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Abstract
Orchestrating relationships between heterogeneous actors in a process of exchanging
knowledge and insights to co-create value is a challenging task within innovation ecosystem.
Recent studies have shown that orchestration can be done by a focal firm. However, this is not
always the case, particularly in some context, where there are no focal firms. While the
innovation literature emphases the role of intermediary organization in orchestrating complex
relationships between actors, the role of such actors in ecosystems studies has usually been
overlooked. We provide evidence of the role of such organizations using an empirical case
study of 123 companies involved in industry 4.0 development in the Hauts-de-France. Our
results show a positive influence of intermediary organizations, such TTOs, Pôle de
Compétitivité and Business Incubators in orchestration of relationships and value creation
related to industry 4.0. Our suggests that complementarities between specific intermediary
organizations could provide a true middleground in order to deal with challenges about
orchestration of complex relationships between heterogeneous actors in innovation
ecosystems. Therefore, the literature on innovation intermediaries is useful for ecosystem
studies to provide a better understanding about orchestration of complex relationships within
ecosystems where there are no focal firms.
Keywords: Intermediary Organization, Innovation Ecosystems,
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1. Introduction
In the last decades, the ecosystem concept has attracted considerable interest among
scholars, policymakers, and practitioners (Adner, 2017). Moore (1993), drawing insights from
the biological field, defines the notion of business ecosystems as "the organisms of the business
world." It is an economic community of loosely interrelated actors, including companies, as
well as formal and informal shareholders, who enter into a competing and cooperating
dynamic, coevolving in their capabilities and sharing knowledge, resources, skills, and
technologies. The notion of a business ecosystem emphasizes the economic interests of an
"anchor organization", which will orchestrate its interactions with various actors aiming at
capturing value (Iansiti & Levien, 2004).
Building upon the initial Moore's work, other streams of scholars (Autio and Thomas
2014; Adner 2006) propose the notion of innovation ecosystems with a focus on value creation.
The focal point is the analysis of how various heterogeneous entities participate in a process of
exchanging knowledge and insights, act on their environment, and co-create new value through
innovation (Cohendet, Simon, and Mehouachi 2020).
Because of the complexity of interactions and because innovation ecosystems are not
always governed by a central formal entity (Russell and Smorodinskaya 2018), the task of
orchestrating these relationships can be challenging. The question of who and how some actors
orchestrate innovation ecosystems remains unexplored.
Literature on business ecosystems has put forward the role of one focal firm as an
orchestrator; literature on platform ecosystems in the context of an open economy has clearly
identified digital platforms as the orchestrating entity (Gawer and Cusumano 2014). More
recently, studies in creative industries have worked on the role of the “Middleground” as a new
type of platform sector, specific to innovation ecosystems (Cohendet, Simon, and Mehouachi
2020). However, these entities are embedded in specific contexts or sector-specific. For
example, business ecosystems focus only on interactions between companies, platform
ecosystems are only digital and the “Middleground” is specific to the creative industry.
Considering these studies, what can we say about the orchestrating entity innovation ecosystem
where there are no focal firms?
For the past two decades, the concept of innovation intermediaries has been
considerably growing in the context of open innovation but also in the literature on universityindustry interactions. Intermediary organizations, such as Clusters, Innovation Agency,
Science parks, incubators, Technology Transfer Organizations (TTOs), Collaborative Research
Centers (CRCs), etc., have been considered to play different roles in facilitating interactions
throughout the innovation process. However, the role of such actors in the literature on
innovation ecosystems has usually been overlooked. Our research question is then formulated
as follows: What is the role of intermediary organizations in the innovation ecosystem? How
do intermediary organizations facilitate the value-creation of firms in the innovation
ecosystem?
Our study aims to address this gap through a case study of companies involved in industry
4.0 in the Hauts-de-France region. The structure of the paper is as follows: Section 2 discusses
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the concept of innovation ecosystems, its orchestration, and the intermediary organizations.
Section 3 presents the research design and the data of the empirical study. We then present the
results in section 4 and discuss them in the last section.
2. Theoretical background
Innovation ecosystem: the role of complex relationships
The concept of innovation ecosystems has gained significant interest in the economic
and management literature. Its emergence is highly dependent on today’s innovation context.
Since the 1980s and especially since the 2000s, innovation has become highly interactive and
collaborative, often multidisciplinary and multidimensional (Russell and Smorodinskaya
2018). The interactive innovation model (Kline and Rosenberg 2009), Mode 2 (Gibbons et al.
1994), Triple Helix (Etzkowitz and Leydesdorff 2000), and open innovation (Chesbrough
2003) all contributed to this change. In line with these models, the concept of innovation
ecosystem allows to account for an ecosystemic vision of innovation, which stresses the
importance of interactions.
An innovation ecosystem is defined as a complex network composed of a set of
heterogeneous actors (with different attributes, behaviors, and objectives) interacting formally
and/or informally and co-evolving in a strategic context whose goal is to develop innovations
(Boyer 2020; Granstrand and Holgersson 2020).
A key aspect of an innovation ecosystem is the existence of complex relationships
between heterogeneous actors in a given strategic context (Valkokari 2015). These
relationships facilitate the capacity for firms to develop innovations (Luo 2018) and increase
the global adaptability of the ecosystem to rapid change (Roundy, Bradshaw, and Brockman
2018). The growing complexity and integration of relationships unfold in four stages:
networking, coordinated networking, cooperation and collaboration (Camarinha-Matos and
Afsarmanesh 2008; Russell and Smorodinskaya 2018).
Networking is placed as a less integrative relationship, as it only involves
communication and information exchange. Coordinated networking is the alignment of
activities that will benefit and support the complementary goals of the actors involved. Then,
cooperation refers to the loose coordination of the individual actors' activities aiming to achieve
compatible goals by working apart.
At last, collaboration is the most advanced process of interactive communication
amongst actors, where co-creation takes place through shared activities, strategy, responsibility
and goals. Several definitions (cf. (Thomson and Perry 2006; Camarinha-Matos and
Afsarmanesh 2008) of collaboration share light on several characteristics that this type of
relationship requires. Taken together, collaboration is a process where networked actors endure
continuous negotiations to blend interests, coordinate mutual activities, and achieve a common
goal.
Moving from networking to collaboration requires higher levels of intentional
integration of goals, commitment and resources of the involved actors in the relationship. It is
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important to note, that these complex types of relationships may not happen in a progressive
stage-by-stage way, but instead in a non-linear way at varying stages.
It is important to note that collaboration does not exclude competition (CamarinhaMatos and Afsarmanesh 2008; Russell and Smorodinskaya 2018). Ecosystem actors in order
to increase their mutual benefit choose to remain in open competition; this was denominated
by Drucker (1993) and Porter (1990) as co-opetition. It implies a dynamic of continuously
balancing collaboration and competition between the legally independent actors. Which brings
a greater level of complexity to the relationships of the ecosystem.
Orchestration of complex relationships in innovation ecosystems
For Phillips and Ritala (2019), and Roundy, Bradshaw, and Brockman (2018), an
ecosystem may emerge and operate without a focal entity controlling it – that is, it selforganizes. Yet studies, both on business and innovative ecosystems underline the role that focal
firms play in the orchestration and design of actors’ relationships. Specifically, in the business
ecosystems literature, the keystone player concept was introduced by Iansiti and Levien (2004).
It is defined as the key organization that coordinates the relationships between the various
actors present in the ecosystem. The co-evolution actors stem from the alignment with a focal
firm and the value-added created throughout the collective innovation process.
Similarly, (Poblete et al. 2022) and (Aarikka-Stenroos et al. 2017) refer to keystone
actors that orchestrate relationships in an innovative ecosystem. The range of their tasks
changes over time, such as resourcing, coordinating, controlling, and leveraging, which
requires a variety of capabilities and adaptability.
Intermediaries of innovation: could they contribute to orchestration of ecosystem?
Firms interact with diverse actors in the innovation ecosystem. One category of actors
can be studied as intermediaries of innovation, which play a role in facilitating interactions. In
the open innovation paradigm, intermediary organizations have been studied as a separate
organizational class. Howells (2006, 720) defines an innovation intermediary as "an
organization or a body that act[s] as agent or broker in any aspect of the innovation process
between two or more parties”.
In the literature, we can find organizations, such as TTOs, Collaborative Research
Centers (CRCs), and Incubators, but also more regionally embedded actors, such as Innovation
Agencies, Clusters, and Science Parks. More recently, other emerging intermediaries such as
Openlabs, Falabs, Livinglabs (Agogué, Yström, and le Masson 2013) have also been
mentioned in the literature. These are all different intermediaries that play a specific role;
however, their general function is to facilitate interactions between diverse actors.
Intermediaries of innovation have the capability to build relationships with high
relational involvement with long-term prospects between different actors. More specifically,
intermediaries can trigger, mediate and facilitate interactions between different actors by
pursuing different activities that can be summarized in ten functions (Howells 2006):
1. Foresight and diagnostics
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2. Scanning and information processing
3. Knowledge processing and combination/recombination
4. Gatekeeping and brokering
5. Testing and validation
6. Accreditation
7. Validation and regulation
8. Protecting the results
9. Commercialization
10. Evaluation of outcomes
Intermediaries have networking, brokering activities capabilities. They can provide
information about potential partners, they can act as a broker of a transaction between parties,
but also as a mediator between collaborating actors. In addition, they can give advice, find
funding, and support for the innovation outcomes. More recently, a third role has been added
to the intermediary as an “architect of collective exploration” (Agogué, Yström, and le Masson
2013). This highlights the co-creation aspect vital to innovation ecosystems.
With these functions, intermediaries can facilitate and coordinate interactions between
different actors. Even though orchestration of an innovation ecosystem has been developed
with the role of an anchor organization in the business ecosystem or through the theory of the
“middleground”, the role of such intermediary organizations has not been yet developed in the
innovation ecosystem literature. We tackle this gap by focusing on an empirical case in industry
4.0.
3. Empirical study
The main goal of our empirical study is to analyze the role of intermediaries in value
co-creation in innovation ecosystems. We focus on the ICT and digital ecosystem in the Hautsde-France region (France). The term Industry 4.0 refers to the advent of "cyber-physical
systems" based on: interconnection, smart machines, augmented worker's capabilities, and the
integration of disruptive technologies into the industrial process. Examples include adaptive
robotics, additive manufacturing, cloud technologies, virtual and augmented reality, Artificial
Intelligence, Digital Twin, cybersecurity, Industrial Internet of Things, etc. (Patnaik 2020).
Adaptation to Industry 4.0 is a great issue for Hauts-de-France policy-makers and
practitioners due to the region’s industrial past and industrial fabric, faced with the threats of
digitization (Stevens and Paris 2000; Boyer, Ozor, and Rondé 2021). The ecosystem approach
is key to Industry 4.0 development because it provides tools and mechanisms that could foster
adaptation to the new technological paradigm and relevant framework to complex value
creation and co-evolution of actors and technologies (Benitez, Ayala, and Frank 2020).
The Hauts-de-France ICT and digital Innovation Ecosystem refer to the complex and
multi-actor networks perspectives of the ecosystem (Tsujimoto et al. 2018; Boyer, Ozor, and
Rondé 2021). This ecosystem is built around three main networks that are interconnected: 1)
A hub innovation network around Euratechnologies, which is both a Business Incubator and
Innovation Park, hosting 300 innovative companies; 2) 125 actors involved in the Pôle de
Compétivité Picom by Cap Digital, which is a French-specific organization that promotes the
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development of collaborative projects in R&D; 3) IoT cluster with more than 50 around the
CITC organization.
The ICT and Digital Innovation Ecosystem in Hauts-de-France promote dense and
complex relationships between heterogeneous actors (Boyer, Ozor, and Rondé 2021).
Diversified relationships between actors in this ecosystem refer to:






Complementary relationships through collaborative R&D projects.
Relationships around start-ups – that is, relationships between large groups/start-ups,
research centers, and start-ups or business angels and start-ups.
Informational and communicational relations where information and knowledge
sharing between actors are promoted.
Learning relationships throughout dedicated training, professional courses, seminars,
workshops.
Informal relationships, mainly throughout tech and digital events and innovation
communities, such as Catalyst, Anis.

Orchestration of such diversified relationships within the ecosystem is ensured mainly
by Euratechnologies, CITC, Pôle de Compétivité, but also by other organizations, such as the
SATT (Tech Transfer Acceleration Companies), which is a TTO, and Openlabs (Fablab,
Techshops, Makers Spaces…).

4. Method and data collection
We used a case study of 123 companies involved in industry 4.0 development in the
Hauts-de-France to analyze factors that affect the involvement of companies in the industry 4.0
paradigm as providers of industry 4.0 technologies and solutions. We assume the perspective
of industry 4.0 technology providers’ companies is better to capture the value creation of firms
while the perspective of technology users' companies might be rather addressed by the
technology adoption literature approach (Srivastava et al. 2022).
We collected data from an original survey of 123 managers of firms (33% of the
estimated population) that are identified by the Regional Innovation Agency (HDFID), as
officially involved in the industry 4.0 development in the Hauts-de-France region.
We performed logit models to test the influence of direct relationships or diversity of
relationships with universities, companies and intermediary organizations on the probability
to involve in the industry 4.0 paradigm as providers of Industry 4.0 technologies and solutions.
We consider the following intermediary organizations: TTOs, Pôle de Compétivité, Business
Incubator, and Openlabs. The model can be written in the following mathematical form:
𝑃

𝐿𝑖 = 𝑙𝑛(1− 𝑖𝑃 ) = 𝛼 + 𝛽𝑋
𝑖

𝐿𝑖 is the log of the probability that the company involve in industry 4.0 as providers of industry
4.0 solutions
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p= P (Y = 1), with P (Y = 1): is defined as the probability that company develop industry 4.0
technologies or solutions and 0 otherwise.
X is defined as the vector of independent variables.
Here are our variables of interest:
U_I_link refers to the existence of direct relations with the university or research
organization and U_I_div, expresses the number of different forms of relationships that a given
company develops with the universities or research organizations. It is the same for TTOs
(TTO_link and TTO_div), Pôle de Compétivité (Pol_Link and Pol_div), Incubator (Incub_link
and Incub_div), and Openlab (Lab_link and lab _div), except for firms we used only Firm_div.
Besides variables related to the roles of intermediary, we use control variables that
express the size of the companies (size_comp), which is a categorical variable using INSEE1
classification (start-up, micro, SME, medium companies (ETI), and large companies), the level
of regional public support (Aid_Region), the shares of engineers or bac +5 or more in total
employees of the companies (Skil_workers).
5. Main findings
As table 1 shows, the primary industry 4.0 technologies exploited by firms in the Hautsde-France align with the ICT and digital ecosystem technological and industrial specialization
such as Cloud computing, big data, IoT, IA. In the ICT and digital ecosystem in Hauts-deFrance, we find major actors, which contributes to:
1) Cloud computing technological development such as OVH, the main French company,
which develop cloud solutions
2) IoT development such as the CITC that lead the IoT cluster, with more than 50 actors
3) Big data and IA development such as IAHDF, which manage a network of 36 actors
dedicated to the IA development

1

National Institute of Statistics and Economic Studies (France)
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Table 1 - Main Industry 4.0 technologies exploited by companies in the Hauts-de-France region

According to our descriptive statistics, table 2 shows that 53% of the companies
involved in the industry 4.0 paradigms are providers of industry 4.0 technologies, while 59%
are users of industry 4.0 technologies. However, 13% are providers and users of industry 4.0
technologies.
According to the categories of companies' start-ups seems to be more likely providers
of industry 4.0 technologies, and ETI and large companies seem to be more likely users of
industry 4.0 technologies.

Table 2 - Sample of companies exploiting industry 4.0 technologies in Hauts-de France
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Table 3 - Categories of actors of the ecosystem with whom firms are involved in the industry 4.0 paradigm develop
relationships for their innovative activities

Our econometric results (Model 1, Model 2) show that direct and diverse relations with
universities and research organizations do not affect the probability to be involved in the
industry 4.0 paradigm as providers of technology and services related to Industry 4.0. It is the
same for relationships with other companies, part of the ecosystem (Model 3).
However, the existence of relations, and the more the relationships are diversified with
intermediary organizations, such as TTOs, Pôle de Compétitivité, and Business Incubator, the
likelihood to develop industry 4.0 technologies and solutions by firms (model 4, model 5,
model 6, model 7, model 10, model 11). Nevertheless, it is not the case for Openlabs, Fablab,
or Techshop (model 8, model 9).
Our results provide further precisions about the probability to be involved in the
industry 4.0 paradigm as producers of industry 4.0 technologies solutions. The higher the
proportion of engineers or bac +5 and more in the total employees in the company, the more
this company has the probability to be involved in the industry 4.0 paradigms as providers of
industry 4.0 technologies. Start-ups and SMEs (at a lower level) are more likely involved in
the industry 4.0 paradigm as providers of technologies and solutions. Finally, the age of
companies and public support does not affect the probability of companies developing industry
4.0 technologies and solutions.
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Table 4 - Results of econometrics models
.*Significant at 0.1 level; **significant at 0.05 level; ***significant at 0.01 level
An above 1 odds ratio means that there is a greater likelihood of getting the outcome, and an Odds ratio of below 1 means that there is a lesser likelihood of getting the outcome
As variable associated to business incubators (incub_link and incub_div) and startups are very highly correlated, we remove the variable Size in the models 10 and 11
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6. Discussion and implications
Our work demonstrates the relevance of a systemic thinking approach for ecosystembased strategies. The direct connection between companies and academic research
organizations and universities does not affect the likelihood for a given firm to design, develop
and provide technologies and services related to Industry 4.0. Intermediary organizations
within the innovation ecosystem foster indirect relationships, and there is positive knowledge
exchange between these actors.
In the context of local and regional ecosystems, where there are no focal firms to
orchestrate complex relationships, the role of intermediaries becomes crucial, especially to
allow SMEs to benefit from positive externalities from the strategic environment that provides
an innovation ecosystem. The importance of such intermediary organizations could be
explained also by the fact that an ecosystem is constituted of heterogeneous actors with
different attributes, goals, and behaviors or actors that are from different sectors of industries.
Therefore, in an ecosystem context, where there are no focal firms; intermediaries could reduce
institutional, sectoral, and knowledge-based barriers to promote interactions between
heterogeneous actors.
For instance, in an ecosystem context, based on their missions, TTOs could be
instrumental in orchestration of the ecosystem as mediators between different actors of the
ecosystem specifically in IP management. TTOs facilitate indirect interactions between firms
and public research organizations (PROs) by mediating their exchanges or brokering their
transaction, such as the distribution of IP when patents are developed. The presence of an
external neutral partner is essential when universities and firms interact within an open
innovation context where conflicts of interests could emerge.
In the same streamline, business incubators are also essential for developing
relationships between start-ups, and well-established companies and organizations (firms,
research organization, funding organizations) as well as supporting technological development.
They promote internal and external networking and organize activities that help developers
fund their projects (Good et al. 2019). It is likely that firms who participated in events organized
by incubators were able to expand their network and better exchange ideas. Here the
geographical aspect is highly relevant as incubators can facilitate direct and physical
relationships (Villani, Rasmussen, and Grimaldi 2017).
In a more regionally embedded scheme, Pôle de Compétivité could also play a role in
increasing geographic proximity by animating and organizing activities and events involving
different actors. These organizations might be good at initiating interaction between firms by
connecting them through different events and fostering collaboration by involving them in
collaborative R&D projects. Such collaborative R&D projects could promote complementary
relationships, where companies, universities/research laboratories, and public organizations are
involved and provide complementary skills and resources.
Finally, as collaborative innovation spaces, Openlabs could participate in the
orchestration of complex relationships between heterogeneous actors by offering cognitive and
physical space and opportunities for actors to co-design and co-create new products or services,
particularly industry 4.0 solutions, such as the Michelin Openlab. Openlabs are an emerging
type of intermediaries with different organizational forms that might not always serve the same
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purpose. Even in our models, there is no statistical evidence that they affect the probability for
a firm to develop industry 4.0 technologies or solutions. One explanation could be that it might
be hard for well-established firms to interact with Openlabs as they are emerging structures
that are not always well-established (see table 2).
There are complementarities between the role of intermediaries and the
“middleground”. While spaces, projects and events play a role in facilitating creation and
exchange of knowledge, the question of who organize and provide such platforms remains less
clear. We argue that intermediary organizations have the capacity to provide and manage a
middleground platform in order to orchestrate complex relationships between heterogeneous
actors of the ecosystem and to contribute to value creation.
Our paper contributes to the literature on innovation ecosystems by emphasizing the
role of intermediary actors and notably their role in orchestrating relationships between
heterogeneous actors (companies, universities, and research organizations). It gives avenues
for future research to study both conceptually and empirically the role and the importance of
intermediary organizations in innovation ecosystems, particularly in a context where there are
no focal firms.
For policy implications, our paper highlights the importance of intermediary
organizations to promote complex relationships between heterogeneous actors within an
ecosystem context, where there is no focal actor. Complementarities between intermediary
organizations could provide a middleground to foster interactions and co-evolution between
firms, particularly in the context of industry 4.0 new technological paradigm
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