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Abstract
Collaboration plays a key role in the success attained to date by networks of innovation ecosystems generated around entities
known asDigital InnovationHubs (DIHs), recently created followingEuropeanCommission initiatives to boost the digitisation
of the European economic fabric. This article proposes a conceptual framework that brings together, defines, structures and
relates the concepts involved in the collaborative interaction processes within and between these innovation ecosystems
to allow comprehensive conceptualisation. The developed framework also provides an approach that helps to tangibilise
collaboration as a management process. Here the goal is to ultimately move towards not only qualitative, but also quantitative
modelling to bridge the research gap in the state of the art in this respect. The data-driven business-ecosystem-skills-technology
(D-BEST) model, devised to configure DIHs service portfolios in a collaborative context, provides the reference basis for the
interorganisational asset transfer methodology (IOATM). This is the keystone that structures the framework and constitutes
its main contribution. Through the IOATM, this conceptual framework points out collaboration quantification, and serves as
a lever for its modelling to deal with collaboration accounting by: turning it into a more controllable management element;
guiding practitioners’ efforts to improve collaborative processes efficiency with an approach that pursues objectivity and
maximises synergies.
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Introduction

European small- and medium-sized enterprises (SMEs) gen-
erally face a volatile, complex andfiercely competitive global
scenario. They have a significant disadvantage in relation
to large companies and global corporations, which usually
better access financing, resources and skills acquisition; all
this enables the latter to compete with higher performance
levels and they, therefore, have more sustainability expecta-
tions (Bakhtiari et al., 2020). Indeed the obstacles that SMEs
usually encounter in acquiring, implementing and exploiting
digital technologies and skills respond to this pattern, which
implies slowing down their journey towards digital maturity.

SMEs are vital to the European Union’s (EU) economy,
and account for 99% of all EU companies and two thirds
of all private sector jobs. However, only 20% of European
SMEs are highly digitised, unlike large corporations whose
percentage reaches 50% (Gouardères, 2021). The European
Commission (EC) is aware of this. This is why it has been
promoting programmes and initiatives for years to foster
innovation and to facilitate SMEs’ digital transformation,
especially those in themost digitally immature sectors. In line

with this, a notable support line is to finance projects to cre-
ate and strengthen a series of regional innovation ecosystems
interconnected in a pan-European network. The main drivers
of such ecosystems are the so-called Digital Innovation Hubs
(DIHs), regional cooperation organisations made up of many
diverse partners whosemission is twofold: regionally, to help
entrepreneurs in the region to overcome innovation obsta-
cles and digital transformation difficulties by providing them
with easy access to knowledge and digital solutions (Miörner
et al., 2019), essential tools for success in today’s global mar-
ket; at the European level, to promote the implementation
of an interdisciplinary and collaborative network of innova-
tion providers, which will help to keep Europe in a position
of technological leadership in today’s complex geopolitical
scenario.

DIHs were initially conceived by the EC in 2016 as part
of the first industry-related initiative of the Digital Single
Market package and as one of the most important pillars
of the Digitise European Industry effort (Rissola & Sörvik,
2018). Since 2021, this effort is being complemented by the
figure of European DIHs (EDIHs) within the framework of
the Digital Europe Programme (HaDEA, 2022). This pro-
gramme initially plans to increase the capacities of the centres
selected by each member country to cover activities with a
clear European added value based on the collaborative net-
working of hubs and promoting knowledge transfer. EDIHs
will also support companies and public sector organisations
in using digital technology to improve the sustainability of
their processes and products, particularly regarding energy
use and reducing carbon emissions (HaDEA, 2022). DIHs
and EDIHs generally provide access to know-how and exper-
imentation, and to the possibility of “try before you invest”
by helping companies to improve business/production pro-
cesses, products or services that employ digital technologies.
They also provide innovation services, such as advice on
financing, training and skills development, which are neces-
sary for the success of digital transformation (EC, 2022).

This set of innovation-driving entities is generating a rela-
tional network within the geographical framework of EU
territory in which, from a hierarchical perspective, four rela-
tionship levels can be identified (Fig. 1): (i) DIH level: that
existing within each DIH between the organisations mak-
ing it up. A DIH is a one-stop-shop type structure that helps
organisations to bemore competitive by improving processes
and innovating products and services via digital technolo-
gies. It may include research centres, technology centres,
universities, private technology service providers, associ-
ations, Chambers of Commerce, incubator or accelerator
organisations, regional development agencies, and even gov-
ernmental organisations (EC, 2022) within a regional scope.
It is a space where it offers support services to organisations,
usually through a partner platform. The support services
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Fig. 1 Relationship levels within the pan-European space of DIHs action

that a DIH can offer include awareness raising of digitisa-
tion technologies, innovation exploration, developing visions
and strategies for companies, training, access to funds and
investments, collaborative research, advocacy and network-
ing events, among others (Georgescu et al., 2021). DIHs have
four main functions that characterise them, namely network-
ing, skills and training, pre-investment testing and access
to finance (Asplund et al., 2021); (ii) DIH ecosystem: that
generated in each individual regional innovation ecosystem
promoted around a specific DIH between it as an innovation,
knowledge, and technology provider, plus the organisations
receiving any services included in the DIH portfolio, typi-
cally SMEs that need support towards digital transformation,
albeit not exclusively; (iii)EDIH level: that which integrates
a set of networked DIHs into a group and turns it into a

collaborative network with presence beyond a specific EU
country. Such integration occurs by either belonging to a
joint project funded for this purpose or the existence of some
other type of transactional agreement betweenDIHs; (iv) The
highest level: the pan-European EDIH network: the level
of potential interaction in which the different existing DIH
groups in Europe, supposedly acting in competition, can cre-
ate cooperation channels by generating schemes of so-called
coopetition (Planko et al., 2019) or similar; e.g. in terms of
association or federation to defend their common interests
vis-à-vis administrations and society at large, which is still
an underexplored and underexploited space.

The interaction flows within this relational network
depend on several factors. They are mainly determined by
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the involved actors and their typology, their interests, strate-
gies, objectives, resources, capacities, initiatives, willingness
to work in collaboration, and the transactional formal or
informal agreements, that exist between actors. They also
depend on factors such as: the needs, in terms of digital
knowledge and skills, of the regional business fabric inwhich
they operate; the local, regional, national and European leg-
islation applicable in each case; or the degree and sense of
governments and public administrations’ intervention in the
cooperation processes at each interaction level.

The literature does not contain numerous contributions
on the study of DIHs. There are also some frameworks
and models that address some types of collaborative inter-
action between elements of some of the mentioned levels
of interaction, such as collaboration itself, or derivatives
such as cooperation, coopetition, funding, or institutional
support, among others. Yet, as far as we know, there is
no general conceptual framework that addresses the whole
above-described relational network and supports all the
possible basic potential interaction flows between all the ele-
ments at their relationship levels.

Based on the above, the main objective of this article is
to present a conceptual framework that, by building on the
above overview of the relational network of European inno-
vation ecosystems driven by EC Digitise European Industry
andDigital Europe Programme initiatives, supports the exist-
ing interaction processes horizontally along their relationship
levels, and vertically between them, fromdual qualitative and
quantitative perspectives. The research questions posed are
the following:

• RQ1 What characteristics define the interactions that take
place between the entities making up the DIHs relational
networkwhen collaborative processesmaterialise between
them?

• RQ2 What are the key dimensions of the interaction
processes between the entities that constitute the DIH rela-
tional network; what are their conceptual implications in
terms of a quantitative assessment of collaboration?

The rest of the article is organised as follows. Sect. "Litera-
ture review" defines the main concepts, delimits the research
scope, identifies the correlations between concepts shown
by the literature, explains the search method to review the
literature, presents the state of the art from the previously
explained methodology and selects the most relevant con-
tributions. Sect. "Discussion" firstly presents a conceptual
framework by identifying the key dimensions of the inter-
action processes that take place within a network from dual
qualitative and quantitative perspectives. Secondly, it analy-
ses implications in interoperability and sustainability terms.
Section 4 presents a use case to provide a practical example

of the application of the framework. Sect. "Conclusion" dis-
cusses the proposed conceptual framework and analyses the
managerial and academic implications that derive from it.
Finally, Sect. 6 offers conclusions, including its contribution
to theory and practice, along with limitations and possible
future research lines.

Literature review

Main concepts

This research focuses mainly on the interrelationships
between two types of concepts that pivot around the main
one, the DIH concept: (i) those used to designate a type of
organisation among those existing in the relational network
of European innovation ecosystems; (ii) those used to desig-
nate a type of interaction that is potentially possiblewithin the
organisations of the relational network of European innova-
tion ecosystems. To gain a better understanding, this section
more profoundly introduces the main concepts employed in
both categories.

Table 1 introduces the different types of organisations that
can be found throughout the relational network of European
innovation ecosystems.

All these concepts are closely interrelated and mutually
supportive. Thus a DIH and its users form a specific innova-
tion ecosystem herein called the DIH ecosystem. A group of
DIHs that work together form a clear example of a collabora-
tive network. The sum of several DIH ecosystems operating
as a collaborative network forms an EDIH. The network
formed by the set of EDIHs operating in EU territory forms
the pan-European EDIH network, an important purpose of
the Digital Europe Programme. In any case, these concepts
are, on the whole, interconnected around the central “DIH”
Concept.

From its own definition, it is clear that both the differ-
ent collaborative network or innovation ecosystem types that
are generated based on DIHs, and the DIH itself, make
up complex structures populated by entities of very diverse
typologies. This diversity gives rise to a wide range of pos-
sibilities for mutual interaction purposes. Hubs, ecosystems
and networks, public and private entities, service providers
and users, regional, national or pan-European action spaces,
and so on, generate amultitude of relationship scenarios with
sometimes overlapping, sometimes completely disparate
purposes and with a considerable gradient of possibilities
between these two extremes. In short, the cosmos origi-
nating around the DIH concept is a highly heterogeneous
and complex environment where interaction possibilities go
beyond simple collaboration. To date, this concept has been
the central axis of a large number of the studies, frameworks
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Table 1 Organisation types in the
relational network of European
innovation ecosystems

Organisation type Definition

Collaborative network An organisation of a variety of entities (e.g., organisations and people) that
are largely autonomous, geographically distributed and heterogeneous in
terms of their operating environment, culture, social capital and goals;
nevertheless, these entities collaborate to better achieve common or
compatible goals (Camarinha-Matos & Afsarmanesh, 2005). Nowadays,
collaborative networks are being applied to a wide variety of domains
from academic research to manufacturing and other industrial
applications. These implementations are supported by a variety of
collaboration forms, which range from “supply chains” to emerging
dynamic structures in the industry, science and services
(Camarinha-Matos et al, 2019)

DIH A multi-partner collaborative organisation made up of regional entities,
itself part of a pan-European network of similar organisations, which, in
possession of infrastructure, technology, knowledge, competences, funds,
or access to them, and ready to use them to serve regional business and
public sector organisations, together with them form an innovation
ecosystem in which the hub, as a central role, provides services to support
the itinerary of these organisations towards a full and effective
digitalisation that makes them more sustainable and competitive

DIH ecosystem An ecosystem of organisations that is generated from a digital innovation
hub as a central actor, where it acts as a source of technologies,
knowledge or skills, which it disseminates to the other members that
make up the ecosystem to pilot, test and experiment with digital
innovations to support their digital transformation processes

DIH network A collaborative network made up of DIHs that act in coordination to
contribute to the development of the regions and countries of the
European space from a more sustainable position. This is supported
mainly by a larger organisational dimension and by a broader portfolio of
knowledge, skills, technologies and solutions than that of its individual
members

DIH user An organisation that, through a transactional agreement, uses the service
portfolio of a DIH to receive support for its digital transformation process
and thus becomes part of its ecosystem

European DIH (EDIHs) A specific type of DIH network born from Digital Europe Programme
calls, with both local and European functions, which has increased
capacities to encompass activities with a clear European added value that
centre mainly on networking hubs and promoting transfer of expertise.
EDIHs also have the stated mission of supporting companies and public
sector organisations in using digital technology to improve the
sustainability of their processes and products, particularly regarding
energy use and reducing carbon emissions. Beyond that and within
EDIHs, their DIHs also act as a one-stop-shop to help companies to be
more competitive as regards their business/production processes,
products or services using digital technologies by providing access to
technical expertise and experimentation. Thus firms can “test before
invest”, and provide innovation services (i.e. financing advice, training
and skills development) needed for successful digital transformation
(Directorate-General for Communications Networks, Content and
Technology of the EC, 2021)

European DIH Network A set of EDIH networks operating in the EU territory

Innovation ecosystem An evolving set of actors, activities and artifacts, and institutions and
relations, including complementary and substitute relations, that are
important for the innovative performance of an actor or a population of
actors (Granstrand & Holgersson, 2020). An innovation ecosystem refers
to a loosely interconnected network of companies and other entities that
co-evolve capabilities around a shared set of technologies, knowledge or
skills, and work cooperatively and competitively to develop new products
and services (Nambisan & Baron, 2013)
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and models in the literature about DIHs and the arbitra-
tion of the relationships between the entities making them
up. Some examples are the ecosystem–technology–busi-
ness model (ETB; Butter et al, 2020) and its two main
evolutions, the ecosystem–technology–business–skills–data
model (ETBSD; Sassanelli et al., 2020) and the data-driven
business–ecosystem–skills–technology reference model (D-
BEST; Sassanelli & Terzi, 2022; Sassanelli et al., 2021b).
D-BEST aims to act as a reference for the DIH networks
specialised in the cyber–physical energy systems (CPES)
domain to configure their service portfolios both flexibly and
interoperably by integrating their assets (services, compe-
tences, skills, technologies) into digital platforms to achieve
flexibility and interoperability. Both are critical aspects to
achieve DIH networks’ sustainability. The D-BEST model
is a milestone in the conceptualisation and modelling of col-
laboration at DIH ecosystem and EDIH levels by triggering
the identification and materialisation of service-based cross-
collaborative processes between DIH networks on the one
hand, and between DIHs themselves and their users on the
other. However, it is necessary to further characterise the col-
laboration concept from a holistic perspective by: (i) firstly
defining the concept itself; (ii) secondly placing it in con-
trast to other types of interaction whose essence, objectives,
method and results significantly differ; (iii) finally, by iden-
tifying the possible interaction types of among the entities
making up DIH structures, their networks and ecosystems
that can, to some extent, albeit partially, represent collabo-
ration. Only with this prior characterisation is it possible to
bring together, structure and interrelate the components of
a comprehensive conceptual framework that addresses the
collaboration phenomenon in DIH relational networks.

Regarding the definition of full collaboration used herein
as a reference, that chosen is of Wankmüller and Reiner
(2020): “Process of strategically working together on a
specific business activity where structures are aligned, com-
munication channels are standardised, risks are shared, and
resources are pooled in order tomake themavailable for every
partner”. In short, and according to the perspective provided
by this definition, although partners retain their entity, their
level of commitment to achieve shared goals is so important
that they involve their structures, communication channels
and resources, as well as taking risks in the long term.

In contrast to the collaboration notion as a primarily syn-
ergistic interaction, in the different environments shaped by
DIHs, there may be other formulas of interaction that are
significantly removed from this synergy. They range from
the simple contraposition of buyer and seller interests in a
commercial relationship to the antagonism shown by two
competitors. Table 2 sets out themain potential types of inter-
action that fit this pattern.

With regard to the possibilities for the entities that make
up one of the above-mentioned DIH environments to inter-
act according to a formula that denotes a certain degree of
collaboration, there are several alternatives. Table 3 presents
the most relevant possibilities.

Now that the levels of the relationships in the network
of European innovation ecosystems are known, the types of
organisations that exist in the network are outlined, and the
types of interaction that can potentially take place between
the entities making up these organisations are presented, the
construction of the conceptual framework herein proposed
requires an additional concept, a final piece, for the com-
plete mapping of the relational network: services resulting
from collaboration. The entire DIH environment sketched so
far holds a prominent circumstance: some entities, those pos-
sessing competences, knowledge, technology, infrastructure
or funds, or have access to them, offer a service to others,
the companies making up the regional business and pub-
lic sector organisations, to achieve their full and effective
digitalisation. Although collaboration is also possible for
internal organisational reasons as in any other environment,
it is when exercising its main function, providing support
services in digital transformation processes, that a deeper
understanding of collaboration frameworks and their char-
acteristics becomes valuable for this research. In this sense,
it should be stated that the classification of services in an
DIH environment is a task already faced by academia, with
the D-BEST reference model by Sassanelli and Terzi (2022)
being the most evolved and updated exponent of the state
of the art. The D-BEST reference model is structured on
three levels: macroclasses, types and classes. All the five
macroclasses included in the model (ecosystem, technology,
business, skills and data) is divided into types of service, and
these, in turn into classes of services (Sassanelli & Terzi,
2022) (Table 4).

With the above classification, all the main concepts
involved in this research are introduced, and the research
scope is also configured (Fig. 2).

Search query and selected results

Asearch in theScopus databasewas performed in accordance
with the defined research scope to look for the intersection
of the above-indicated semantic fields. The search was done
with the title, abstract or keywords of articles, reviews, con-
ference papers and conference reviews published in English
in compatible subject areas. For this purpose, we used the
search chain TITLE-ABS-KEY [(“digital innovation hub”)
AND (collaborationOR“commercial relationship”ORcom-
petition OR cooperation OR coopetition OR coordination
OR financing OR funding OR “institutional support” OR
investment OR “knowledge transfer” OR partnership OR
sponsorship OR “technology transfer”)] AND (LIMIT-TO
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Table 2 Types of interaction not
aligned with the collaboration
concept

Interaction type Definition

Commercial relationship Any legal relationship of a commercial nature, whether contractual or not,
and includes, but is not limited to, a relationship arising from the
following transactions: any trade transaction for the supply or exchange
of goods or services; distribution agreement; commercial
representation, or agency; factoring; leasing; construction of works;
consulting; engineering; licensing; investment; financing; banking;
insurance; exploitation agreement or concession; joint venture and other
forms (Commercial relationship definition, 2013)

Competition Rivalry between individuals, groups, organisations or nations that arises
whenever two parties or more strive for something that they all cannot
obtain (Stigler, 1988)

Financing Money is loaned by an individual or organization for a particular purpose

Investment The act of putting money, effort, time, etc. into something to make a
profit or get an advantage, or the money, effort, time, etc. used to do this
(Cambridge Academic Content Dictionary, 2020)

Table 3 Types of interaction
aligned with the collaboration
concept

Interaction type Definition

Cooperation Process of working on independent business activities towards a common
(agreed-on) goal in a long-term view, where communication is relatively
informal, resources are separated and risks are shared (Wankmüller & Reiner,
2020)

Coopetition Hybrid behaviour exhibited by two or more competitors that involves
cooperative and competitive elements but, instead of fighting one another in
fierce competition, consists of organising themselves into, for example,
groups or associations, to meet common objectives that would be difficult to
achieve individually vis-à-vis other organisations. Some examples are other
competitors or groups of competitors, administrations, banks, consumer
associations, among others. It involves gaining access to additional know-how,
skills and resources. This behaviour allows risk sharing and the creation of
secure contacts, while protecting one’s own assets (Bouncken & Kraus, 2013)

Coordination Process of aligning, organising and managing actors’ operational business
activities where private information, risks and resources are shared
(Wankmüller & Reiner, 2020)

Funding Money is given by an individual or organisation for a particular purpose

Institutional support Support offered by government authorities and institutions, or those directly
supported by a government, that comes in the form of policies, plans, laws,
regulations, financial or non-financial aid to promote a particular individual or
organisation’s interests (for the purposes of this research, support of a
financial nature, considered separately, is excluded)

Knowledge transfer The process of transferring experience, skills, and tangible and intellectual
property (University of Cambridge, 2009) from an individual or an
organisation to another one

Networking Networking is a form of goal-directed behaviour, both inside and outside an
organisation, which focuses on creating, cultivating and utilising interpersonal
relationships (Gibson et al., 2014)

Partnership A partnership is an arrangement in which parties, known as partners, agree to
cooperate to promote their mutual interests. The members of a partnership,
individuals or organisations, join together to increase the likelihood of each
party achieving its mission and broadening its scope (Partnership, Wikipedia,
2022a, b)

Sponsorship The position or function of a person who or group that vouches for support,
advises or helps to fund another person or an organisation or project
(Sponsorship, Wikipedia, 2022a, b)

Technology transfer The process of transferring technology from an individual or organisation that
owns or holds it to another one (Technology transfer, Wikipedia, 2022a, b)
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Table 4 The D-BEST model service classification (Sassanelli & Terzi, 2022)

Service macroclass Service type Service class

1. Ecosystem 1.1. Community building 1.1.1. SME and people engagement and brokerage

1.1.2. Innovation incitation, awards, and challenges

1.1.3. Technology scouting

1.2. DIH innovation development 1.2.1. Communication and trend watching

1.2.2. Visioning and strategy development

1.3. Ecosystem governance 1.3.1. Service impact assessment

1.3.2. Ecosystem management

2. Technology 2.1. Ideas management and materialisation Ideas generation, assessment, and feasibility study

2.2. Contract research 2.2.1. Strategic and specific research and development (R&D)

2.2.2. Technology concept development/proof of concept (PoC)

2.3. Provision of infrastructure 2.3.1. Access to infrastructure and technological platforms

2.4 Technical support on scale up 2.4.1. Concept validation

2.4.2. Prototyping

2.5. Verification and validation 2.5.1. Product qualification and certification

2.5.2. Product demonstration

3. Business Incubation acceleration support 3.1.1. Basic facilities

3.1.2. Specialised facilities

3.1.3. Business development

3.1.4. Guidance

3.2. Access to finance 3.2.1. Financial engineering

3.2.2. Connection to funding source services

3.2.3. Methods and tools

3.3. Business training and education 3.3.2. Secondment

3.4. Project development 3.4.1. Identification of opportunities

3.4.2. Creating consortia

3.4.3. Development of proposals

4. Skills 4.1. Process and organisational maturity 4.1.1. Maturity assessment

4.1.2. Maturity strategy development

4.2. Human capabilities maturity 4.2.1. Human skills maturity

4.2.2. Skill strategy development

4.3. Skills improvement 4.3.1. Human up-skilling and re-skilling training

4.3.2. Educational programmes

4.3.3. Scouting and brokerage

5. Data 5.1. Data acquisition and sensing 5.1.1. Data acquisition

5.1.2. Data protection

5.2. Data processing and analysis 5.2.1. Data storage

5.2.2. Data analytics

5.3. Decision-making 5.3.1. Cognitive big data architecture

5.3.2. Decision support and development

5.4. Physical-human action and interaction 5.4.1. Collaborative intelligence

5.4.2. User experience

5.4.4. Feedback loop

5.5. Data Sharing 5.5.1. General data protection regulation (GDPR

5.5.2. Data spaces

5.5.3. Data Platform
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Fig. 2 Research scope
representation from the triple
perspective of DIH collaboration

(SUBJAREA, “COMP”)ORLIMIT-TO (SUBJAREA, “DE-
CI”) OR LIMIT-TO (SUBJAREA, “ENGI”) OR LIMIT-TO
(SUBJAREA, “BUSI”)) AND (EXCLUDE (DOCTYPE,
“er”)) AND (LIMIT-TO (LANGUAGE, “English”)). It was
not necessary to narrow down the searched time period
because all the research publications about DIH are very
recent, as is the concept itself. The search for the indicated
terms finally yielded 17 results, all of which are limited to
the period between 2018 and 2022. The selected results are
identified in Table 5.

Thematic analysis

Using the content of the titles and abstracts of the selected
literature as a source, a map of co-occurring expressions was
drawnupusing theVOSviewer v.1.6.16 software application.
This allows the concepts present in the literature review with
more than three occurrences to be visualised, as well as their
dimension and interrelationships (Fig. 3).

Four thematic groups or clusters were automatically iden-
tified by VOSviewer: (i) that headed by expression DIHs,
which is red-coloured in the figure, grouping others like

innovation ecosystem, collaboration, investment, network-
ing, service, service portfolio, training or cyber–physical
systems (CPS); (ii) the heading for expression digital trans-
formation, coloured green in the figure, which groups others
like cooperation, innovation, digital technology, region, the
EC or opportunity; (iii) the heading for expression knowl-
edge, coloured yellow in the figure, which groups others
like platform, knowledge transfer, knowledge management,
SMEs or medium-sized enterprises; (iv) the heading for
expression technology, which is blue-coloured in the figure
and groups others, such as technology transfer, flexibility,
product, production or robotics.

As expected, as they constitute the thematic axis of the
research, the biggest number of co-occurrences appears
around expression DIHs, DIH, digital innovation hubs
and digital innovations hubs. The highest density of co-
occurrences can be seen in the clusters headed by DIHs
and digital transformation (red and green); both are related
to: several of the concepts under study, such as collabo-
ration, cooperation, investment or networking; service and
service portfolio, which are intrinsic concepts to a commer-
cial relationship, and another of the researched concepts;
the organisation which, depending on the context, can be
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Table 5 Selected results
Authors Title

1 Antonopoulos et al.
(2020)

Capacity Building Among European Stakeholders in the Areas of
Cyber–Physical Systems, IoT Embedded Systems: The
SMART4ALL Digital Innovation Hub Perspective

2 Asplund et al. (2021) Problematizing the Service Portfolio of Digital Innovation Hubs

3 Cotrino et al. (2021) Industry 4.0 HUB: A Collaborative Knowledge Transfer Platform
for Small and Medium-Sized Enterprises

4 Georgescu et al. (2021) Digital Innovation Hubs: The Present Future of Collaborative
Research, Business and Marketing Development Opportunities

5 Hervas-Oliver et al.
(2021)

Emerging Regional Innovation Policies for Industry 4.0: Analyzing
the Digital Innovation Hub Program in European Regions

6 Lanz et al. (2021a) Digital Innovation Hubs for Robotics: TRINITY Approach for
Distributing Knowledge via Modular Use Case Demonstrations

7 Lanz et al. (2021b) Digital Innovation Hubs for Enhancing the Technology Transfer
and Digital Transformation of the European Manufacturing
Industry

8 Lombardo et al. (2018) Proposal for Spaces of Agrotechnology Co-generation in Marginal
Areas

9 Maurer (2021) Business Intelligence and Innovation: A Digital Innovation Hub as
Intermediate for Service Interaction and System Innovation for
Small and Medium-Sized Enterprises

10 Pucihar et al. (2021) Digital Transformation of Slovenian Enterprises

11 Sassanelli et al. (2021b) Digital Innovation Hubs Supporting SMEs Digital Transformation

12 Sassanelli et al. (2021a) The D-BEST Based Digital Innovation Hub Customer Journeys
Analysis Method: A Pilot Case

13 Sassanelli and Terzi
(2022)

The D-BEST Reference Model: A Flexible and Sustainable Support
for the Digital Transformation of Small and Medium Enterprises

14 Semeraro et al. (2021) Interoperability Maturity Assessment of the Digital Innovation
Hubs

15 Volpe et al. (2021) Experimentation of Cross-Border Digital Innovation Hubs (DIHs)
Cooperation and Impact on SME Services

16 Zamiri et al. (2019) Knowledge Management in Research Collaboration Networks

17 Zamiri et al. (2021) Towards a Conceptual Framework for Developing Sustainable
Digital Innovation Hubs

related to coordination; and the EC, the main source of insti-
tutional support among DIH networks. The clusters headed
by knowledge and technology seem to be less present in the
literature, but they also integrate two of the concepts under
study: knowledge transfer and technology transfer, respec-
tively. The remaining concepts (competition, coopetition,
financing, funding, partnership, sponsorship) do not appear
in this thematic analysis. This finding does not directly mean
that they are not present in the selected literature, but sim-
ply the number of co-occurrences is fewer than three or their
presence is indirect.

By taking closer look at the core of the map, the area
where the concepts with the most grouped co-occurrences
shows that most authors relate DIH to digital transformation,
knowledge, technology, service, network and collaboration,
and also to opportunity. Such information summarises their
overall perception of the central topic (Fig. 4).

State of the art

The contributions of the authors of the selected literature have
vastly different objectives, but they generally place DIHs as
a central element and address, to a greater or lesser extent,
some of the types of interaction that are the subject of this
research. Below all these contributions are reviewed from
this perspective. At the same time, extracting relevant con-
siderations is done in relation to the interoperability principle
and/or its implications in sustainability terms where they are
mentioned.

The authors of Antonopoulos et al. (2020), a conference
paper, set out and detail their initial objectives regarding
the SMART4ALL project. Promoted in its principles by a
consortium of 25 partners from various countries, especially
from Southern Europe, it aims to offer a way for SMEs to
improve R&D capabilities and to integrate new knowledge,
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Fig. 3 Co-occurrences map

which comes both from: other knowledge-intensive SMEs
andmid-cap companies; and variousEuropean research insti-
tutions, organisations that, for this purpose, are structured
as a DIH network. This paper addresses mainly collabora-
tion at two levels: (i) in the DIH ecosystem, firstly with
a funded programme called Pathfinder Application Experi-
ments (PAEs; Antonopoulos et al., 2020), which is intended
to encourage SMEs to collaborate with one another and
with research institutions; secondly with the SMART4ALL
Marketplace-as-a-Service (MaaS) platform, an interactive
and collaborative web portal; (ii) within the DIH network,
firstly as an intrinsic requirement of the project itself to form
the basis for its sustainability, and secondly through PAEs by
encouraging the cross participation of the entities from dif-
ferent ecosystems in each experiment. This project aims to
offer competitive advantages on the Europeanmarket by pro-
moting solutions with high computing power and low energy
use in four areas: digitised transport, digitised environment,
digitised agriculture and digitised anything. SMART4ALL
also expects to constitute itself as a funding network at vari-
ous levels: (i) the development of each individual DIH with
active strategies for attracting venture capital, funding agen-
cies or seed funding, and for providing funding to service
providers; (ii) the ecosystem level with users by inform-
ing and, sometimes, funding or financing; (iii) at the DIH
network level by also facilitating the information flow to

partners and users about funding and financing opportuni-
ties at regional, national and European levels. Knowledge
and technology transfers are addressed in the project at
both ecosystem and network levels with three types of spe-
cific PAEs: knowledge transfer experiments (KTE), focused
technology transfer experiments (FTTE) and cross-domain
technology transfer experiments (CTTE).

Drawing on the case studies of the HUBCAP and
FED4SAE initiatives, Asplund et al. (2021) pose how the
leadership of public innovation ecosystems might fail to
support organisations in innovation ecosystems. This study
explores these ecosystems to perform four main functions
that, according to the authors, characterise DIHs’ portfolios:
(i) “test before invest”; (ii) “support to find investments”;
(iii) “innovation ecosystem and networking”; (iv) “skills and
training”. From this perspective, the paper addresses the
collaboration processes of cooperation, networking and part-
nership quite tangentially but, in contrast, looks closely at
what funding and institutional support mean for ecosystems.
In this respect, the research workmentions both the EC fund-
ing innovation actions to support to establish DIHs and to
provide funding opportunities to the organisations forming
part of ecosystems. It is precisely this latter approach type
that authors pay more attention to insofar as funding them is
often seen as the basis for enabling collaboration, especially
in the public–private partnerships area for, e.g., the compa-
nies that focus on technology recombination.
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Fig. 4 Core of the
co-occurrences map

The research of Cotrino et al. (2021) focuses mainly on
Industry 4.0 knowledge transfer for SMEs by developing
a collaborative web-based Industry 4.0 knowledge transfer
platform, referred to as Industry 4.0 HUB. The vision of col-
laboration in this environment is based on knowledge transfer
andnetworking and, to someextent, also on technology trans-
fer. For these authors, knowledge transfer, as the main theme
of their research, is seen as one of the four knowledge flows
present in knowledge management, i.e. knowledge creation,
retention, transfer and utilisation. For them, communication
issues in this cycle appear as a factor of paramount impor-
tance for SMEs’ transition to Industry 4.0 to effectively take
place. To this end, the devised platform is made up of four
modules: (i) hub; (ii) roadmap; (iii) community; (iv) collab-
orate. The last two, the community and collaborate modules,
are precisely responsible for facilitating networking and col-
laboration between partners, with collaboration essentially
understood as knowledge transfer.

The study conducted by Georgescu et al. (2021), on
the opportunities offered by DIHs in collaborative research,
business and marketing development terms, puts forward a
different DIH collaboration view because the authors first
and foremost think of it as a basis for business and marketing
development, and as a springboard for boosting the success
of networked relationships. The study is structured around
the idea of cooperation as an opportunity to synergistically
unleash organisations’ potential to remain competitive via
a greater exchange of ideas, knowledge, skills, technology
and infrastructures that, above all, benefit weaker entities on
their journey towards greater digitalisation, especially SMEs.
It also attaches vital importance to the funding and support
of European institutions to achieve these objectives by DIHs,

and thus confers an important role to public–private collab-
oration initiatives.

Unlike the previous ones, the analysis carried out by
Hervas-Oliver et al. (2021) of the DIHs created in Euro-
pean programmes focuses on the first relationship level, i.e.
the DIH level, to provide more knowledge on developing
regional innovation policies to develop Industry 4.0, espe-
cially in the public–private cooperation field, as a master
formula for collaboration in regions. According to this anal-
ysis, coordination between actors across local and regional
industries, which is for the authors a remarkable fundamental
interaction type, is a pending issue for most of the analysed
DIHs having found that DIHs do not frequently work in coor-
dination with other existing regional initiatives that pursue
the same digitisation objective. This work also highlights
that, althoughDIHs perform awide variety of functions, they
are oriented mainly towards facilitating networking between
all the different typologies of regional and local actors by
focusing on the scope of that context and acting as collective
actors. According to this research, DIHs are often organised
in a way that allows for bottom-up and negotiated initiatives,
rather than traditional top-down policies that take business
interests as secondary. This public–private partnership level
is seen as positive because this informal understanding allows
private sector companies to make decisions and sugges-
tions, and to do agenda-setting. Not surprisingly, DIHs are
managed through the collective decisions that contemplate
regional and local needs, especially those of SMEs. These
public–private partnerships co-design and co-formulate pol-
icy directions in Industry 4.0, similarly to those reflected
in other place-based policy initiatives, as in China or South
Korea.
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A very particular point of view of DIH collaboration is
that in Lanz et al. (2021a). Their article is based on the initia-
tive known as the H2020 TRINITY project, which focuses
on developing an advanced robotic innovation hub based
on: (i) agile manufacturing, along with (ii) digital tools and
platforms; and (iii) cyber-security technologies. Here the
spotlight on DIH collaboration processes is on knowledge
and technology transfer. Industrial robotisation is a very spe-
cific field on the journey towards greater digitisation and it
is only applicable to certain individual cases. Because of
this, it presents some particularities from the collaboration
processes perspective, which are addressed in the research
work. To gain further insight into these particularities, in
the TRINITY project, 18 use case demonstrations were car-
ried out by consortium members; to extensively cover local
industrial needs, the collaboration of DIH members with
local and regional companies, i.e. collaboration within the
DIH ecosystem, was essential. This collaboration was artic-
ulated through central storage known as theTRINITYDigital
Access Point, which also supported disseminating informa-
tion activities to the general public. A further development
of the previous article is that of Lanz et al. (2021b), which
also focuses on the TRINITY project. It is noteworthy that it
deals with two different collaboration types: (i) human–robot
collaboration, typical of those known as cobots, a topic that
is completely beyond the scope of this research; and (ii) col-
laboration typical of the environments configured at the level
of DIHs themselves and the local/regional ecosystems that
they configure. In the latter, which is the true objective of
the present research, this article interprets that innovation
ecosystems should be distinguished, among other character-
istics, by constituting a European focal point for coordinating
and exchanging innovation communities in artificial intelli-
gence, data and robotics, and for transferring knowledge and
technology from science to industry, especially SMEs, where
the difficulties of recruiting skilled workers aremore evident.
During such development, the authors also stress the impor-
tance of funding at various levels: (i) each EUMember State,
co-investing in local/regional DIHs and their ecosystems to
support their facilities and services with an impact on the
area, and (ii) the EU level or the Digital Europe programme,
as it is also called in the article, by funding with this Euro-
pean dimension empowerment of networking between DIHs
to enable certain highly specialised facilities and expertise,
which are not present in all regions, to become accessible for
sharing.

The article by Lombardo et al. (2018) also presents a
unique case. Here, inspired by the innovation model of
DIHs, they propose that, to push the European agricul-
tural sector towards precision agriculture in marginal areas,
the traditional top-down approach, based on transferring
knowledge and technology from research centres and uni-
versities, should be replaced with a bottom-up approach of

open innovation. This would lead to the co-generation of
agro-technical technology of products and services in the
collaborative spaces generated for this purpose in these spe-
cific EU territories. According to the authors, the application
of a technology transfer model based exclusively on R&D
at universities, research centres and companies has major
limitations in marginal territories, which are usually charac-
terised by lack of training and low innovation rates. For this
reason, it is consideredmore appropriate in these areas to start
talking about technology co-generation in agriculture, which
provides common production among peers, rather than tech-
nology transfer, which provides a top-down approach. In this
context, Fablab is introduced as an ideal space to implement
such an approach. Fablab is a collaborative space that focuses
on encouraging experiments with both digital technologies
and physical objects, using open-source software and open
and big data processing for developing solutions for smart
farming. They are spaces where learning to use digital tech-
nologies in relation to physical reality is possible. Fablab is,
therefore, defined as part of a network, a community, a set of
tools, knowledge, processes, but also a service, a business,
not a franchise, and is mostly a concept that is still develop-
ing. There are four rules that distinguish and define a Fablab:
(i) access to the laboratory should be public; (ii) laboratories
must sign and show the Fab Charter (http://fab.cba.mit.edu/
about/charter/); (iii) the laboratory must have a set of tools
and shared processes; (iv) laboratories must be active and
participate in the global network. At the time the article was
written, there were about 663 Fablabs worldwide. These are
yet another example of collaboration to be considered in the
certain innovation ecosystems context.

Maurer (2021) raises the characteristics that a DIH should
have to act as an intermediary in service interaction and sys-
tem innovation for SMEs in the Federal State of Vorarlberg,
Austria. Although this is very focused research, it is worth
noting that the author attaches fundamental importance to
collaborationwithin networks, to the point of going into some
detail on this concept from the service science perspective
and its specific application to the network formed by a DIH,
for which a whole section is employed. Accordingly, it is
a service science that provides the philosophical/theoretical
basis for ecosystem collaboration, while it is the EC’s strate-
gies on the digitisation of European industry that provide the
pragmatic direction. A DIH has to carry out a wide variety of
activities and tasks, with close cooperation and collaboration
of stakeholders in the business sector, and with govern-
ment and public administrations, civil society and users, and
the research and education sector (constituting the so-called
quadruple helix stakeholders) is essential to carry them out.
In this context, cooperation, coordination, networking and
partnership interactions are of paramount importance.

With the survey study conducted by Pucihar et al. (2021)
of 125 participating companies, the authors provide insight
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into the state of digital transformation in Slovenia. Collab-
orative processes are shallowly dealt with, mainly from the
perspective of interaction in cooperation, funding, institu-
tional support and partnership, especially in theDIHfield, but
also occasionally in the innovation ecosystem space. Accord-
ing to the authors, in Slovenia government investments are
made by two different programmes that support the creation
and operation of innovation ecosystems: on the one hand, (i)
partnerships for strategic development and innovation; on the
other hand (ii), the DIH, which was established in coopera-
tion with the Slovenian Chamber of Commerce, universities
and businesses. Here funding through grants and co-funding
policies is the most discussed collaborative interaction.

The research conducted in the network formed by the
members of the DIH4CPS (Digital Innovation Hubs for
CPS) project deserves a separate chapter. This project consti-
tutes one of the most remarkable research nuclei in the field
of studying DIHs and their collaborative interactions. The
objective of DIH4CPS is to create an interdisciplinary net-
work of DIHs and solution providers by focusing on cyber-
physical and embedded systems, interlinking knowledge and
technologies from different domains and connecting regional
clusters in the pan-European DIH expert group. Sassanelli
et al. (2021b) present a literature review in an attempt to
clearly define and properly group the set of services provided
by the DIHs making up their service portfolios. Based on the
aforementioned literature review, and using the correspond-
ing theoretical foundations, in this article the authors propose
the need to extend the traditional service portfolio of DIHs,
fundamentally centred on categories of services related to:
(i) the ecosystem; (ii) technology; and (iii) the company. It
is known as the ETB model. The proposed extension is to
add two categories to the previous model: services related to
(iv) skills and (v) data. Based on these five categories, called
macroclasses, the consolidation, implementation and final
adoption of a new reference model called D-BEST, which
aims to shape the service portfolio of DIHs and instanti-
ate them from the digital perspective of Industry 4.0, are
cemented. In this modelling context, collaboration between
entities also plays an important role. Indeed Sassanelli et al.
(2021a) extend the D-BESTmodel objectives beyond classi-
fying the service portfolios of the DIHs belonging to the
network: the authors indicate that the model also allows
the identification of opportunities for collaboration between
DIHs that foster the creation of pan-EuropeanDIH networks.
The article focuses on the collaborative interactions that exist
in the DIH ecosystem while rendering services between the
DIH itself, which forms the ecosystem, and its clients, tech-
nology users and technology providers. For both groups, the
authors generate the procedures of their specific customer
journey by identifying, sequencing and detailing the digi-
tal transformation processes that typically take place in each
case: (i) in the case of technology users, the processes of

observation, awareness, experiment, experience and adop-
tion, (ii) for technology providers, the processes of ideation,
design and engineering, minimum viable product, verifica-
tion and validation, and going to market. Sassanelli and Terzi
(2022) propose the D-BEST referencemodel, which is tested
and validated by a survey. The D-BEST model and the cus-
tomer journey catalyse the digitalisation dynamics of SMEs
and define the service chain of DIHs by representing a step
of substantial importance to study interaction processes for
collaboration between DIHs. This is because their adop-
tion in DIHs’ emerging networks would allow flexibility and
interoperability to be achieved by fostering the adoption of
single digital platforms with which to display and offer ser-
vices. This would enable the creation of multiple inter- and
intracommunications and collaborations between the actors
belonging to DIH ecosystems and networks by crucially fos-
tering the exchange and development of joint services. These
developments standardise the ultimate purpose of collabo-
ration between entities: the provision of services to SMEs
to advance their digitisation. Another group of researchers
within DIH4CPS, that of Semararo et al. (2021), emphasises
the importance of interoperability for the interactions of col-
laborative processes in DIH networks. Their article aims to
use and adapt a maturity model to define how to assess and
improve network interoperability between DIHs and their
partners. It does so by: (i) firstly reviewing the state of the
art of interoperability frameworks to define DIHs’ interoper-
ability requirements; (ii) subsequently identifying the DIHs’
main interoperability barriers and DIHs’ interoperability
concerns; (iii) alsomodelling an ontology for interoperability
assessment; (iv) finally presenting an interoperability assess-
ment prototype. The interoperability assessment as part of
the collaborative interactions between DIH networks mem-
bers is extremely important because these interactions often
require the exchange of information, data and knowledge,
and the information systems and procedures that they support
need to be interoperable. For Zamiri et al. (2019), the focus
lies on knowledgemanagementwithin collaborative research
networks like living labs and DIHs. Collaborative research
networks can facilitate knowledge transfer between organi-
sations on the one hand, and increase both cross-fertilisation
of knowledge and team productivity on the other. Based
on the prior development of some theoretical propositions
and various sources of evidence from data collection and
analysis (observation, interviews, in-depth research, consul-
tations), the authors attempt to improve the ontology of the
CARELINK project, which aims to leverage the benefits of
research and care tools, and to introduce unique technolo-
gies for dementia patients, based on collaboration between
entities. The idea is to create an innovation ecosystem in the
form of a living lab and, in a second phase, to integrate this
living lab into a DIH that focuses on active and assisted liv-
ing to open up work to a wider community and to integrate
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other active projects among participants. To conclude, from
the collaboration interaction processes perspective, in these
ecosystems the research work considers that collaboration is
based on networking and knowledge transfer. Zamiri et al.
(2021) propose a framework to substantiate DIHs’ sustain-
ability by taking into account both the existing literature in
sustainability dimensions terms and business models, gen-
eral objectives and DIHs’ demands by studying several of
them. The future intention is to apply this framework to vari-
ous DIHs in the DIH4CPS network in order to lead to further
developments. This study does not overtly revolve around
the sustainability of DIH collaboration in several of its vari-
ous forms; i.e. funding, knowledge and technology transfer,
networking or sponsorship. The contribution of this work
is considered remarkable because it develops a framework
to establish and develop sustainable DIHs from five pillars,
including environmental, social, economic, governance and
technological, and goes on to describe the successful appli-
cation of the proposed framework in six different DIHs.

The research by Volpe et al. (2021) analyses, from the
particular DigiFed innovation initiative scenario, a project
funded by EC cross-border collaboration amongst DIHs
and between SMEs. The study of this collaboration type is
approached first and foremost from the perspective of the
cross-border cooperation instruments and their preliminary
results. It describes the toolbox of services implemented
within the DigiFed project by examining the evaluation
results and success rates of collaborative projects (TWIN
application experiments) to those from individual organisa-
tions (SINGLE application experiments) in the application
phase. In this regard, it should be noted that the authors note
that smaller companies (1–10 employees) obtain consistently
higher success rates in terms of the proposal application to the
TWIN-type of application experiments. Similarly, compa-
nies with a lower digitalisation maturity level are more likely
to apply for collaborative TWIN application experiments.
Apart from taking application experiments as tool collab-
oration, the authors also pay attention to funding as a sort
of collaborative interaction through both the so-called cas-
cade funding to SMEs and mid-caps to enhance their assets
by including innovative digital technologies, and by exper-
imenting with new funding schemes to support European
firms’ digital transformation. Another research aim is to fur-
ther explore the prospects of generalising these instruments
to be adopted by other DIH networks by identifying whether
DigiFed’s support infrastructure serves as a portable example
of DIH collaboration to foster similar cross-border partner-
ships between SMEs and mid-caps across Europe to, thus,
obtain increasing returns via innovation enabled by cross-
border cooperation. The authors leave for future research
the progress made in implementing application experiments
and their sustainable exploitation, as well as the evolution of
funding mechanisms.

A significant number of conclusions can be drawn from
analysing the state of the art, some of which are pointed out
in this section. From a global perspective, if among these
conclusions we have to highlight those common to all the
literature contributions, one would stand out in particular:
although these studies follow, the common thread of the pro-
cesses of collaboration in and between DIHs from various
angles and degrees of detail, they all do so in a tangential
manner and do not provide an in-depth approach to it. In
general terms, the research contributionsmade to date, which
directly or indirectly address the phenomenon of collabora-
tion within innovation ecosystems in general, and in DIHs in
particular, consider these interaction processes to be an intan-
gible management element that is difficult to perceive and is
not, a priori, measurable. This circumstance may be related
to the fact that collaboration or, more specifically the exis-
tence of collaboration flows between DIHs and other entities
in the ecosystem, has not been taken to date as an asset with
its own entity for an organisation. It has, therefore, remained
on a secondary plane, usually immersed in other DIH assets,
such as competences or skills.

Therefore, it can be stated that, as far as we know after this
review, there is still no descriptive or conceptual framework
in the literature in the first stage, or a qualitative or quan-
titative model in a more advanced stage, that addresses the
conceptualisation of DIHs’ interaction processes from the
collaboration perspective both within and between its four
relationship levels. The perceived impossibility ofmeasuring
collaborative flows between ecosystem entities, as discussed
above, is considered to be the main factor that has led to this
situation, and has so far prevented ontological, taxonomical,
qualitative and quantitative characterisation.

Conceptual framework

Since 2016, when DIHs were conceived by the EC, the Euro-
pean Network of EDIHs and DIHs has continued to grow
to a significant size and extent. Yet despite the presence
of this network, three important deficits remain in innova-
tion and digital transformation terms. When focusing on the
sector, there is a persistent imbalance between the more tra-
ditional sectors, which are not very digitised, and the more
advanced ones, such as the ICT sector. Moreover in each sec-
tor, large companies have easier access to digitalisation and
its exploitation than SMEs. Finally from a territorial per-
spective, there is still a significant difference between the
more digitised northern states and those in the south. The
joint activity of the European network of EDIHs and DIHs
must be strategically oriented towards mitigating the three
aforementioned deficits by acting as communicating vessels
and allowing extensive knowledge and technology flow. The
key to the success of this strategy lies in collaboration. This
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reality urges us to advance in the understanding of collabo-
ration towards a sort of conceptualisation that does not avoid
quantitative characterisation.

This section presents a conceptual framework whose
objective is to provide a tool that contributes to identify,
characterise, organise and quantify the elements, structure,
parameters and variables that determine, as a whole, the
interaction processes involved in the collaboration that takes
place between the entities making up the relational network
of European innovation ecosystems. This framework sup-
ports the interaction processes that exist in collaboration
between entities: horizontally along their relationship lev-
els, and vertically between them. It is important to note that
this framework is developed using a bottom-up approach.
This involves initially establishing, from the existing litera-
ture, what the core elements are that make up the structure
of the construct that the conceptual framework represents,
and allow collaboration to be understood as tangible and
measurable. This conceptualisation approach is crucial for
developing a solidly based conceptual framework. Without
a robust approach that provides measurability, collaboration
would remain close to abstract and intangible and would,
therefore, difficult to model.

The extant literature support this with the D-BEST refer-
ence model (Sassanelli & Terzi, 2022). The ultimate purpose
of a DIH, as a provider within an innovation ecosystem, is to
provide a service to end users. In this context, collaboration
between entities has always directly or indirectly been the
ultimate purpose of transferring or exchanging some kind of
asset among organisations to improve or provide services to
end users. From this angle, collaboration is closely related
to service provision. According to this basis, an interaction
to collaborate implies, as in the provision of services, the
transfer or exchange of assets between collaborating service
provider organisations, and before and during the provision
of a service. This is where the D-BEST model comes into
play because it not only identifies what assets are, but the
assets that it identifies happen to be measurable in some way.

According to the D-BEST model, the assets required for
service provision purposes are classified according to their
typology into competences, knowledge, technology, infras-
tructure and funds (Fig. 5). All these assets are susceptible to
measurement in some way and, as the assets they are, can be
translated somehow into monetary terms: e.g. competences
and knowledge can bemeasured by themonetary value of the
working time spent in exchange; technology and infrastruc-
ture by the monetary value of the amortisation time share of
the capital invested in them, whose unit is the currency used
in the valuation; funds simply for the total amount of money
financed, plus its associated costs, regardless of them being
interest, fees, stamp duty or guarantees.

Fig. 5 Elementary asset decomposition of a D-BEST service

As previously mentioned, the D-BEST model divides the
possible services that an organisation offers into five macro-
classes, and these, in turn, into 20 service types (Table 4),
which are identified by two digits: the first one indicates the
macroclass, while the second denotes the service type is in
the indicated macroclass. Thus with the help of assets as an
instrument, it is possible to map all the asset types that an
organisation needs to have to cover the complete D-BEST
model services catalogue by identifying each service type
and its corresponding assets (Fig. 6). This asset map includes
100 categories.

Based on the premise of this categorisation and the map-
ping of the services provided by the D-BESTmodel, moving
towards the definition of a framework requires considering
new elements, especially introducing the asset flow concept,
which has not yet been contemplated by research studies
to deal with interorganisational collaboration. Materialis-
ing collaboration in the collaborative interaction process
between two DIH organisations or more occurs by creating
a flow of tangible or intangible assets from ceding organisa-
tions to beneficiary organisations to alleviate any deficits in
the latter and to enable them to provide some specific service
types immediately or in the future. This reality is observable
in practically all organisational ecosystems, and is the main
rationale for a new framework for collaboration.

To facilitate the understanding of the reasoning behind
the assets flow concept, the following example is provided:
let two organisations decide to undertake a mutual collabo-
ration process to, on the one hand, improve the aptitude of
OrganisationA for the provision of business training and edu-
cation services (service type 3.3) in terms of infrastructure,
and skills improvement (service type 4.3) in terms of knowl-
edge; on the other, Organisation B to acquire capabilities in
terms of providing services for data acquisition and sensing
(service type 5.1), data processing and analysis (service type
5.2) and data sharing (service type 5.5), and all in technology
terms. Seen the other way around, to materialise this collab-
orative process, it is necessary for organisation A to act as
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Fig. 6 Asset type map of the D-BEST services catalogue

Fig. 7 Collaboration example
between two organisations in a
DIH ecosystem

a transferor of some specific enabling assets to Organisation
B to provide services types 5.1, 5.2 and 5.5. Organisation B
has to transfer them to A to provide service types 3.3 and
4.3. These individual asset flows can be depicted as shown
in Fig. 7. They are designated as FA−T

O−O′ , with O being the
transferor organisation designation, O′ the beneficiary organ-
isation, A the type of transferred asset and T the service type
numbered from 1 to 20. This collective designation indicates
that individual flow FA−T

O−O′ of asset type A is transferred from
Organisation O to Organisation O′ to enable the provision of
service T.

It is possible to add an additional layer of characterisa-
tion to the exchange of collaborative relationships between
entities because, for each service type, the D-BEST model
provides an additional level of classification called service
class (Table 4). By simply counting the number of service

classes involved in each individual asset flow, e.g. on a per-
centage basis, an additional characterisation of collaboration
can be provided, which is referred to here as service depth.
This aspect is addressed again later in this article.

This approach to define the origin, destination, channel
and asset transferred in the collaboration process is called the
InterorganisationalAsset TransferMethodology (IOATM). It
constitutes the cornerstone of the proposed conceptual frame-
work.

It is pertinent here to comment on or explain this method-
ology and the relationship levels between the entities making
up the network of European innovation ecosystems.Whether
it is the transferor or the beneficiary of a certain asset, the
fact that an organisation is at a certain relationship level does
not prevent it from transferring assets to entities at differ-
ent levels or, on the contrary, receiving them. The vertical
transfer of assets, or the transfer between different levels, is
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not restricted in actual practice, and although due to the very
nature of levels the most usual are horizontal or intralevel
transfer processes, collaboration between entities at different
levels, especially in the first three, is also common; i.e. DIH,
ecosystem and EDIH levels. Accordingly, it should be noted
that IOATM, as a potential means to quantitatively assess
collaboration between the entities of innovation ecosystems,
does not restrict this circumstance in any way and, therefore,
confers the framework flexibility in this respect.

This holistic approach, based on defining the origin, des-
tination, channel and transferred asset involved in the asset
flow of the collaboration under study, answers research
question RQ1, formulated about the characteristics of the
interaction that occurs between the entities composingDIHs’
relational network when collaboration takes place between
them. Thanks to this construct, collaborative processes
between organisations can be translated in asset flow terms.
This translation is particularly significant because the map-
ping and identification of the individual asset flows involved
in collaboration enable IOATM as a tool for the quantitative
assessment of collaboration processes. On the one hand, the
possibility of individualising each asset transfer facilitates its
characterisation and the establishment of measurable techni-
cal specifications, which are crucial for quantifying the gross
magnitude Tmb acquired by such a transfer; e.g. in purely
monetary terms, in terms of the time spent or use of the
asset, or by other quantification means. On the other hand,
the identification of the individual channel that conducts each
individual transfer also helps to characterise it and to estab-
lish its specifications. This is fundamental to quantify the
performance or efficiency eff t of the channel in the transfer
process; in other words, to quantify organisations’ capacity
to collaborate. This ability to collaborate, whose value would
be between 0 and 1, depends not only on the parameters that
define and characterise the transfer channel, especially those
related to interoperability, but also on some parameters spe-
cific to the intervening organisations, all of which could be
the subject of further research. This efficiency eff t modi-
fies downwardly the gross magnitude of transfer. Thus their
joint product leads to the net magnitude of transfer Tmn, an
artifice that would make it possible to accurately measure
collaboration in hypothetical quantitative modelling. From
this perspective, both the assets flow and transfer channels
can be considered the two key dimensions in collaborative
interaction processes, and the elements that most shape the
quantitative assessment of collaboration, dimensions around
which the other elements of the proposed framework are
positioned: the service catalogue, the involved relationship
levels, the collaborative interaction types, and origin and des-
tination, all of which essentially do not shape, but condition
assessments. This approach provides an answer to research
question RQ2, formulated in the Introduction of this article.

Regarding the interaction types aligned with collabora-
tive processes, on the contrary it is necessary to make some
distinctions because each type presents its own peculiarities
in relation to the involved entities typology or the types of
transferred assets: (i) cooperation involves transferring all or
some of the first four asset types, i.e. competences, knowl-
edge, technology and infrastructure (CKTI), and admits the
exposed methodology without restrictions; (ii) coopetition
presents two faces, cooperative and competitive, and the
IOATM scope is restricted to collaboration that materialises
from the cooperative perspective with the transfer of CKTI;
(iii) coordination forces organisations to align and organ-
ise business activities by sharing information, risks and
resources and, therefore, producing the controlled transfer
of CKTI; (iv) in collaboration through funding, basically a
money transfer occurs in a unidirectional way; that is, when
the ceding organisation transfers the asset, the receiver can,
in turn, transfer other assets to the transferor in response, such
as knowledge or technology, but not money; (v) Institutional
support interactions are characterised by the transferor organ-
isation being a government authority or a public institution,
and flow is unidirectional. The assets transferred in this col-
laboration type are normally skills (indirectly acquired with
the support of policies, plans, laws or regulations) or financ-
ing; (vi) knowledge transfer is defined by its own name; (vii)
networking basically implies transferring knowledge about
who to collaborate with and in what subjects; (viii) part-
nership; it essentially represents the same as cooperation or
coopetition, but on a larger scale and in terms of the num-
ber of involved organisations, to produce the same type of
assets transfer as in these; (ix) sponsorship; a potential for-
mula inwhich the transferor organisation is a person or group
from the private sphere; it is unusual in the innovation ecosys-
tems context; here the assets flow is unidirectional and it may
involve knowledge transfer in the formof advice or some type
of funding; (x) Technology transfer; its very name charac-
terises it. In any case, albeit with their particular nuances, all
collaborative interaction types occupy a place in the method-
ology advocated by this framework.

Having clarified all this, the conceptual framework can be
represented, from a general perspective, by bringing together
within a single frame all the aforementioned elements. On the
one hand, those elements are based on the D-BEST model,
which serves as a platform to develop the conceptual frame-
work: asset types involved in services, macroclasses and
service types, and the asset type map of the service cata-
logue. On the other hand, those new elements that allow the
collaboration process between organisations to be shaped:
transfer channels or asset flows, the four relationship levels
in the network of European innovation ecosystems, collab-
orative interaction types and, obviously, the ceding and the
recipient organisations (Fig. 8). The conjunction of all these
and their interrelationships, with a special emphasis on the
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Fig. 8 Collaboration Framework
in the Network of European
innovation ecosystems

core concept of asset flow as the main rationale, make up the
proposed conceptual framework.

Case study: a food processing application
experiment for productionmanagement
and predictive maintenance within the DIH4CPS
framework

European project “Fostering DIHs for Embedding Interop-
erability in the CPS of European SMEs” (DIH4CPS) was
an innovation action that received funding from the Euro-
pean Union’s Horizon 2020 programme. This created an
interdisciplinary network of DIHs) and solution providers
specialised in the Industry 4.0 technologies application in
SMEs, especially on cyber–physical and embedded systems,
interweaving knowledge and technologies from different
domains, as well as connecting regional clusters with this
pan-European expert pool of DIHs.

When the project finished in December 2022, DIH4CPS’s
ambition to become a sustainable network materialised early
in 2023, when it was instantiated in the European Virtual

Laboratory forEnterprise Interoperability (I-VLab) under the
name of Ei2Network, which is currently operational.

DIH4CPS integrated its ecosystem with 11 initial DIHs
from nine countries from all regions of Europe, and 20
additional DIHs following the first and second open calls,
to provide European industry with unprecedented ease of
access to world-class domain expertise in developing CPS
and embedded systems. The development of this expertise
revolved around a core experimentation cluster that consisted
of 23 application experiments covering many key industrial
sectors and activities.

This use case approaches the collaborative processes in
Application Experiment number 6 (iAE6) carried out in the
project, which aimed to address the difficulties of those com-
panies that, despite having large and valuable production
data generated by powerful automation systems, do not inte-
grate them into the value chain and end up often representing
data silos that are barely or no exploited at all. The planned
experiment, implemented in practice into an industrial pilot
of the food processing sector, supports the development
of data-driven value-added services, both related to the
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manufacturing execution system/manufacturing operations
management (MES/MOM) functional areas (e.g. production
order control or performance analysis) and predictive main-
tenance. The experiment facilitated the development of a
vertical solution that leverages the production data gener-
ated by quality inspection machines for the agri-food sector,
especially in the production of olives, cherry tomatoes and
other fruit, which was made possible by the integration of
value-added services that collect and maximise the process
data generated by state-of-the-art machine vision sorting and
grading machines to optimise production and maintenance
management.

Food processing application experiment iAE6

The application experiment was validated with a pilot at
a food processing company specialised in cherry tomatoes
(Níjar, Almería, in Spain), on a cherry tomato grading and
sorting line (Figs. 9, 10, 11), which was subject to improve-
ment (Fig. 9).

The process of sorting and grading cherry tomatoes
involves several steps. Firstly, operators transport pallets con-
taining cherry tomatoes and feed them into the sorting line’s
roller conveyor. From there, tomatoes move along different
feeding belts and enter the Multiscan MGS sorting and grad-
ing roller machine. This machine uses computer vision to
detect the different features of each cherry tomato, such as
shape, colour and size, as it rolls through the machine. In this
way it inspects the entire surface of each fruit. The machine
classifies them into different quality categories defined by
the user through an intuitive user interface, which allows
the thresholds for each property and category to be set up.
The machine then tracks and guides all the tomatoes to
strategically placed slots to place them into separate exits.
The objective of the application experiment is to develop
data-driven added-valueMES/MOMapplications to improve
manufacturing operations (Figs. 10, 11).

The main components or building blocks making up the
system’s architecture has allowed the experiment to be devel-
oped, which is organised into clusters or tiers according to
the different levels of a secure industrial network defined
by the IEC/ISA 62443 series of standards as detailed below
(Fig. 12).

An embedded server based on the open platform com-
munications united architecture (OPC UA) facilitates the
integration of the production data generated and managed
by the line inspection machine into external applications.
The OPC UA is becoming a standard factor for machine-
to-machine (M2M) communications at different industrial
network communication levels. By means of OPC UA Ser-
viceDiscovery technology and an ad hoc datamodel for OPC
UADataAccess services, the application experiment delivers
a turn-key solution to enable “Plug-and-Play” connectivity.

This OPC UA Server allows information from not only the
quality inspection machine, but also from other connected
manufacturing equipment, to be exchanged. In this way, the
embedded OPC UA server allows other services to exchange
operational and maintenance data with the quality inspection
machine so that it is no longer a data silo, which improves
the performance of supply chain processes.

A hybrid edge/cloud service platform provides a run-
time platform and a core service to facilitate access to the
data generated by the OPC UA to connected applications so
that they can provide data-driven added value services. The
edge/cloud service platform provides asynchronous data ser-
vices to access real-time production data and synchronous
data services to access historical data. This basis enables the
secure access and exchange of the operational and main-
tenance data between the stakeholders involved through a
set of data services designed specifically to support this col-
laboration. The edge/cloud services also allow datasets to
be created for analysis and model training purposes. This
edge/cloud platform manages the data storage of industrial
data time series at two different levels: on-premises (systems
installed within the pilot company’s boundaries); in-cloud
(systems installed in a private cloud). The platform keeps the
on-premises hot data generated in the near past by apply-
ing retention policies that have been specifically defined to
meet the requirements of the added value services that con-
sume these data. The collected and stored data include the
industrial variables describing the process and quality of
products. On the one hand, as mentioned data services store
above all information, even the information collected from
line controllers through the embedded OPCUA servers. This
includes all the process information about the real-time status
of production equipment and all the product quality-related
information generated by the compute-vision grading sys-
tem. On the other hand, data services allow applications to
enrich this information with additional context information,
like the information provided by operators in natural lan-
guage to better describe incidences and machine failures.

The implemented MES/MOM applications are basically
web applications that provide the manufacturing execu-
tion system and the manufacturing operation management
functionalities, backed by the edge/cloud platform services.
These MES/MOM applications focus on some demanded
key functionalities, which mainly revolve around four mile-
stones: production key performance indicators (KPIs) moni-
toring, production order control, production batch traceabil-
ity and production process management.

Finally, the objective of the anomaly detection and pre-
dictive maintenance module is to put the maintenance data
to good use to provide value data-driven services in this
area. Anomaly detection and predictive maintenance allow
unexpected events in machine performance to be reported by
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Fig. 9 Scheme of the Multiscan
MGS cherry tomato grading and
sorting line (source DIH4CPS
project dissemination archives)

Fig. 10 Multiscan MGS cherry
tomato grading and sorting line
(source DIH4CPS project
dissemination archives)

Fig. 11 Detail of Multiscan MGS
cherry tomato grading and
sorting line (source DIH4CPS
project dissemination archives)

studying baseline normality trends with contextual informa-
tion, reporting anomaly detection and the estimated time to
failure of machines and predicting any likely failures. In this
way, the described module provides a solution to several key
issues: (i) detecting and warning in real time when operat-
ing parameters deviate from expected machine performance;
(ii) studying and adjusting for drift and seasonal variations
in performance estimators; (iii) minimising loss of availabil-
ity due to unplanned repair and adjustment downtime; (iv)

reducing operating costs by planningmaintenance and stock-
ing appropriate spare parts on site in advance; (v) optimally
integrating the planned downtime into the operating sched-
ule. Of the different possible models towards this endeavour,
the use of survival models and classifiers was chosen for
this project. Survival models are appropriate for obtaining
several probability estimations for failure in different future
times by allowing maintenance to be adapted according to
the taken risk. Besides, classifier models provide different
probabilities for each failure type during a given time period.
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Fig. 12 The iAE6 high-level technical architecture

The pilot was prepared by provisioning plant facilities
with laboratory equipment, which consisted of a food pro-
cessing line simulator, whose main function is to generate
values for the different industrial variables from the avail-
able historical data. With this simulator, the installation and
integration of the different components were validated under
laboratory conditions by evaluating the installation proce-
dures and user interfaces to ensure that user requirements and
acceptance criteriaweremet.Once the solutionwas validated
under laboratory conditions, the tested unit was installed on
the user’s premises and finally commissioned.

Managerial implications of iAE6

From the knowledge acquired during the experiment, sev-
eral implications for user management processes are worth
highlighting: (i) better monitoring of production KPIs; a
benefit that comes from the MES/MOM applications. This
is because they calculate KPIs from the collected data and
display themon comprehensive dashboards designed specifi-
cally for different user profiles (operator, productionmanager
or maintenance manager) so that everyone involved in the
process can assimilate information; (ii) improved order con-
trol due toMES/MOMapplications, which provide functions
to dispatch production orders to the shop floor (operators and
manufacturing equipment), and show the production plan

current status to relevant users; (iii) enhanced process man-
agement thanks again to the MES/MOM applications by
monitoring and controlling the manufacturing process sta-
tus, and by showing operators the current status of the line
and allowing them to specify the cause of stoppage when it is
not detected by a machine; (iv) improved production perfor-
mance, derived from the benefits of anomaly detection and
the predictive maintenance system. This vertical solution is
expected to be well accepted by the SMEs involved in food
grading and sorting, which currently have lower Industry 4.0
maturity levels than larger companies, which usually access
technological resources more easily.

Organisational aspects of the iAE6 experiment

Three organisations participated in the design and develop-
ment of the iAE6 experiment: (i) The Universitat Politècnica
de València (UPV), a member of the DIH for the eco-
nomic promotion of the Valencian Community (InnDIH).
It plays the role of team leader, system architect and DIH
member that specialises in production management tech-
nologies (here mainlyMES/MOM technologies) through the
Centro de Investigación en Gestión e Ingeniería de la Pro-
ducción (CIGIP), which belongs to this university. (ii) The
Instituto Tecnológico de Informática (ITI), another InnDIH
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Fig. 13 iAE6 overall organisation

member. It acts as a specialist inmachine learning and predic-
tive maintenance technologies. (iii) The company Multiscan
Technologies SL. It is the designer, manufacturer, installer
andmaintainer of the product (MultiscanMGScherry tomato
grading and sorting line of reference PL18007), and is the end
user of the solution. It also acts as a specialist in machine
vision technology. These three organisations are the inter-
vening actors that play an active role in developing the target
solution of this experiment. SAT Costa de Níjar, a company
that produces, processes and sells agricultural products, has
offered its facilities to run the pilot. However, this com-
pany does not play an active role in experiment development,
which is why it is not considered in the use case (Fig. 13).

Implementing the collaboration framework

The iAE6 experiment provides a real and sufficiently com-
plex case to constitute a representative example of the
collaborative processes that exist in the innovation ecosys-
tems generated around DIHs. The application of IOTAM to
this case initially requires defining the source, destination,
channels and assets involved in the collaboration process.
The example provided by the iAE6 experiment involves, as
shown, three collaborating organisations, any of which can
act as both the source and destination of assets during the col-
laboration process. This circumstance provides six potential
collaboration channels (Table 6; Fig. 14):

The next step in this bottom-up process is to carry out
an analysis to identify the different service types exchanged
during the collaboration process, regardless of their origin
or destination, into the most elementary services of among
the 20 possible types of organisations’ services portfolio
(Table 7).

Table 7 shows the service macroclasses and service types
named and numbered according to the D-BEST portfolio, set
out in Table 4, as well as their translation into the IOTAM
code, which numbers them with a single digit from 1 to
20 (Fig. 6). Hereafter in this article, the code used will be
IOTAM. To follow this process, collaboration activities have

Table 6 Collaboration channels in the use case

Channel Collaboration origin or
asset transferor

Collaboration
destination or asset
receiver

Channel 1 UPV ITI

Channel 2 ITI UPV

Channel 3 UPV MULTISCAN

Channel 4 MULTISCAN UPV

Channel 5 ITI MULTISCAN

Channel 6 MULTISCAN UPV

Fig. 14 iAE6 detailed organisation with all the collaboration channels
opened among the UPV, ITI and Multiscan

Table 7 List of services identified during the collaborative exchange
process

Service
Macroclass

Service
type

Service
type
(IOTAM
code)

Service type name

Ecosystem 1.3 3 Ecosystem governance

Technology 2.1 4 Ideas management and
materialisation

Technology 2.2 5 Contract research

Technology 2.3 6 Provision of infrastructure

Technology 2.4 7 Technical support on scale up

Skills 4.3 15 Skill improvement

Data 5.1 16 Data acquisition and sensing

Data 5.3 18 Decision-making

Data 5.5 20 Data Sharing
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to be decomposed channel by channel. In the iAE6 exper-
iment, this decomposition would take the following form
(Table 8):

As previously indicated in the conceptual framework pre-
sentation, there is the possibility of adding an additional
characterisation layer to the exchange of the collaborative
relationships among the three entities because, as for each
service type, the D-BESTmodel provides an additional clas-
sification level called service class (Table 4). So it is feasible
to measure the service depth of collaborative interrelation-
ships by simply counting the number of service classes
involved in each individual asset flow, e.g. on a percentage
basis. By this approach, let us take a closer look at each ele-
mentary service to better understand their rationale from a
general perspective. Tables 9, 10, 11, 12, 13 and 14 show the

services provided by each collaboration, described per chan-
nel as displayed in Table 8 (the truly involved service classes
are marked in bold):

After identifying the channelswith their respective origins
and destinations, decomposing the collaboration process into
elementary services, classifying these elementary services
into types and calculating the service depth, the next stage
in the process is to determine both the assets involved in
each elementary service and their typology among the five
possible ones: competences, knowledge, technology, infras-
tructure and funds (Table 15). This provides a first detailed
overview of the flow of the assets involved in the collabora-
tion process.

The codes used in columns C, K, T, I and F of Table 15
result from combining the initial letter of the asset name and
the IOTAM code of the involved service. For example, code
K3 implies knowledge transfer in the EcosystemGovernance

Table 8 Service decomposition of the collaboration process

Channel Origin–destination Service
Macroclass

Service
type

Service type name

Channel 1 UPV → ITI Ecosystem 3 Ecosystem governance

Technology 4 Ideas management and materialisation

Data 16 Data acquisition and sensing (Training dataset acquisition,
preparation and sharing)

Data 17 Data processing and analysis

Channel 2 ITI → UPV Data 17 Data processing and analysis

Data 20 Data Sharing (Predictive maintenance model training,
building, and sharing)

Channel 3 UPV → MULTISCAN Ecosystem 3 Ecosystem governance

Technology 4 Ideas management and materialisation

Technology 5 Contract research

Technology 7 Technical support on scale up

Skills 15 Skill improvement

Data 16 Data acquisition and sensing

Data 18 Decision-making

Data 20 Data Sharing

Channel 4 MULTISCAN → UPV Technology 4 Ideas management and materialisation

Technology 6 Provision of infrastructure

Technology 7 Technical support on scale up

Skills 15 Skill improvement

Data 16 Data acquisition and sensing

Channel 5 ITI → MULTISCAN Technology 5 Contract research

Skills 15 Skill improvement

Data 16 Data acquisition and sensing

Data 18 Decision-making

Data 20 Data Sharing

Channel 6 MULTISCAN → UPV Technology 6 Provision of infrastructure

Skills 15 Skill improvement

Data 16 Data acquisition and sensing

123



Journal of Intelligent Manufacturing (2025) 36:1505–1545 1529

Table 9 Rationale of the elementary services of Channel 1 UPV → ITI

Service
Macroclass

Service
type

Service type name Service class Service depth

Ecosystem 3 Ecosystem governance: in the role of
the iAE6 experiment leader, the UPV
provides ITI with both the service
impact assessment through the
corresponding key performance
indicators and ecosystem management,
which includes engagement rules and
governance structure to ease
relationships among organisations

1.3.1. Service impact assessment 2 Out of 2 100%

1.3.2. Ecosystem management

Technology 4 Ideas management and
materialisation: the UPV, based on the
pilot knowledge, generates the idea for
the application experiment, evaluates it
and analyses its feasibility by
subsequently involving ITI in the
generated idea

2.1.1. Ideas generation, assessment,
and feasibility study

1 Out of 2 50%

2.1.2. Technology readiness assessment

Data 16 Data acquisition and sensing (Training
dataset acquisition, preparation and
sharing): training data acquisition for
preventive maintenance comes mainly
from the MES/MOM management
system, which acts as a central hub by
collecting and contextualising sensor
data

5.1.1. Data acquisition 1 Out of 2 50%

5.1.2. Data protection

Data 17 Data processing and analysis: Data are
prepared in a first stage from the side
of UPV according to the requirements
of the analytic models for predictive
maintenance

5.2.1. Data storage 1 Out of 2 50%

5.2.2. Data analytics

Collaboration average depth 5 Out of 8 63%

Table 10 Rationale of the elementary services of Channel 2 ITI → UPV

Service
Macroclass

Service
type

Service type name Service class Service depth

Data 17 Data processing and analysis: Data are
prepared from the side of ITI according to
the requirements of the front-end systems

5.2.1. Data storage 1 Out of 2 50%

5.2.2. Data analytics

Data 20 Data sharing: ITI, for being responsible for
designing the predictive maintenance
models, defines both the data space on
which data models and data formats are to
be used. The security standards adopted in
the system architecture enable secure and
reliable data exchange. ITI also provides
the data and computing infrastructure to
enable the training of the model, and
provides connection services to ingest the
train the datasets delivered by the UPV.
The trained models are then deployed
using secure interfaces

5.2.2 Data analytics 2 Out of 3 67%

5.5.1. General Data Protection
Regulation (GDPR)

5.5.2. Data spaces

5.5.3. Data Platform

Collaboration average depth 3 Out of 5 60%
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Table 11 Rationale of the elementary services of Channel 3 UPV → MULTISCAN

Service
Macroclass

Service
type

Service type name Service class Service depth

Ecosystem 3 Ecosystem governance: as the iAE6
experiment leader, the UPV provides
the multiscan both the service impact
assessment through the corresponding
KPIs and ecosystem management,
including engagement rules and
governance structure to ease
relationships among organisations

1.3.1. Service impact assessment 2 Out of 2 100%

1.3.2. Ecosystem management

Technology 4 Ideas management and
materialisation: the UPV, based on
pilot knowledge, generates the idea for
the application experiment, evaluates it
and analyses its feasibility, and
subsequently involves MULTISCAN in
the process

2.1.1. Ideas generation,
assessment, and feasibility
study

1 Out of 2 50%

2.1.2. Technology readiness
assessment

5 Contract research: as one of the main
elementary services of the
collaboration carried out in the iAE6
experiment, UPV researches and
develops to support the conversion of
the initial idea of improving the
Multiscan grading and sorting line by
implementing MES/MOM systems into
a demonstrable concept by applying
technological innovation to improve it

2.2.1. Strategic and specific
research and development
(R&D)

2 Out of 2 100%

2.2.2. Technology concept
development/proof of concept
(PoC)

7 Technical support on scale up: with
this service, the UPV validates the
previously researched concept,
developed with the participation of
Multiscan to confirm its feasibility,
firstly in a controlled laboratory
environment and then in a real
industrial relevant environment for the
iAE6 experiment at the pilot company’s
facilities: SAT Costa de Níjar,
Multiscan’s customer

2.4.1. Concept validation 2 Out of 2 100%

2.4.2. Prototyping

Skills 15 Skill improvement: with this service,
the UPV undertakes the task of training
and retraining Multiscan’s human
resources specifically involved in the
design, production and maintenance of
the MGS cherry tomato grading and
sorting line PL18007, in everything
related to the MES/MOM systems
researched, developed and validated in
previous stages. The objective is to
acquire the necessary knowledge and
technical skills through training,
refinement and retraining workshops,
both online and on-site, on the pilot’s
premises. This training includes
support for training in the production
and maintenance of human resources of
Multiscan’s customer, SAT Costa de
Níjar

4.3.1. Human up-skilling and
re-skilling training

1 Out of 3 33%

4.3.2. Educational programmes

4.3.3. Scouting and brokerage
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Table 11 (continued)

Service
Macroclass

Service
type

Service type name Service class Service depth

Data 16 Data acquisition and sensing: this
service refers mainly to the necessary
tasks to define the data acquisition
methods from the sensors of the sorting
and grading line, the pilot’s ERP, the
production context, etc., to feed the
MES/MOM management system

5.1.1. Data acquisition 1 Out of 2 50%

5.1.2. Data protection

18 Decision making: with this service, the
UPV integrates the tasks needed to
generate decision support systems and
developments by analysing the data
present in the back end of MES/MOM
solutions, including prediction,
prescription, simulation or formal logic

5.3.1. Cognitive big data
architecture

1 Out of 2 50%

5.3.2. Decision support and
development

20 Data sharing: following the rules and
methods defined by ITI, the UPV is
responsible for the system architecture,
and generates the data models and
ontologies used in the data exchange of
the MES/MOM systems

5.5.1. General Data Protection
Regulation (GDPR)

1 Out of 3 33%

5.5.2. Data spaces

5.5.3. Data Platform

Collaboration average depth 11 Out of 18 61%

service type; codeC15 denotes the transfer of competences in
the Skill Improvement service type. All these collaboration
interrelationships are graphically represented in Fig. 15.

It is interesting to note some points in relation to Table 15
and Fig. 15. As the purpose of the experiment is for the organ-
isations belonging to the involved DIH, InnDIH (UPV and
ITI) to provide support to the end user (MULTISCAN), the
two channels where Multiscan was the destination of col-
laboration were expected to present a greater assets flow, as
shown by the aforementioned table and figure. Both were
also expected to show at first glance the specific case of the
iAE6 experiment to have a strong cognitive and technologi-
cal component, typical of collaborations whose aim is R&D
and innovation. However, this is something that ultimately
depends on not only the number of involved assets, but also
on their quantification. Another issue to highlight is service
depth data, which provide information on how many ser-
vice types are involved in collaboration. If a service depth is
not 100%, it can have two meanings: collaboration does not
include all the services in the organisation’s detailed port-
folio because there is no need for this; or the organisation
is not capable of providing them and, if that service type is
required, it must be provided by another organisation.

Once each involved asset flow is identified, the last stage of
the process is precisely that: quantify asset flows. To do so,
organisations must firstly select the most appropriate mea-
surement units for the assessment, which depends on both
the asset type and the organisation itself. In our case, all the

involved assets can be measured in terms of the time spent
by the organisations’ different human resources categories
(Table 16); e.g. the average persons per month for a period
of time, which is usual in research projects like DIH4CPS.
Tables 17, 18, 19, 20, 21 and 22 show an example of iAE6
project completion by considering an 18-month period to run
the experiment (the given figures are not real and are only
intended to show how to complete this process step):

In order to summarise the data about the quantification of
asset flows, classified by organisations, a table can be com-
piled as follows (Table 23):

With all this collected information (without going into
further disquisitions about the efficiency of the collaboration
channel, which is dealt with more extensively in the next
section), it can be stated that the collaboration among UPV,
ITI, and Multiscan in the iAE6 experiment is fully mapped,
characterised and quantified.

Discussion

The conceptual framework presented and outlined in this
article, which has been developed to descriptively address
collaboration in the relational network of European innova-
tion ecosystems context, can be discussed on several fronts
as herein anticipated: (i) one first aspect to comment on stems
from its aptitude as a lever to move towards a solid collabo-
ration model; (ii) a second point to consider arises from its
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Table 12 Rationale of the elementary services of Channel 4 MULTISCAN → UPV

Service
Macroclass

Service
type

Service type name Service class Service depth

Technology 4 Ideas management and
materialisation: MULTISCAN
collaborates with UPV by providing
the necessary information for this
process

2.1.1. Ideas generation, assessment,
and feasibility study

1 Out of 2 50%

2.1.2. Technology readiness assessment

6 Provision of infrastructure: Here
Multiscan, as the only organisation
with a contractual connection to the
pilot company, S.A.T. Costa de Níjar,
organises everything necessary to
provide UPV with access to the
infrastructure provided by the pilot
company, as well as all the assistance
required from the administration,
production and maintenance staff of
this company

2.3.1. Access to infrastructure and
technological platforms

1 Out of 1 100%

7 Technical support on scale up:
MULTISCAN collaborates with UPV
by providing the necessary information
for this process

2.4.1. Concept validation 2 Out of 2 100%

2.4.2. Prototyping

Skills 15 Skill improvement:MULTISCAN’s
staff attend the training and retraining
activities taught by the UPV related to
the MES/MOM solutions

4.3.1. Human up-skilling and
re-skilling training

1 Out of 3 33%

4.3.2. Educational programmes

4.3.3. Scouting and brokerage

Data 16 Data acquisition and sensing:
MULTISCAN collaborates with UPV
by providing the necessary information
for this process, mainly documentation
describing how to access the industrial
variables available in the OPC UA
interface and what information they
convey

5.1.1. Data acquisition 1 Out of 2 50%

5.1.2. Data protection

Collaboration average depth 6 Out of 10 60%

connotations regarding interoperability; (iii) to conclude the
discussion, a third point worth looking closely at is sustain-
ability repercussions.

A thorough conceptualisation and understanding of the
interaction processes involved in the collaboration between
the existing entities in an innovation ecosystem, basically
and usually formed around DIHs or EDIHs, requires identi-
fying, characterising and organising their elements, structure,
parameters and variables, and also providing a quantitative
nuance so that the developed framework serves as a lever for
solid modelling that facilitates a methodology to assess in
practice the magnitude of collaboration between two organ-
isations. As noted in the previous section, this is possible
by mapping and identifying each individual asset transfer
flow because, once the two ends of the channel are identi-
fied and point to a very specific asset type, it is possible to
value them and the transfer flow magnitude between organ-
isations, which serves as the primary piece of calculation of

any complex case, as seen in the use case. So it is necessary
to quantify all the individual asset transfer flows that occur
between transferor and receiver organisations.

From the above starting point to quantify the collabora-
tion involving a given FA−T

O−O′ individual flow of transfer from
one organisation O to another O′, the first degree of added
complexity in quantification terms comes from considering
that the collaboration of O with O′ covers several fronts and,
thus, integrates several individual asset flows. The sum of the
magnitudes of the different individual flows involves hav-
ing to standardise units of measurement. When talking about
competences, knowledge, technology or infrastructure, it is
possible to use the spent time or the use of assets and the
monetary value. However, this is not the case when the asset
is funding: in principle, it is only possible to use themonetary
value of the transfer as the unit of measurement. Therefore,
one aspect to consider in this respect would be that the sum of
the magnitudes of transfer flows requires the monetary value
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Table 13 Rationale of the elementary services of Channel 5 ITI → Multiscan

Service
Macroclass

Service
type

Service type name Service class Service depth

Technology 5 Contract research: as another of the main
elementary services of the collaboration
in the iAE6 experiment, ITI researches
and develops to support conversion into
a demonstrable concept of the initial
idea of improving the Multiscan grading
and sorting line by implementing a
system to detect anomalies in the line’s
operation and for predictive maintenance
by applying technological innovation for
these purposes

2.2.1. Strategic and specific research
and development (R&D)

2 Out of 2 100%

2.2.2. Technology concept
development/proof of concept (PoC)

Skills 15 Skill improvement: with this service, ITI
undertakes the task of training and
retraining Multiscan’s human resources
specifically involved in maintaining the
MGS cherry tomato grading and sorting
line PL18007, in everything related to
the systems researched for anomaly
detection and predictive maintenance,
developed and validated in previous
stages. The objective is to acquire the
necessary knowledge and technical
skills through training, refinement and
retraining workshops, both online and
on-site, on the pilot’s premises. This
training includes support in the training
of the maintenance human resources of
Multiscan’s customer, SAT Costa de
Níjar

4.3.1. Human up-skilling and
re-skilling training

1 Out of 3 33%

4.3.2. Educational programmes

4.3.3. Scouting and brokerage

Data 16 Data acquisition and sensing: this
service refers mainly to the necessary
tasks to define the data acquisition
methods from the sensors of the sorting
and grading line and the MES/MOM
management system to feed the module
for anomaly detection and prescriptive
maintenance

5.1.1. Data acquisition 1 Out of 2 50%

5.1.2. Data protection

18 Decision making: with this service, ITI
integrates the tasks needed to generate
decision support systems and
developments by analysing the data
present in the back end of the module for
anomaly detection and predictive
maintenance, including cognition,
prediction, prescription, simulation,
machine learning or formal logic

5.3.1. Cognitive big data architecture 1 Out of 2 50%

5.3.2. Decision support and
development

20 Data sharing: ITI, which is responsible
for the system’s architecture, designs
both the data space on which data
models and ontologies that enable secure
and reliable data exchange are based,
and the data platform that enables the
development of the architecture and its
components, and provides connection
services

5.5.1. General Data Protection
Regulation (GDPR)

1 Out of 3 33%

5.5.2. Data spaces

5.5.3. Data Platform

Collaboration average depth 6 out of
12

50%
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Table 14 Rationale of the elementary services of Channel 6 MULTISCAN → ITI

Service
Macroclass

Service
type

Service type name Service class Service depth

Technology 6 Provision of infrastructure: Here
Multiscan, as the only organisation
with a contractual connection to the
pilot company, SAT Costa de Níjar,
organises everything necessary to
provide ITI with access to the
infrastructure provided by the pilot
company, as well as all the assistance
required from the administration,
production and maintenance staff of
this company

2.3.1. Access to infrastructure and
technological platforms

1 Out of 1 100%

Skills 15 Skill improvement:MULTISCAN’s
staff attend the training and retraining
activities taught by the ITI related to
the module for anomaly detection and
predictive maintenance

4.3.1. Human up-skilling and
re-skilling training

1 Out of 3 33%

4.3.2. Educational programmes

4.3.3. Scouting and brokerage

Data 16 Data acquisition and sensing:
MULTISCAN collaborates with ITI by
providing the necessary information for
this process

5.1.1. Data acquisition 1 Out of 2 50%

5.1.2. Data protection

Collaboration average depth 3 out of 6 50%

to be used as the unit of measurement, unless no funding
takes place. This is extensible to more complex cases that
involve collaboration between more than two organisations.

The next degree of complexity in the calculation arises
when not only organisation O transfers assets to O′, but
simultaneously organisation O′ also transfers others to O.
Thus both organisations simultaneously act as transferors and
receivers. The mutual collaboration involved in this case can
be quantitatively analysed from a twofold perspective: (i) on
the one hand, the total flow of existing collaboration by the
two entities can be calculated by adding the total of the indi-
vidual transfer values issued in both directions; (ii) on the
other hand, it may be useful to obtain the final balance of the
collaboration between both entities and find out which one
offers collaboration surplus, which presents a deficit, as well
as the magnitude of the difference, which implies subtracting
the flows from one organisation to another.

Finally, the highest degree of complexity in the calcula-
tion occurs when, as is often the case in DIH networks, more
than two organisations are involved in a multiple simultane-
ous collaboration process, as in the use case. IOATM allows
this type of problem to be scaled from the simplest above-
explained case because any of these complex problems is
simply the composition of dual subproblems, i.e. problems
formed around two organisations. Therefore, conversely, the
problems generated around multiple organisations can be
simplified by decomposing them into subproblems formed

by pairs of organisations and their corresponding asset trans-
fers. From this point, the valuation of the total collaboration
between all the collaborative entities results from adding all
the existing dual subproblems.With this inmind, this concep-
tual framework, therefore, provides a scalable and adaptable
tool for modelling collaboration in innovation ecosystems
consisting of numerous organisations. Finally, it is worth
mentioning that a model developed from this framework
should also incorporate some nuance parameters that mod-
ify the calculated values, depending on some notable factors
that can alter the efficiency of collaboration, such as the har-
nessing degree of collaboration in the receiving organisation,
asset transfer efficiency depending on the interoperability
degree that exists through the transfer channel, as discussed
later, or the efficiency of the transfer impulsion exerted by the
transferor entity (Fig. 16). These three factors can be subject
to variations due to the many causes that require an analysis,
along with future modelling.

The approach provided within this framework to the col-
laborative process is based on considering it to be an assets
flow from a first organisation to a second one to increase the
latter’s capabilities to provide services according to the D-
BEST model categorisation and using the mapping of asset
types as support. As a system, this approach represents a tool
to standardise and specify the basic elements that intervene in
any collaborative interaction process in an innovation ecosys-
tem. For this reason, it is considered essential to establish the
framework. Despite being indispensable, this tool does not

123



Journal of Intelligent Manufacturing (2025) 36:1505–1545 1535

Ta
bl
e
15

A
ss
et
flo

w
s
of

th
e
co
lla
bo
ra
tiv

e
pr
oc
es
se
s
in

iA
E
6

C
ha
nn

el
O
ri
gi
n–

de
st
in
at
io
n

Se
rv
ic
e
M
ac
ro
cl
as
s

Se
rv
ic
e
ty
pe

Se
rv
ic
e
ty
pe

na
m
e

Se
rv
ic
e
de
pt
h
(%

)
A
ss
et

C
K

T
I

F

C
ha
nn
el
1

U
PV

→
IT
I

E
co
sy
st
em

3
E
co
sy
st
em

go
ve
rn
an
ce

10
0

K
3

Te
ch
no
lo
gy

4
Id
ea
s
m
an
ag
em

en
ta
nd

m
at
er
ia
lis
at
io
n

50
K
4

D
at
a

16
D
at
a
ac
qu

is
iti
on

an
d
se
ns
in
g

50
T
16

D
at
a

17
D
at
a
pr
oc
es
si
ng

an
d
an
al
ys
is

50
T
17

C
ha
nn
el
2

IT
I
→

U
PV

D
at
a

17
D
at
a
pr
oc
es
si
ng

an
d
an
al
ys
is

50
T
17

D
at
a

20
D
at
a
sh
ar
in
g

67
T
20

C
ha
nn
el
3

U
PV

→
M
U
LT

IS
C
A
N

E
co
sy
st
em

3
E
co
sy
st
em

go
ve
rn
an
ce

10
0

K
3

Te
ch
no
lo
gy

4
Id
ea
s
m
an
ag
em

en
ta
nd

m
at
er
ia
lis
at
io
n

50
K
4

Te
ch
no
lo
gy

5
C
on
tr
ac
tr
es
ea
rc
h

10
0

T
5

Te
ch
no
lo
gy

7
Te
ch
ni
ca
ls
up
po
rt
on

sc
al
e
up

10
0

K
7

Sk
ill
s

15
Sk

ill
im

pr
ov
em

en
t

33
C
15

D
at
a

16
D
at
a
ac
qu

is
iti
on

an
d
se
ns
in
g

50
T
16

D
at
a

18
D
ec
is
io
n-
m
ak
in
g

50
T
18

D
at
a

20
D
at
a
sh
ar
in
g

33
T
20

C
ha
nn
el
4

M
U
LT

IS
C
A
N

→
U
PV

Te
ch
no
lo
gy

4
Id
ea
s
m
an
ag
em

en
ta
nd

m
at
er
ia
lis
at
io
n

50
T
16

Te
ch
no
lo
gy

6
Pr
ov
is
io
n
of

in
fr
as
tr
uc
tu
re

10
0

K
4

I6

Te
ch
no
lo
gy

7
Te
ch
ni
ca
ls
up
po
rt
on

sc
al
e
up

10
0

K
7

Sk
ill
s

15
Sk

ill
im

pr
ov
em

en
t

33
C
15

D
at
a

16
D
at
a
ac
qu

is
iti
on

an
d
se
ns
in
g

50

C
ha
nn
el
5

IT
I
→

M
U
LT

IS
C
A
N

Te
ch
no
lo
gy

5
C
on
tr
ac
tr
es
ea
rc
h

10
0

T
5

Sk
ill
s

15
Sk

ill
im

pr
ov
em

en
t

33
C
15

D
at
a

16
D
at
a
ac
qu

is
iti
on

an
d
se
ns
in
g

50
T
16

D
at
a

18
D
ec
is
io
n-
m
ak
in
g

50
T
18

D
at
a

20
D
at
a
sh
ar
in
g

33
T
20

C
ha
nn
el
6

M
U
LT

IS
C
A
N

→
IT
I

Te
ch
no
lo
gy

6
Pr
ov
is
io
n
of

in
fr
as
tr
uc
tu
re

10
0

I6

Sk
ill
s

15
Sk

ill
im

pr
ov
em

en
t

33
C
15

D
at
a

16
D
at
a
ac
qu

is
iti
on

an
d
se
ns
in
g

50
T
16

A
bb

re
vi
at
io
ns

fo
r
as
se
ts
:
C
(c
om

pe
te
nc
es
),
K

(k
no
w
le
dg
e)
,T

(t
ec
hn
ol
og
y)
,I

(I
nf
ra
st
ru
ct
ur
e)
,F

(F
un
ds
)

123



1536 Journal of Intelligent Manufacturing (2025) 36:1505–1545

Fig. 15 Asset flow map of the collaboration interrelationships between the UPV, ITI and MULTISCAN
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Table 16 Professional categories involved in collaboration

UPV and ITI Multiscan

Categories MR: Main researcher M: Department Manager

ST: Senior technician

PoD: PostDoc researcher JT: Junior technician

PrD: PreDoc researcher SW: Skilled worker

Table 17 Quantification of asset flows of the collaborative processes in iAE6 for Channel 1 UPV → ITI (person × months)

Channel Origin–destination Service type Service type name K T

Type MR PoD PrD Type MR PoD PrD

Channel 1 UPV → ITI 3 Ecosystem
governance

K3 0.05 0.25 0.90

4 Ideas management
and mat

K4 0.05 0.15

16 Data acquisition and
sensing

T16 0.25

17 Data processing and
analysis

T17 0.20

SUBTOTALS 0.10 0.40 0.90 0.45

Table 18 Quantification of asset flows of the collaborative processes in iAE6 for Channel 2 ITI → UPV (person × months)

Channel Origin–destination Service type Service type name T

Type MR PoD PrD

Channel 2 ITI → UPV 17 Data processing and analysis T17 0.05 0.20

20 Data Sharing T20 0.05 0.45

SUBTOTALS 0.10 0.65

constitute a sufficient resource to create a robust model by
itself because, although it allows the definition of both the
origin and destination of the assets flow and the transferred
asset itself, as stated above, it is essential to pay attention to
the environment through which the transfer occurs because
this medium must be enable an efficient flow for collabora-
tion to optimally materialise. Efficiency here means that the
asset flow occurs between both organisations under interop-
erability conditions and these conditions are sustainable from
a comprehensive perspective, i.e. organisations are interoper-
able at (i) the data level, (ii) the service level, (iii) the process
level and (iv) the business level (Fig. 17), and all from the
triple dimension of conceptual, technological and organisa-
tional barriers (Ducq et al., 2012).

Indeed the value of the transferred assets may be altered
by the greater or lesser ability of the organisations involved
to access and process data from their multiple sources with-
out losingmeaning and subsequently integrating them so that
any of them can locate, explore and grasp the structures and

contents of datasets. Thus an efficient collaborative process
requires the prior assessment of interoperability at the data
level. The same applies when the asset transfer is performed
through distributed systems, and the ability to cooperate in
services that imply data exchanges, despite differences in lan-
guage, interface and execution platforms (Fang et al., 2004),
is also crucial. Hence troubles with the interoperability at
the service level can prove to be a disturbing factor that
needs evaluation and control, a task that must be done from
a comprehensive perspective and involves interoperability
sublevels, such as the signature, protocol, semantic, qual-
ity and context sublevels (Strang and Linhoff-Popien, 2003).
In networked environments, such as the entities making up
innovation ecosystems, it is no less important to ensure that
the processes of those organisations that interact to collab-
orate are designed to work together (federated relationship
approach) or are even conceived from the outset as a single
common process (integrated relationship approach) (Ducq

123



1538 Journal of Intelligent Manufacturing (2025) 36:1505–1545

Ta
bl
e
19

Q
ua
nt
ifi
ca
tio

n
of

as
se
tfl

ow
s
of

th
e
co
lla
bo
ra
tiv

e
pr
oc
es
se
s
in

iA
E
6
fo
r
C
ha
nn
el
3
U
PV

→
M
ul
tis
ca
n
(p
er
so
n

×
m
on
th
s)

C
ha
nn
el

O
ri
gi
n–

de
st
in
at
io
n

Se
rv
ic
e

ty
pe

Se
rv
ic
e
ty
pe

na
m
e

C
K

T

Ty
pe

M
R

Po
D

Pr
D

Ty
pe

M
R

Po
D

Pr
D

Ty
pe

M
R

Po
D

Pr
D

C
ha
nn
el
3

U
PV

→
M
ul
tis
ca
n

3
E
co
sy
st
em

go
ve
rn
an
ce

K
3

0.
15

0.
40

4
Id
ea
s
m
an
ag
em

en
ta
nd

m
at

K
4

0.
20

0.
50

1.
05

5
C
on

tr
ac
tr
es
ea
rc
h

T
5

0.
40

1.
00

2.
05

7
Te
ch
ni
ca
ls
up
po
rt
on

sc
al
e

up
K
7

0.
35

0.
55

15
Sk

ill
im

pr
ov
em

en
t

C
15

0.
40

16
D
at
a
ac
qu

is
iti
on

an
d

se
ns
in
g

T
16

1.
25

18
D
ec
is
io
n-
m
ak
in
g

T
18

0.
05

0.
70

1.
80

20
D
at
a
Sh

ar
in
g

T
20

0.
55

1.
45

SU
B
T
O
TA

L
S

0.
40

0.
35

1.
25

1.
60

0.
45

3.
80

5.
30

123



Journal of Intelligent Manufacturing (2025) 36:1505–1545 1539

Table 20 Quantification of asset flows of the collaborative processes in iAE6 for Channel 4 Multiscan → UPV (person × months)

Channel Orig-
in–destination

Service
type

Service type
name

C K

Type M ST JT SW Type M ST JT SW

Channel 4 Multiscan →
UPV

4 Ideas man-
agement
and mat

K4 0.10 0.20

7 Technical
support on
scale up

K7

15 Skill
improve-
ment

C15 0.50 1.20 4.00 0.05

SUBTOTALS 0.50 1.20 4.00 0.10 0.20 0.05

Channel Origin–destination Service
type

Service type
name

T I

Type M ST JT SW Type M ST JT SW

Channel 4 Multiscan → UPV 6 Provision of
infrastructure

I6 0.05 0.10

16 Data acquisition
and sensing

T16 0.10

SUBTOTALS 0.10 0.05 0.10

Table 21 Quantification of asset flows of the collaborative processes in iAE6 for Channel 5 ITI → Multiscan (person × months)

Channel
Origin–destination

Service
type

Service type name K T

Type MR PoD PrD Type MR PoD PrD

Channel 5 ITI → Multiscan 5 Contract research T5 0.30 1.00 1.75

15 Skill improvement C15 0.40

16 Data acquisition and
sensing

T16 1.00

18 Decision-making T18 0.05 0.65 2.05

20 Data Sharing T20 0.90 2.20

SUBTOTALS 0.40 0.35 3.55 6.00

et al., 2012). Taking this step to address the necessary inter-
operability at the process level is crucial to safeguard the
efficiency of the transfer of such transfer-sensitive assets as
knowledge. To succeed in this, a significant part of the effort
should focus on modelling network processes and defining
system objectives (Ducq et al., 2012) from a collaborative
working perspective. Regarding the last interoperability level
(that of business), it must be seen as the last link in the chain
that joins collaboration to efficiency through interoperabil-
ity. Collaborative entities must be able to collaborate both
organisationally and operationally with their network part-
ners, and regardless of them being at the same or a different
relationship level, or if they are to effectively establish, con-
duct anddevelop their relationships supported by information
and communication technologies to create value in order to

prevent that different legislation, corporate cultures, general,
specificworking procedures, or decision-makingmethodolo-
gies to undermine the effectiveness of the transfer of assets
in collaborative processes. At this level and to that end, prac-
ticality must prevail. So the task of being interoperable will
require addressing four challenges: (i) the interoperability
of integrated value networks; (ii) the economic evaluation
of business interoperability; (iii) the determination of opti-
mal interoperability levels; (iv) the design of internal and
interorganisational systems and process architectures for
interoperability (Legner & Lebreton, 2007). All this needs
to be taken into account from a managerial viewpoint.

Nowadays, sustainability is, and rightly so, a cross-cutting
concern in practically any sector and activity. Collabora-
tion between organisations does not escape this growing
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Table 22 Quantification of asset flows of the collaborative processes in iAE6 for Channel 6 Multiscan → ITI (person × months)

Channel Orig-
in–destination

Service
type

Service type
name

I C

Type M ST JT SW Type M ST JT SW

Channel 6 Multiscan → ITI 6 Provision of
infrastruc-
ture

I6 0.05 0.10

15 Skill
improve-
ment

C15 0.45 1.20 3.80

SUBTOTALS 0.05 0.10 0.45 1.20 3.80

Channel Origin–destination Service type Service type name T

Type M ST JT SW

Channel 6 Multiscan → ITI 16 Data acquisition and sensing T16 0.10

SUBTOTALS 0.10

trend, certainly not between organisationswilling to network,
which is the case of the entities belonging to the innovation
ecosystems created in Europe around DIHs and/or EDIHs.
It is common for the results of collaboration to fall short
of expectations because the ability to obtain satisfactory
results depends on many factors that are not often taken into
account by organisations. Collaboration can confer organ-
isations mutual benefits by helping to bridge gaps through
shared effort. However, these potential advantages should
not divert our attention from the fact that collaboration does
not always work well, and certainly not in all contexts. Col-
laborative interaction processes can be misused. It is worth
remembering that the complexities involved in collaboration
may be used to promote certain vested interests. Actors with
resources and skills can use the legitimising power of collab-
orative initiatives to promote their own agendas. Therefore,
the first questions to ask at the beginning of every collabora-
tive practice are: What is the purpose of this collaboration?
Whose interests does it potentially serve? To a great extent,
the sustainability of a collaborative relationship depends on
the answer to these questions. Conduct in collaboration can
be determined by monitoring techniques, such as audits or
verifications of best practices, at a more qualitative level and,
crucially, by quantitative evaluation methodologies based
on accounting and statistics (Fadeeva, 2005). This is where
the herein proposed framework takes centre stage because
it enables these evaluation avenues by taking a quantitative
approach.

Conclusion

This article presents a conceptual framework that firstly
defines and structures the relational network of European

innovation ecosystems driven by the EC’s Digitise Euro-
pean Industry and Digital Europe Programme initiatives as a
whole. Secondly, it provides theoretical and conceptual sup-
port to the existing interaction processes horizontally along
their relationship levels and vertically between them from a
dual qualitative and quantitative perspective. The purpose of
this framework is twofold. On the one hand, the initial aim
is to bridge the gap in research into collaboration between
DIHs by providing a broader conceptualisation of the ele-
ments, structure, interrelationships and content making up
the materialised interactions between organisations in the
collaborative environment that exist in a network generated
from DIHs and/or EDIHs. On the other hand, the framework
must represent an effective lever for moving towards a model
for collaboration in this context. This research can contribute
significantly to develop advanced analysis and evaluation
tools in collaborative processes, which can provide a robust
response to interorganisational interaction problems. From
a previous and global definition of the pan-European space
of action of DIHs, on which its four levels of relationship
are delineated, the article begins by defining the main con-
cepts involved within the scope of this research work: (i)
the organisation types existing in the relational network of
European innovation ecosystems; (ii) the types of interac-
tion not aligned with the collaboration concept; (iii) the types
of interaction aligned with the collaboration concept. Like-
wise, the article indicates which definition of collaboration
is adopted as the first reference for research, whose authors
are Wankmüller and Reiner (2020): “Process of strategically
working together on a specific business activity where struc-
tures are aligned, communication channels are standardised,
risks are shared, and resources are pooled in order to make
them available for every partner”. Subsequently, the clas-
sification of the D-BEST model services by Sassanelli and
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Table 23 Summary table on the quantifications of asset flows (person × months)

Channel Origin–destination Staff categories Asset Subtotal Total

C K T I F

Channel 1 UPV → ITI MR 0.10 0.45 0.55 1.85

PoD 0.40 0.40

PrD 0.90 0.90

Channel 2 ITI → UPV MR 0.75

PoD 0.10 0.10

PrD 0.65 0.65

Channel 3 UPV → MULTISCAN MR 0.40 0.35 0.45 0.80 13.15

PoD 1.25 3.80 5.45

PrD 1.60 5.30 6.90

Channel 4 MULTISCAN → UPV M 0.10 0.10 0.05 0.15 6.30

ST 0.50 0.20 0.10 0.80

JT 1.20 0.05 1.35

SW 4.00 4.00

Channel 5 ITI → MULTISCAN MR 0.40 0.35 0.35 10.30

PoD 3.55 3.95

PrD 6.00 6.00

Channel 6 MULTISCAN → ITI M 0.10 0.05 0.15 5.70

ST 0.45 0.10 0.55

JT 1.20 1.20

SW 3.80 3.80

Fig. 16 Factors altering the
efficiency of collaboration
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Fig. 17 Components that make up transfer channel interoperability

Terzi (2022) is introduced, which in later sections is crucially
important to construct this framework, and the research scope
is delimited from the triple perspective of the environment,
D-BEST service, and interaction type. On this basis, accord-
ing to the review of the scientific literature that relates DIH
concepts and all the interaction types related to the collabo-
ration process, this research identifies, collects and performs
a thematic and content analysis of the 17 selected contri-
butions of the state of the art that is most aligned, partially
or totally, and directly or indirectly, with the purpose of the
framework. The literature review reaches three main conclu-
sions: (i) most of the selected articles address collaboration
between DIHs in a tangential manner; (ii) the research con-
tributions made to date consider the interaction processes
for collaboration to be an intangible element of management
that is difficult to perceive and, a priori, is not measurable;
and (iii) as far as we know from this review, there is still
no descriptive or conceptual framework, or a qualitative or
quantitative model, that deals with the conceptualisation of
the interaction processes of DIHs from the collaboration per-
spective within and between its four relationship levels. The
framework built on a bottom-up approach is presented below.
The conceptualisation path guided by this approach starts by
explaining the decomposition of the D-BEST services into
assets and types. From this decomposition, collaboration can
be conceptualised as an assets flow from ceding organisa-
tions to beneficiary organisations to alleviate any deficits in
the latter and to, thus, enable them to provide some specific
service types immediately or in the future. This abstraction,

which is called the IOATM, lies at the heart of the concep-
tual framework and the article for not only establishing the
precise origin, destination, channel and transferred asset, but
for also representing a theoretical means to quantitatively
assess the magnitude of collaboration, which is considered
themain contribution of this research. Subsequently, to effec-
tively show how this framework can be implemented in a real
situation, a use case that addresses collaborative processes in
the iAE6 application experiment of the DIH4CPS project
is presented as an example. To do so, all the steps to the
full characterisation and quantification of collaboration are
detailed. Finally, the contribution of the presented framework
is discussed on several fronts: (i) its suitability as a lever for
moving towards a strong collaborative model; (ii) its interop-
erability implications; (iii) its sustainability repercussions.

This approach provides answers to the formulated
research questions. The main characteristic to define the
interactions that take place between the entities making up
the relational DIHs network when collaboration processes
materialise between them is the possibility of decomposi-
tion into the origin, destination, channel and transferred asset
involved in the assets flow of the analysed collaboration,
which provides an answer to research question RQ1. From
this perspective, both the assets flowand the transfer channels
can be considered the twokey dimensions in the collaborative
interaction processes and the elements that most shape the
quantitative assessment of collaboration, dimensions around
which the other elements of the proposed framework are
positioned: the services catalogue, the levels of relationship
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involved and the collaborative interaction types, which do
not essentially shape, but condition, the assessment. This
approach provides an answer to research question RQ2 for-
mulated in the introduction of this article. In the end, the
presented framework is discussed on three cardinal fronts:
(i) its aptitude as a lever to move towards a collaboration
model; (ii) its connotations in interoperability terms; (iii) how
it relates to sustainability.

The implications of this framework are substantial. In the
academic sphere, it bridges the research gap detected on the
analysed topic, and not only contributes a new perspective on
collaborative processes in the innovation ecosystems gener-
ated byDIHs and/or EDIHs, but also establishes themeaning
and interrelationships of the conceptsmaking up its ontology.
It provides a nuance that allows quantification, and serves
as a lever to model a research object in clear progression,
such as collaboration. As for managerial implications, the
main one to highlight is that the approach offered by IOATM
constitutes the first piece of a future model that will enable
dealings with the accounting of collaboration in its multiple
facets and, therefore, will turn it into a more tangible and
controllable management element. However, it is also worth
noting that, in addition, this framework can already consti-
tute a roadmap that helps practitioners to guide their efforts
to improve the efficiency of collaborative processes with an
approach that pursues objectivity, plus the maximisation of
synergies between collaborative entities.

Despite its strengths, the framework presents some limita-
tions that should be outlined here: (i) the D-BEST reference
model is specifically oriented to DIHs and, by extrapolation,
can work in EDIHs or in organisations that integrate inno-
vation ecosystems in general, such as service providers or
end users. Beyond this collaboration scope, the service cata-
logues and the asset typology may vary that, in turn, implies
that the presented framework lacks validity; (ii) it does not
offer a plane frame of uniform application for all types of col-
laboration, but shows variations in interpretation depending
on whether interactions are cooperation, coopetition, coordi-
nation, etc.; (iii) in multiple collaboration schemes involving
more than two organisations, when the transferor organ-
isation simultaneously transfers assets to several receiver
organisations, it is not always easy to precisely delimit the
assets transferred to each one, especially when intangible
assets like competences or knowledge are involved, which
implies further effort to specify flows and their direction
from their origin through the corresponding mapping. Some-
thing similar happens in collaborative processes with several
transferor organisations that simultaneously interact with a
receiver organisation, which requires additional efforts to
delimit asset transfers, this time in the destination.

This research leaves several open doors that can guide
future research on the topic under study: (i) the most obvious

one is to advance towards modelling the collaborative inter-
action processes of DIHs and its validation through empirical
methods, such as complete case studies or surveys; (ii) in such
modelling, it would be very useful to face the challenge posed
by the evaluation of the factors that may alter the efficiency
of collaboration, such as harnessing degree of collaboration
in the receiving entity, asset transfer efficiency depending on
the degree of interoperability that exists through the trans-
fer channel, or efficiency of the transfer drive exercised by
the transferor entity; (iii) with a view to collaboration sus-
tainability, it also seems appropriate to study in more detail
how to monitor and evaluate the behaviours exercised dur-
ing collaboration processes to avoid misuse, but to mitigate
undesired effects on its efficiency.
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