEO5 
• “Collaborations helped us to gain knowledge and increase our capability to recognize new opportunities” – CEO3 

Strategic capabilities  

• “Although the new technologies are not affecting the core competence of the company, they are affecting the processes of 
the company” – PM1 

• “New knowledge on new technologies, business opportunities, and customer thinking is important for us to stay competitive, so 
collaborations are a good way of accessing new knowledge” – CEO3  

• “Exploring and testing new innovative ideas require a 

considerable amount of money and resources… this opportunity (ecosystem collaborations) helped us to exchange our ideas with like-minded companies and bring it to co-creation without thinking of the money that much” - CM 

Triggers and motivations for collaboration  

Enablers of Ecosystem Collaboration  

Contextual factors • “Biggest challenge was to intake companies having direct 

competition and does not complement their product portfolios” PM2 
• “Our product is unique but built on new technologies and sharing technological knowledge can lead us to loss of 

competitive advantage” – HBI  
• “Biggest challenge was trust, it can be an enabler too but if you 

don’t have trustworthy relations, it is hard to collaborate on 

something concrete”- AE 

Risks and challenges in collaboration  
 Barriers to Ecosystem Collaborations 

 
These aggregated themes represent the abstract dimensions of the analysis. Figure 1 describes how 
the themes and subthemes intertwine. The reliability and validity of the results were ensured 
through triangulation of the data [69]. The authors individually reviewed the transcription of 
primary and secondary data to verify the validity of information and reduce the risk of ambiguous 
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interpretation. This was followed by cross verifying the analysis and findings among the authors 
to develop a shared interpretation of the collected information. In addition, a three-step process 
was followed for triangulation: the results were reconciled with focus group discussions conducted 
on two separate occasions by the co-authors with SMEs and representatives of the intermediary 
firms. Secondary data from various sources (e.g., firms’ websites and reports), were analyzed to 

supplement the interviews. Finally, the theoretical setting was refined. 

 Figure 1. Knowledge exploration and exploitation for innovative capabilities of SMEs  4. Results 
4.1 Profile of Respondents 
Participants in this study included top-level management, middle-level managers, and operational-
level employees. Selection criteria were determined based on information provided by key 
informants, employing multiple criteria as outlined by Yin [70], such as the characteristics of the 
ecosystem in which they operated, their spatial proximity to other ecosystem members, 
collaboration with stakeholders within the ecosystem, and active engagement in collaborative 
activities. In addition, the selection of participants was based on their relevant experience and 
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expertise related to the topic. This criterion ensured that the selected knowledge ecosystem had 
sufficient interactions and collaboration with ecosystem actors addressing issues related to the ICs 
of SMEs. The sample included SMEs, a large firm, and intermediary firms. Among the SMEs, 
approximately 69% operate in the services sector, and 31% are from the manufacturing sector. 
Please see Appendix 1a for a description of interviewees from core value chain actors, part of this 
study. 
A total of 33 semi-structured interviews were conducted with selected interviewees (i.e., 18 SMEs, 
1 large firm, and 14 intermediary firms) from May 2021 to February 2022. Please see Appendix 
1b for a description of the intermediary firms included as part of this study. 
4.2 Description of dimensions of knowledge ecosystem 
This section presents the interactions between knowledge ecosystem actors and the conceptual 
dimensions of the observed ecosystem. The ecosystem comprises two structural layers of actors: 
(1) heterogeneous complementary actors, including SMEs, their suppliers, customers, competitors, 
and firms from other industries, and (2) anchor actors, represented by intermediary firms that serve 
as facilitators and collaborators. Intermediary firms were identified as keystone actors, facilitating 
knowledge exchange, innovation processes, and capacity builders in the studied knowledge 
ecosystem. The collaboration between heterogeneous complementary actors was important for 
executing the collaborative projects and achieving set outcomes.    

From the spatial proximity perspective, all ecosystem actors were located within close 
spatial proximity to one another (within 25 km), enabling strong social ties to be formed among 
heterogeneous complementary actors and making intermediary organizations keystone actors in 
collaborations. Despite already having interdependencies in their traditional supply chains, most 
heterogeneous complementary actors collaborated at the inter-organizational level, extending their 
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collaborations beyond their traditional supply chain actors to include technology providers, 
competitors, and firms from other industries. This cross-industry interaction enabled firms to 
leverage the skills, resources, and competencies of collaborating firms, enhancing specific 
knowledge, resources, and experiences for new knowledge creation and reinforcing 
interdependencies among ecosystem actors. In-depth analysis shows that competitors bring 
complementary skills and resources to collaborations, while suppliers and peer SMEs have a 
significant role in the development of mutually beneficial technologies, and customer-supported 
collaborations by providing important insights for new ideas in product development; pushing for 
new solutions and process efficiency; and act as a strategic partner for long run projects. 

We identified three distinct roles of intermediary firms, i.e., knowledge brokers, innovation 
facilitators, and capacity builders to enact ecosystem collaborations. In their knowledge brokerage 
role, intermediary firms utilized their expertise to identify and connect diverse knowledge sources 
to facilitate the exchange of innovative ideas and help them find partners with complementary 
skills. Such a role is played by organizing matchmaking and awareness events, e.g., workshops, 
seminars, delegation meetings, company visits, and exchange of expertise. They also act as neutral 
actors and enable trust-building among competitors (coopetition). Trust-building initiatives in 
coopetition include evaluating the skills and competencies of competitors, facilitating social 
interaction among top management, providing co-working space, and enhancing openness and 
transparency in communication.  

Similarly, we found that sample intermediary firms acted as innovation facilitators as they 
were involved in designing, executing, and implementing collaborative research and industry 
projects to enhance ecosystem actors’ organizational level capabilities and enhance their offerings. 
These firms were involved in leading and facilitating a variety of projects, such as projects related 
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to mapping innovation competencies of SMEs, enhancing SMEs’ learning on emerging 
technologies implementation and utilization, and helping SMEs in developing innovative products 
and services. They also facilitated projects that aimed to support SMEs in finding new markets 
and customers, developing collaborative platforms for manufacturing sector SMEs, and testing 
innovative ideas and new technologies through technology labs.  

The empirical evidence indicates that intermediary firms also played the role of capacity 
builders by providing capacity-building provisions. This rather new role is defined by carefully 
examining the broader agenda, activities, and roles performed by intermediary firms on operational 
and strategic levels within the studied ecosystem. Such a role was enacted by developing 
specialized training programs and mobilizing resources to overcome previously identified 
competencies and skills gaps among collaborating SMEs. They also redesign collaborative 
projects to support the application of newly generated knowledge into organizational and 
ecosystem-level solutions. In doing so, intermediary firms actively support the entire project 
lifecycle, ensuring the successful absorption of collaboration output and effective use of public 
funds. The capacity-building role of intermediary firms also had important implications for 
redefining roles, responsibilities, and re-alignment of structural dependencies among ecosystem 
actors, leading ecosystem actors to co-evolve over time. Table 3 explains the utilization of the 
conceptual dimensions of the knowledge ecosystem in current research.  
Table 3. Empirics on conceptual dimensions of studied knowledge ecosystem 

Ecosystem dimension Empirics 
Inter-dependencies  “We collaborated with an open mind to learn about new technologies. Recognizing the potential of our partners, we invested our resources and are now about to launch new 

services that would have been difficult to develop alone”- GM 
“Improving digitalization capabilities required us to collaborate with competitors and complement resources in co-creation. The goal was precise, and we got partners committed to the common cause. We formed relations to work on an open innovation base concept technology development”- PM1  
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Co-evolution  “We, as an intermediary, learned from our previous experience on facilitation. Based on learning, we decided to go for the ecosystem approach and engage other intermediaries to get financial and strategic support for collaborations; in this way, we can engage companies in utilizing the project outcome rather than just creating the project and not 
following the outcome utilization” – PM2  
“In the initial phases, we were more focused on knowledge search, but over time, we realized the potential of and skills of our partners who can help us utilize the created knowledge. Within the collaboration, we formed a new project to see possibilities of utilizing this knowledge in the development of a collaborative platform for manufacturing 
companies… this also created space for new entrants” – MD Spatial proximity  “The physical distance is still a challenge if we want to collaborate with international 

companies in our industry…Then we look for companies and collaborations in the local context for knowledge and information sharing because knowledge is key in our industry” - PM1   Although initial trust is there because most of us (collaborators) know each other already. But proper confidence was built by mixing teams between partner companies and doing things together at co-located spaces – AE  Strong social ties  “The personal chemistry and reputation of entrepreneur matters a lot especially when most 

of the companies in the same industry knows each other well” – CEO7  
“Contractual approach is good for IPR protection, but what matters most is the skills of collaborator and their reputation. Since most of the collaborating companies came together 
either known by the university or through another company reference” – HBD   Outcomes  “The main goal is to develop a shared platform for production and product development companies. For the same reason, we complement each other with skills, expertise, 
knowledge, and resources” – MD   
“Digital technologies are changing competitive advantage in our industry and bring many opportunities. For us, going into collaborations is the best way to gain knowledge and know-how on using new technologies for business opportunities” – HB)  Stakeholders  The presence of intermediary organizations and heterogeneous complementary actors, including SMEs, their customers, suppliers, and competitors - (Appendix 1a & 1b)  

4.3 Ecosystem collaboration and innovative capabilities development  
The study’s empirical analysis shows that collaboration within the observed knowledge 

ecosystem significantly benefits all participating actors, underscoring the critical role of 
collaboration in supporting SMEs’ development of innovative capabilities. These collaborations 

enable SMEs to acquire new knowledge and provide resources and opportunities to integrate 
externally acquired knowledge into their organizational offerings. However, most SMEs lack the 
resources to absorb innovative ideas fully and face traditional innovation challenges.  
4.2.1 Developing Collaborative Capabilities   
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The results show that collaboration within ecosystems supports SMEs in raising their 
awareness of knowledge and innovation networks in the early phase. In this context, intermediary 
firms play a significant role in identifying and making connections between actors, forming 
collaborations by utilizing their expertise and skills to match-make different actors and help them 
find common ground for collaboration activities. Match-making and partner selection were 
facilitated by intermediary firms through workshops, seminars, and knowledge search projects, 
enhancing interactions between actors and fostering shared understanding. Intermediary firms 
increased SME awareness of broader knowledge and innovation networks with SME 
representatives emphasizing the value of these interactions for finding business opportunities and 
engaging in open innovation-based collaborations. As mentioned by the respondent: 
“These collaborations open our mind for the importance of open innovation and co-creation. We feel open innovation and co-creation bring value to our company, and they are also important for 
the future competitive advantage of the company” – (GM)   
While raising awareness of knowledge and innovation networks was seen as a stepping-stone, it 
was complemented by the SMEs learning about how to manage partner relationships to build 
collaborative capabilities. In this regard, the purposefully designed projects provided SMEs with 
an opportunity to explore co-creation opportunities with heterogeneous complementary actors, 
aiming to collaborate on the development of solutions. Empirical evidence suggests that such a 
process strengthened SMEs’ ability to identify, evaluate, and prioritize those partners most suitable 
for developing long-term and effective collaborations. In the respondent’s words:  
“When it comes to developing solutions together, we started a specialized project that promotes co-learning by doing things together (at the same place) - (PM3) 
“Knowing your partners in collaborations is vital, especially knowing their skills, commitment, and quality of collaboration (performance against promised targets) matters a lot. When you 
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collaborate reputedly and work closely in teams, it helps you in forming future collaborations 
also” – (CEO4) 
4.2.2 Developing technological capabilities  

All SMEs expressed interest in learning about emerging technologies to enhance their 
business operations. They believed that superior knowledge of these technologies could give them 
a competitive edge by improving efficiency, creating new business opportunities, and enhancing 
customer experiences. However, as one respondent explained, they lack knowledge of technology 
implementation and utilization, and have concerns about the cost-benefit ratio implementation:  
“The challenges about technologies are strategic challenges, for example biggest one is, what is the cost-benefit of new technology utilization?” – (GM)   
“Digitalization is like a horrible jungle. We need a lot of knowledge before starting to implement 
technologies” – (PM3) 

Collaboration within knowledge ecosystems was observed to support SMEs in developing 
their technological capabilities through technological knowledge search and co-creation. This 
process enabled SMEs to interact with technology providers and solution developers, learning how 
to utilize emerging technologies in various processes. Empirical data also showed that, beyond 
technological knowledge exchange, core value actors co-developed technological solutions in a 
variety of projects, thereby enhancing SMEs’ technological capabilities. Technological knowledge 
sharing included the sharing of case studies and best practices with university research experts. 
This form of co-creation enabled SMEs to develop customized solutions for digitalization 
challenges. During the knowledge search, actors shared experiences, challenges, and benefits of 
technology use, while technology providers highlighted trends and applications across industries. 
Initially, firms exchanged knowledge on platform development, forming their concepts of 
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technology implementation. In the next phase, they collaborated intensively to develop these 
platforms, indirectly improving their technological capabilities. As one respondent stated: 
“The co-creation is a cost-effective way to use technologies. Using this (co-creation) approach, our company has been able to learn and exchange information on the implementation process of 
3D Manufacturing in our manufacturing systems… it has helped us greatly to integrate new technology in our system and build digital related competencies" – (MD) 
4.2.3 Developing capabilities to create new business models and markets  

Further analysis demonstrated that co-creation processes enhanced SMEs’ business models 

and facilitated new market development capabilities. Collaborating in co-creation projects with 
ecosystem partners improved SMEs’ learning in product development, as diverse industry actors 

contributed their knowledge and market expertise. This collaboration encouraged SMEs to 
broaden their perspective on market trends, expand their customer bases, and identify new 
opportunities beyond their existing offerings. As one respondent highlighted: 
"Going into collaborations benefited us in two ways; one, it helped us learn to look for different options in the market and develop new solutions. Second, we also got to know the different perspectives and increase our abilities to improve the (existing) products" – (PM1)  

Intermediary firms were found to support SMEs’ market development capabilities by 
offering design and prototyping services. These services help SMEs understand the benefits, 
challenges, opportunities, and risks of developing new products. Intermediaries also provided 
platforms and orchestrated projects to enhance interactions and knowledge sharing between 
international firms and local SMEs, aiding in finding strategic fits and suitable modes of 
internationalization. An intermediary representative noted: 
“We bring these SMEs to match-making events to find potential partners, arrange seminars to raise awareness on their international business development, and engage with them to see their products and to evaluate their internationalization potential” – (CEO10) 
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4.2.4 Developing Innovation Process Capabilities   
Despite a focus on focal value, complementary actors in the knowledge ecosystem formed 

network-based partnerships to secure business opportunities. Empirical evidence indicated that 
SMEs use their collaborative capabilities to identify and choose partners for business value 
appropriation with interviewees noting that combined knowledge search and co-creation processes 
strengthen their relationships with competitors and complementors, allowing for further 
exploration and collaboration. For example, two manufacturing firms, who initially lacked 
resources for expansion, collaborated through ecosystem interactions to develop joint business 
proposals and execute larger projects. Similarly, a network of firms shared knowledge spillovers, 
while another project saw SMEs, competitors, and customers working together to develop new 
products using digital technologies. This collaboration integrated diverse skill sets, enhancing 
knowledge sharing and technological integration. 
"The customer perspective is most important for us; sometimes, we get bigger orders and don't get enough time to produce the solution. There comes collaboration when we look to our partners (including competitors) who might also have a solution ready for the customers. We collaborate to deliver the solution to the customer on time. Of course, it's a two-way process…… this has increased our operational capability to take large orders. We can say that collaboration brings good opportunities for us" – (CEO3)   
"Ecosystem participation helped us streamline our business and opened new business gates for 
us…. It has improved our expertise and knowledge to look and identify new business opportunities and clarify what is possible or not" – (GM) 
"Through these collaborations (ecosystem), we learned a lot of benefits and problems in 
collaborations… (due to this learning) we are moving forward to develop a common platform for production and product development to ensure that the cooperation between our company and the outsourced product development and production company works seamlessly" – (HBD) 
In addition, all SMEs highlighted the significance of collaborations in enhancing their strategic 
vision. They noted that such collaborations increase their capacity to review industry trends, 
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identify future challenges, and take advantage of business opportunities in their external 
environment. By engaging with a broader array of actors, SMEs can shift their focus from daily 
operations to recognizing new opportunities and fostering a growth-oriented mindset. This 
approach helps build strategic capabilities. The respondents explained this as follows: 
"Ecosystem participation helped us streamline our business and opened new business gates for 
us…. Basically, it has improved our expertise and knowledge to look and identify new business opportunities and clarify what is possible or not" – (GM) 
4.2.5 Contextual factors affecting ecosystem collaborations 
The study’s empirical analysis uncovered several important triggers and barriers to collaboration 

within knowledge ecosystems. SMEs primarily sought technological knowledge for implementing 
emerging technologies, tested innovative ideas, or sought partners for co-creation activities. The 
challenges in collaborating in ecosystems included aligning goals between partners, integrating 
competitors due to risks of knowledge leakage and Intellectual Property Rights (IPR) issues. 
Although challenges were identified, the intermediary firms addressed these through match-
making events, workshops, and contractual approaches to protect IPRs.  
“Co-creation and collaborations always bring opportunities for our company. These collaborations also help us to understand emerging technologies which are important for our company's competitive advantage” – (HBD) 
"The major challenges (in coopetition) include setting the benchmark to participate and protecting strategic knowledge from the competitors" – (CEO1) 
5. DISCUSSION 
This study examined collaborations within knowledge ecosystems from the perspective of SME-
specific appropriation, addressing current calls for future studies on developing SMEs’ innovative 

capabilities [2], [9], [20]. Specifically, the study addressed the important research question of how 
SMEs enhance their innovative capabilities through ecosystem collaborations. The results show 
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that such collaborations help SMEs overcome innovation challenges by engaging in a knowledge 
search process followed by co-creation projects to exploit the acquired knowledge. This research 
advances the current understanding of knowledge ecosystem collaborations and their critical role 
in developing SMEs’ innovative capabilities.  

Existing research emphasizes the importance of establishing strong social ties in supply 
chains and knowledge-sharing partnerships [71]. Collaboration within knowledge ecosystems 
enables SMEs to develop collaborative capabilities that are critical for identifying and selecting 
partners beyond their value chain networks. Intermediary firms serve as anchor tenants, providing 
support by raising SME awareness of innovation and knowledge networks [14], [72]. This 
matchmaking role is important for less experienced SMEs seeking external collaboration. 
Partnerships with diverse core value chain actors improve SMEs’ abilities to identify, evaluate, 
and select relevant partners while reducing risks associated with knowledge exchange, such as IP 
leakage. Furthermore, co-creating solutions allows SMEs to learn about the strengths and skills of 
their ecosystem partners, embedding these insights into their organizational memory. 
Consequently, SMEs in knowledge ecosystems are better equipped to develop collaborative 
capabilities and effectively identify partners for knowledge networks. 

Most SMEs struggle with technology adoption and innovation [73]. This study shows that 
collaboration within knowledge ecosystems can enhance SMEs’ technological capabilities for 
implementing and using technology. Such development relies on technological learning and co-
creation through structured ecosystem interactions. While existing research emphasizes learning 
with non-business actors [73], [74], this study demonstrates that co-creating with diverse 
complementary actors effectively leverages technological learning, particularly in resource-scarce 
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and uncertain business environments. Consequently, these technological capabilities enable SMEs 
to scan, contextualize, and integrate new technological opportunities into their operations.  

Ecosystem collaborations help SMEs create business models and market capabilities, while 
extensive co-creation activities improve intermediary firms’ understanding of these models, 
allowing them to evaluate and strengthen SMEs’ product portfolios for international markets. This 

finding aligns with previous research that shows that diverse collaborations improve firms’ 

marketing capabilities and customer bases internationally [75]. In addition, these collaborations 
help establish trust among partners, enabling competitors to explore shared business opportunities. 
This highlights that collaboration within knowledge ecosystems can lead to network-based 
partnerships for value exploitation [10] and contributes to current discussions on knowledge 
generation and exploitation within ecosystems [10], [11], [13]. Furthermore, specialized networks 
within ecosystems are seen to enhance SMEs’ project portfolios and customer bases through 

coopetition and spillover sharing. Effective use of knowledge flows in collaborations allows SMEs 
to develop a strategic vision beyond traditional supply chain issues [76]. Thus, knowledge 
ecosystem collaborations promote value co-creation and appropriation, enhancing SMEs’ 

innovative process capabilities.  
Finally, the results show that intermediary firms play a critical role in helping SMEs exploit 

identified opportunities through capacity-building activities. Specifically, they can transition from 
knowledge brokers to enablers, developing specialized co-creation activities that improve SMEs’ 

ability to integrate generated knowledge into practical solutions. These efforts develop SMEs’ 

skills in understanding, contextualizing, and utilizing external knowledge. While intermediary 
firms provide important capacity-building services, collaborations with complementary actors are 
also considered critical for opportunity exploitation. Intermediary firms, as non-business actors, 
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support economic development and innovation, whereas business actors focus on enhancing their 
market competitiveness through innovation and operational efficiency. Figure 2 presents the 
study’s empirically driven research framework illustrating how knowledge is explored and 
exploited within knowledge ecosystems to develop SMEs’ innovation capabilities.   

 Figure 2. Knowledge ecosystem collaborations and the innovative capabilities of SMEs 6. CONCLUSIONS 
This study aimed to examine the collaborations within knowledge ecosystems that support SMEs 
in exploring and exploiting knowledge to enhance their innovative capabilities. Empirical data was 
collected through 33 semi-structured interviews and two focus groups with multiple stakeholders 
(18 SMEs, 1 large firm, and 14 intermediary firms) from a knowledge ecosystem in the 
Ostrobothnia region of Finland. The study made several significant theoretical contributions and 
provided critical managerial implications, as detailed in the following sections. 
6.1 Theoretical contributions 
This study contributed to the current knowledge ecosystem [10], [11], [12], [13] and innovative 
capabilities literature [21], [22], [23], [24], [25] by explaining how collaborations within 
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knowledge ecosystems enhance SMEs’ innovative capabilities. It demonstrated that capability 
development results from combining knowledge exploration and exploitation within knowledge 
ecosystems. The novelty of this lies in identifying the synergetic effects of collaborations between 
heterogeneous complementary actors and intermediary firms, outlining each collaboration phase’s 

contribution to SMEs’ innovative capabilities. Compared to non-ecosystem collaborations, 
ecosystem collaborations develop various innovative capabilities, including collaborative, 
technological, business creation, and innovation process capabilities. Aligned with the knowledge-
based view [29], [30], the study’s findings prove that successful exploration and exploitation of 
external knowledge improves firms’ innovative capabilities. Specifically, SMEs jointly explore 

and co-create new knowledge to improve their ability to understand, contextualize, and utilize it 
for the development of innovative solutions. This process increases their collaborative, 
technological, and market development capabilities, while innovation process capabilities are 
developed through network-based collaborations to exploit future business opportunities. 

Within knowledge ecosystems, actors’ roles co-evolve throughout the collaboration process. 
While previous studies have highlighted keystone actors (i.e., intermediary firms) as knowledge 
brokers and facilitators  [10], [12], [14], this study identifies their new extended role as ‘enablers 

of capacity building provisions.’ In this role, intermediaries design and execute specialized 

activities to build the capacities of diverse actors to exploit explored knowledge. This extended 
role is critical for the knowledge ecosystem’s functioning and value creation for two reasons. First, 

it enhances actors’ capabilities through co-creation projects addressing specific challenges and, 
second, it broadens the ecosystem’s scope from knowledge creation to knowledge utilization, 
ensuring successful absorption of collaboration outcomes and effective resource use. This research 
also contributes to the current discourse on the scope of knowledge ecosystems, emphasizing that 
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they can be purposefully built and facilitated to exploit knowledge and solve actor-specific 
problems. Ecosystem partners co-evolve their roles and capabilities during collaboration, with 
keystone actors minimizing the gap between knowledge and business ecosystems. Despite 
technological advancements allowing for remote communication, spatial proximity remains 
crucial as most SMEs benefit from in-person and, more specifically, experiential learning [11], 
[46]. 
In summary, our study makes significant contributions to both practice and the engineering 
management literature by addressing a critical research gap concerning the role of knowledge 
ecosystems in fostering SMEs’ innovation capabilities. Practically, it highlights how collaborative 

interactions within ecosystems enable SMEs to overcome resource constraints and enhance their 
innovation capabilities through knowledge exploration and exploitation. By demonstrating the 
synergetic effects of collaborations between heterogeneous actors, such as SMEs, large firms, and 
intermediary organizations, the study provides actionable insights for SMEs to engage effectively 
in co-creation processes, access broader knowledge networks, and integrate external knowledge 
into their innovation strategies. These findings are particularly relevant for managers seeking to 
navigate complex ecosystem collaborations. 
In terms of contributions to engineering management literature, the study extends prior research 
by [78], [79], [80], and [81] on knowledge-based collaborations and technological innovation. It 
advances the understanding of knowledge ecosystems by emphasizing not only the role of 
exploration but also the often-overlooked mechanisms of knowledge exploitation. By broadening 
the scope of existing studies, this research provides an integrative framework linking knowledge 
ecosystem collaborations with the development of innovation capabilities, offering a valuable 
theoretical and empirical contribution to the field of engineering management. 
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6.2 Managerial implications 
This study offers several important implications for managers of SMEs with results serving as 

guiding principles for managers engaged in various types of ecosystem collaborations. SMEs must 
recognize the importance of knowledge-based collaborative ties within an ecosystem. They can 
categorize such collaborations into core partners and supporting intermediary firms, as these two 
types of firms have distinct goals and objectives within the knowledge ecosystem. Since SMEs’ 
internal innovations and capabilities are determined by the number of heterogeneous 
complementary actors, their diversity, and their activities within an ecosystem, such layered and 
coordinated network interactions are only considered rules of thumb to help them expand their 
organizational boundaries toward the bigger picture, i.e., the knowledge ecosystem, and access to 
wider networks and innovative ideas. Co-creation within an ecosystem can support SMEs in 
securing multiple benefits, such as developing their technological solutions and innovation 
processing capabilities, knowledge repositories of actors, processes, and funding opportunities, 
and capturing new markets and customers. Consequently, SMEs can realize the necessary tangible 
and intangible resources for their quest for innovation and prepare themselves to address the 
challenges of being small while enhancing their significance in an ecosystem. 

In addition, intermediary firms play a crucial role in supporting and connecting SMEs with 
relevant actors in the ecosystem. They extend their traditional roles by mobilizing resources and 
ensuring effective knowledge exchange to develop capacity-building provisions for knowledge 
exploitation. SMEs benefit from these extended roles by joining networks through joint activities, 
exploring and exploiting new knowledge to develop innovative solutions. This enables SMEs to 
identify available support functions, addressing both operational and strategic challenges. 
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6.3 Limitations and Future Research 
Interpretation of the study’s results must be considered within certain limitations that 

provide avenues for future research. The empirical setting of this study focused on SMEs within 
the knowledge ecosystem, which potentially differs from ecosystems where research institutions 
play a more dominant role. Consequently, future research could examine the orchestrating roles of 
universities and research institutes in managing ecosystems, particularly in their engagement with 
SMEs. Conducted within a regional knowledge ecosystem, this study’s findings may not be fully 

generalizable to other types of ecosystems, such as innovation, business, and entrepreneurial 
ecosystems, limiting their external validity. Therefore, researchers are encouraged to validate the 
results of this study in other types of regional knowledge ecosystems. In addition, as this 
exploratory analysis included both manufacturing and service SMEs, future studies could examine 
these sectors separately to compare their characteristics and activities from an open innovation 
perspective, providing a more thorough understanding of how different types of SME engage in 
such collaborations. Investigating the diverse roles of large firms within a knowledge ecosystem, 
especially given SMEs’ traditional role as suppliers, would also be intriguing. Similarly, exploring 

how innovation intermediaries influence interdependent actors, in terms of transaction costs and 
resource complementarity, could provide important insights for SME managers. Lastly, adopting 
a quantitative approach to examine various levels of analysis offers an interesting avenue for future 
research, enabling scholars to assess the impact of interactions at different scales. 
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Appendix 1a – Description of interviewees from core value chain actors 
Interviews Participant position  Experience (years)  Sector Products/services Gender  

SMEs 1 CEO (CEO1) 30 Services Building maintenance Female  
2 CEO (CEO2) 14 Services Distributors Male 
3 CEO (CEO3) 5 Services Information Technology  Male 4 Head of Business Intelligence (HBI) 4 Manufacturers Energy and District heating solutions Male 
5 Head of Business Development (HBD) 4 Manufacturers  Light manufacturers  Male 
6 Automation Engineer (AE) 2 Manufacturers  Moveable power plants Male 
7 CEO (CEO4) 5 Services Information Technology Male 8 CEO (CEO5) 11 Services  Games, software, and user-experience Male 
9 Software Engineer (SE) 1 Services Educational consultancy  Male 10 Project Manager (PM1) 4 Services Educational consultancy  Male 11 CEO (CEO6) 3 Services Marketing consultancy  Female 12 Communication Manager (CM) 21 Manufacturers Waste Process Plant Female 
13 Group manager (GM) 8 Services Wind Power Consulting Male 14 CEO (CEO7) 12 Services Research and consultancy in B2B  Female 
15 Managing Director (MD)  9 Manufacturing  Metal supply  Male 
16 Chief Technology Officer (CTO)  15 Services Information Technology and consultation Male 
17 CEO (CEO8) 5 Services Peer-to-peer service platform  Male 
18 CEO (CEO9) 12 Services  IT services and consulting Male  

Large firm 19 Operations Center Manager (OCM) 11 Manufacturing  Energy production and distribution Male 
 
Appendix 1b – Description of interviewees from intermediary organizations 

Interviews Participant position Experience (years) Firm’s agenda  Gender Types 
1 CEO (CEO10) 4 Provides support activities to SMEs and large firms in the digitalization and internationalization process. 

Male Private  

2 Manager Development (MDV)  
3 Technology center that facilitates collaboration between ecosystem actors. Male Public-private 

3 Project Manager (PM2) 2 Technology center that facilitates collaboration between ecosystem actors. Male Public-private 4 Incubator Manager (IM) 3 Provides an incubator for SME development in the region. Male Public 
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5 Project Manager (PM3)  10 Promotes, initiates, and facilitates various activities, projects, and collaborations for developing innovations in the region. 
Male Public 

6 Executive Director (ED) 8 Promotes SMEs and entrepreneurs in the region. Female Private 
7 Development and Business Manager (DBM)  

5 Policy making, structural planning, and support for business development. Male Public 

8 Senior Specialist (SS1) 1 Innovation and commercialization.  Male Public  
9 Senior Specialist (SS2)   1 Innovation and commercialization. Male Public 
10 Senior Specialist (SS3) 1 Innovation and commercialization. Female Public 
11 Director 1  8 Provides an incubator for SME development in the region. Female Public 
12 Director 2 14 Education and research. Male Public 13 R&D Manager  13 Education and research. Female Public 14 Dean 2 Education and research. Male Public  
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