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Abstract

The European Digital Innovation Hub (EDIH) network represents the EU’s first pro-
gram for accelerating digital technology adoption by SMEs and public organizations.
However, academic literature on EDIHs remains fragmented with notable sectoral
imbalances—particularly underrepresentation of the agri-food sector. This scoping re-
view systematically examines existing EDIH publications to identify knowledge gaps and
propose a research agenda. Searches were conducted in Web of Science, Google Scholar, and
MDPI databases (Jan-May 2025), complemented by snowballing techniques, identifying
84 publications categorized by methodology, interaction levels, and sectoral relevance. Re-
sults reveal uneven distribution across four EDIH interaction levels, with ecosystem-level
research dominating while internal dynamics and European network-level coordination
remain understudied. Only 1.7% of EDIH beneficiaries receiving services by September
2024 originate from agriculture, confirming the sector’s marginal participation. Most con-
tributions lack empirical validation, relying on theoretical frameworks or isolated case
studies with limited geographic scope. As the first comprehensive review addressing
EDIHs in agri-food contexts, this study provides timely insights at the end of the first EDIH
implementation cycle and outlines priorities for future research to support equitable and
evidence-based digital transformation.

Keywords: agriculture; agro-food; agri-food; digitalization; digital transformation

1. Introduction

At the global level, the penetration of digitalization across all economic sectors is
driving significant increases in competitiveness, efficiency, and productivity, which in turn
intensifies the global race among economies to digitalize as rapidly as possible. In this
context of the urgent need to accelerate the digital transformation of the European economy,
the European Commission (EC), through the Directorate-General for Communications
Networks, Content and Technology (DG CNNECT), launched the first Digital Europe Pro-
gramme (DEP) for the 2021-2027 programming period. One of the five strategic priorities
of this programme is to support the digital transformation of European economies and
societies—alongside their key economic sectors—through the establishment of a European
Network of Digital Innovation Hubs (ENDIHs).

The agri-food sector in Europe (encompassing agriculture, food processing, distribu-
tion, and retail) is a major pillar of the EU economy, generating significant value added
and export revenues. Although primary agriculture accounts for only ~3-5% of the EU
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workforce, the broader agri-food value chain supports many more jobs beyond the farm
gate (up to 15% of the total workforce) (see Table 1 below). While the services sector
employs the largest share of the EU workforce, the agri-food sector’s strategic importance
is disproportionately high—due to its role in food security, rural vitality, and sustainable
development [1,2].

Table 1. The European agri-food sector (number of firms, number of employees expressed in millions
of euros and as a percentage of total EU employees [197.6 million, 2024], and value added per stage
of the value chain, expressed in EUR) [3].

Processing of Marketing of
Agriculture Agri-Food Products Agri-Food Products Food 2 nd Be.ve‘r.a B¢
and Beverages and Beverages Service Activities
(Wholesale and Retail)
No. of companies (mil) 9.1 0.3 1.1 1.6
. o 4.7 mil 8.5 mil 8.4 mil
Employees 8.7 mil (~4.4%) (~2.3%) (~4.3%) (~4.2%)
Value Added 218.1 265.9 3265 180.7

(billions of euros)

From the outset, DG CNNECT emphasized the importance of ensuring a critical
mass of EDIHs dedicated to supporting the digitalization of the agri-food sector. The
initial call for proposals explicitly required that at least one EDIH per MS be specialized in
this domain.

Following the first two calls for proposals launched between 2021 and 2022—coordinated
jointly by the MS and DG CNNECT—a total of 168 EDIHs were selected across the EU 27
and DEP Associated Countries to collaborate in achieving this objective. These hubs receive
50% of their funding from the DEP and 50% from the respective national governments. In
addition to these, another 86 hubs were accepted into the network on the basis of the Seal
of Excellence, which recognized their high-quality proposals, but are fully financed at the
national level. Thus, as of May 2025, the ENDIH comprised 254 EDIHs, operating for an
initial period of three years, with most scheduled to conclude activities by early 2026—after
which new calls for continuation will be launched.

According to the official EDIH catalog (January 2025), there are 93 EDIHSs across
Europe that serve the agri-food sector, representing approximately 36% of all EDIHs active
during the 2023-2025 period. However, only 12 of these hubs (roughly 5%) are exclusively
dedicated to the agri-food sector, while the remaining 81 operate in multiple economic
sectors, including agri-food.

Despite the sector’s recognized strategic importance, intermediary implementation
data (up until the 20 of September 2024), provided by the Joint Research Centre (JRC)
based on data from the compulsory Digital Maturity Assessment (DMA) audits that SMEs
fill in in order to measure their progress on the digitalization scale [4], reveal that the
agricultural sub-segment of the agri-food sector remains underrepresented among EDIH
beneficiaries. Specifically, only 1.7% of all EDIH service beneficiaries at the time came
from agriculture (NACE codes 01), while just 1% originated from the restaurant and food
service industries (NACE codes 55 and 56) (See Figure 1 below). Furthermore, beneficiaries
from the agricultural segment had the lowest digital maturity level out of all the economic
sectors. While no disaggregated data is available regarding SMEs from the manufacturing
of food products (NACE code 10), which fall under the Manufacturing sector (with the
highest percentage of beneficiary SMEs receiving EDIH services, 28%), these interim results
from the first implementation cycle of the EDIH program suggest a tangible risk that
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the overall agri-food sector may fall behind in leveraging digitalization as a driver for
enhanced competitiveness.
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Figure 1. Number of beneficiaries per economic sector—taken from Carpentier et al. [4], with
permission for re-use granted by a Creative Commons Attribution 4.0 International (CC BY 4.0)
license (https://creativecommons.org/licenses /by /4.0/).

Furthermore, despite the breadth of ENDIH and the ambitions of the DEP, the aca-
demic literature on the topic remains relatively limited. The thorough bibliographic review
conducted through the current paper by mid-2025 identified just around 84 academic
articles, scientific communications, and reports published on EDIHs to date.

It is also apparent that existing literature on EDIHs originates primarily from the fields
of manufacturing and production, frequently referring to case studies involving EDIHs
operating in robotics or Industry 4.0. According to Serrano-Ruiz et al. [5], this reflects real
structural imbalances within the ENDIH, notably the visible underrepresentation of the
agri-food sector, with certain industries being significantly more advanced in their digital
transformation than others.

1.1. Short History of the Development of the ENDIH

The EDIHs have evolved as a concept over the last two programming periods of the
European Commission, developing from a simple idea within the strategic documents
presented in 2015 to a large ENDIH operating in around 60% of EU regions in 2025, with
the help of several European programs [6].

The premises of the DIH concept were set by the EC, in the context of the Digital Single
Market strategy, which was launched in 2015, within the programming period 2014-2021.
Moreover, during the period 20142020, the EC invested EUR 500 million in projects under
the Horizon 2020 program dedicated to the development of DIHs. These investments
helped to develop the concept through pilot projects of DIH services together with bene-
ficiaries through “cascade funding”, mentoring between DIHs of different maturity, the
development of thematic networks, and the publication of the first scientific articles on
the subject.

In 2017, at the Open Innovation 2.0 Conference organized by the European Com-
mission, DG CNECT in Cluj-Napoca, Romania, the initial plans for the creation and
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development of an ENDIH were presented. In the summer of the same year, two processes
were launched by the European Commission to identify potential DIHs: one “bottom-up”
through the Futurium project, and the other “top-down” by contracting a consulting firm
to undertake desk research. Thus, in the fall of 2017, simultaneously with the launch of the
first JRC report on the DIH concept, the first version of the JRC catalog of DIHs was pub-
lished. Although data from that version of the catalog is no longer available, Gavkalova [7]
mentions that an investigation of the S3 platform in 2022 revealed 656 DIHs, of which
572 were fully operational or in preparation. DIHs at this stage were meta-organizations
(mere associations of partners) conducting pilot projects or voluntary work aligned with
the overall concept.

In the 20212027 programming period, DIHs became a public policy instrument, and
the development of an ENDIH became a key priority of DEP—the first program exclusively
dedicated to digitalization developed by the EC. Thus, in 2020, the first calls for selection of
DIHs for the ENDIH were organized at the level of the MS. Then, in January 2021, the first
concept paper offered by the DG CNNECT of the EC on EDIHs was published (but in draft
format). It provides the best descriptions to date of the main concrete elements that define
the work of the EDIHs. The final version of the funding guide and the strategic documents
of DEP (2021-2027), published with the launch of the second round of EDIH selection in
November 2021, provides clarifications on the conditions for accessing European funding.
The results of the first two rounds of selection of the DIHs that would be part of ENDIH
were announced in June 2022, and the first round of 254 EDIH projects was approved for
a period of 3 years up until the beginning of 2026. After this first implementation period,
consortia can reapply through another round of calls for a second implementation period
of 3 years. Support for the ENDIH and its networking and capacity-building activities is
provided by the Digital Transformation Accelerator (DTA).

Overall, the concept of a DIH has evolved over the past two programming periods,
but around the same concept of a one-stop-shop hub supporting the digital transformation
of SMEs across Europe with four main categories of services (Test before Invest, Access to
Finance, Access to Skills, and Innovation Ecosystem Support). DIHs have been conceived
to have a strong territorial component, responding to regional needs, but at the same time,
they were envisaged to also collaborate at a European level in various forms (through
service exchange, mentoring, networking, corridors, and other mechanisms). While in the
first programming period, when many informal DIHs were created and participated in
service piloting and other support activities, the concept was more fluid and still open to
experimentation (for example, leaving room for discussion about other services than the
core four services presented above), with the second programming period and the coining
of the term EDIH, the concept becomes more formal, depicting a DIH that has passed
the evaluation process of the EC, follows EC rules, and is now part of the select ENDIH
network actually implementing the program mission.

In spite of these distinctions, many actors to date still use the terms DIH and EDIH
interchangeably, even when referring to EDIHs. For the purposes of the current review, the
authors will generally refer to EDIHSs, as these reflect the current situation, but within the
literature review, the term used within each of the academic works cited will be used to
maintain consistency with the original work.

1.2. Research Aim and Contribution to the Literature

In a context marked by a limited number of publications on the topic of EDIHs, a clear
underrepresentation of the literature focused on the agri-food sector, as well as preliminary
data indicating that beneficiaries from the agri-food sector are similarly underrepresented
among those who have accessed EDIH services by autumn 2024, this study aims to produce
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a thorough scoping review of all existing publications related to EDIHs and the agri-food
sector, with the objective of mapping existing gaps in the literature and proposing a research
agenda to address them.

This study brings novelty to the field, as there is currently no thorough review of
publications focused on EDIHSs operating in the agri-food sector within the framework of
the European Commission’s most important digitalization program. Moreover, a deeper
understanding of the existing knowledge and gaps in the implementation of this program
in the agri-food sector may contribute to improving its effectiveness and, ultimately, to
achieving its ambition of increasing the adoption of digital technologies across all economic
sectors [8,9].

Finally, this article aims to provide timely insights at a pivotal moment—coinciding
with the conclusion of the initial three-year cycle of the first cohort of EDIHs. By offering a
structured overview of the current state of knowledge, it supports researchers and policy-
makers in more closely tracking the implementation of the program and in formulating
evidence-based recommendations for its continuous improvement in future phases.

2. Materials and Methods

A qualitative bibliographic research method was selected over a bibliometric approach
due to the emergent nature of the research topic of EDIHs, which has only recently begun to
gain academic attention, with publications dating back to 2018 and around 84 publications
available as of mid-May 2025. Furthermore, this method presents several advantages: it
allows for the development of new conceptual frameworks, enables in-depth analysis of
the research questions, and supports the nuanced examination of related sub-concepts.
Furthermore, although this review followed systematic search and screening procedures,
its scope and objectives align more closely with the scoping review methodology, as it aims
to map the breadth of available knowledge on EDIHs and identify research gaps rather
than evaluate intervention effects [10].

2.1. Study Selection

The PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) Extension Protocol for Scoping Reviews [11] was used retroactively to provide
more clarity and structure on the work conducted. The complementary checklist is avail-
able in Supplementary Material. A review protocol was created and registered with the
Protocols.io (https:/ /www.protocols.io/view/european-digital-innovation-hubs-and-the-
agri-food-5jyl88xg8I12w (accessed on 10 October 2025)). Please see the PRISMA-ScR dia-
grams in Appendix C for article counts per database and literature review phase. These
reflect, by and large, the proportional contribution of each database, but may be prone to
a degree of error due to the reconstruction of the distribution of articles per database in
October 2025 using the same keywords and filters. In spite of maintaining rigor, the exact
count may differ upon a re-run of the search (especially with Google Scholar), as search
engines might render different results due to other technical factors (e.g., Cookies).

The four distinct stages accurately describe the thorough process employed in order
to thoroughly investigate all literature relevant to the research questions (to identify both
agricultural and non-agricultural EDIH knowledge).

Phase 1: Identification. The scoping review was conducted in parallel across several
interconnected academic databases (information sources), following a consistent methodol-
ogy. Searches were conducted in the period of January-May 2025 across the MDPI database,
the Web of Science indexing database, and the Google Scholar search engine. In a few
isolated cases, the full text of the articles was obtained from the researchers’ profiles on Re-
search Gate. The search terms were chosen broadly yet clearly, in order to enable producing
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a thorough scoping review of all existing publications related to EDIHs and the agri-food
sector. The Boolean strings used were “DIGITAL INNOVATION HUB” or “DIGITAL
INNOVATION HUB”, AND “AGRICULTURE”. These were applied in stages for each
database, in order to identify both the agri-food and non-agri-food literature related to
EDIHs. First, the title and abstracts of works were scanned for the relevant keywords, and
when the keywords were identified, the full article was downloaded and read as well if it
was available.

In spite of institutional constraints regarding access to other databases, the process
was complemented by a snowballing technique, implying both forward and backward
citation tracking on all included studies, with saturation-based stopping in order to provide
assurance of comprehensive coverage in spite of our institutional constraints. This system-
atically identified additional sources across multiple databases and repositories, including
papers indexed in Scopus and IEEE Xplore that were cited in or citing our initial results.

Phase 2: Screening: The eligibility criteria employed were chosen broadly, in order to
enable producing a thorough scoping review of all existing publications related to EDIHs
and the agri-food sector, Publications addressing the DIH and EDIH concepts—whether
explicitly referenced in abstracts or substantively developed within the body of the
work—were included, employing the European Commission’s definitions established
since the term’s introduction in 2015. Publications mentioning the DIH concept in the title
but with abstract content that referred exclusively to other topics and where topic relevance
could not be verified through a full-text article were not included. Most types of published
academic works were included within the scope of the study (meaning academic articles,
conference papers, book chapters, and Ph.D. theses—see Appendix A), with the exception
of master theses, letters, conference presentations, working papers, and editorials. Other
non-academic but official data sources included were reports of the EC’s JRC on EDIHs, as
these included case studies, theoretical frameworks for EDIHs, notes of enabling conditions,
and implementation data that were offered as examples of good practices by EC officials
and provided additional insights relevant to the scope of the review. No other reports
were included within the scope of the study. At times, DOI numbers were not available;
therefore, website links were provided when possible.

Phase 3: Eligibility: Published works referring to “digital innovation hubs” from
regions other than the European Union were excluded from the research (e.g., digital inno-
vation hubs from South Africa, Africa, New Zealand, Latin America, Asia, etc.). Although
the EC launched or is intending to launch some calls for EDIHs in other Associated Coun-
tries of the DEP (e.g., Moldova, Balkans, Ukraine), the few publications identified on these
topics were not considered as part of the study as the conditions for those calls differed.
Furthermore, even within the European context, publications about any other type of
innovation or digital hubs, clusters, associations, or groups other than the DIHs supported
by the EC through all its programs (DEP, Horizon 2020, or in one instance even Interreg)
were excluded from the current study. It is noteworthy to mention that publications dealing
with digital innovation in the context of the Smart Villages concept were not included, even
if similar in goal to EDIHs. Articles on other topics that only mentioned the EDIHs in very
isolated instances (as one of many examples within broader literature research on another
topic or as references) were also excluded. No limitations were placed on the disciplines of
the selected articles, and no exclusion criteria were formulated for the research quality of
the papers.

Phase 4: Inclusion: As a result of this process, 84 papers met the criteria for inclusion
in the final selection of articles for both abstract and in-depth analysis. These included
publications explicitly referring to the concepts of DIH or EDIH (as defined by the EC since
2015) in the title, abstract, or main text, published in peer-reviewed journals, conference
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papers, book chapters, and doctoral theses, as well as reports on the topic published by the
JRC. No restrictions were applied regarding disciplinary field, methodological approach,
or publication year.

2.2. Data Extraction

Full texts were downloaded when available, while abstracts were used for non-open
access articles in the analysis. A total of 84 academic papers were collected during this
stage and processed by the leading authors in the period between mid-May 2025 and the
end of August 2025. A full master list of all sources included in the synthesis, including
publication year, authors, source type, and sectoral relevance, is provided in Appendix A
(Table A1). This list ensures traceability of the literature base underpinning the synthesis.
For referencing, Zotero was used.

For coding, a table was created including all the works, including data such as title,
authors, publishing year and type of academic work, and abstract of the paper,

Data were extracted into a table and chaterd according to the main analytical themes
identified in literature author, year, level of EDIH interraction (according to Serrano-Ruiz [5]
framework), method, sector, and main topic (see below more details). Due to the exploratory
nature of the review, the charting process focused on identifying major conceptual and
methodological trends rather than exhaustive quantitative coding. Information was sum-
marized narratively across major themes (e.g., governance, funding, digital maturity) (see
Appendix C—Table A6). Bellow a detailed account of the coding process followed:

e Chronologically organized in order to assess alignment between their publication
date and key stages in the development of EDIHs. Articles from the period 2018-2023
when DIHs were developed through the Horizon research and innovation program,
when the concept and EDIH approaches were piloted, and methodologies for EDIH
development and services were discussed for their contributions to the testing of
theories, frameworks, methodologies, ontologies, and case studies, with the note that
conclusions were often conceptual, optimistic, lacking extensive empirical grounding
and needing revalidation (see Section 4). However, empirical articles based on the S3P
database of DIHs and surveys of DIHs existing at the time were marked as outdated, as
they relied on the original DIH concepts and flexibility in terms of service definitions,
dating back to a period before the first official DEP financing call when many more
DIHs existed and did not necessarily respect the rigors set by the EDIH financing calls.
Articles published between 2024 and 2025 were considered most relevant in terms of
their empirical results, as they coincided with the first implementation phase of the
EDIH initiative and could draw on Digital Europe Programme implementation results.

e Categorized and coded based on their methodological orientation (e.g., methodologi-
cal contributions, formal instruments and ontologies, case studies, large-scale surveys
or empirical studies, and policy analyses), their sources (whether they were clearly
produced as part of a Horizon 2020 or Horizon Europe project) and the levels of inter-
action of the EDIH that represented the scope of their empirical analysis, following
a categorization taken from Serrano-Ruiz et al. [5] (e.g., internal EDIH level, EDIH
ecosystem, supra-national, or pan-European ecosystems) in order to enable a more
structured discussion (see Appendix B—Coding Manual). When the information
provided in the abstract was not sufficient to extract clearer conclusions about the
results or methods used, the full article was analyzed. This was, however, not possible
for all identified articles (see published works in italics from Appendix A).

e Filtered by sectoral relevance, such that studies focusing on technical or sector-
specific aspects of EDIH implementation within the manufacturing sector were briefly
discussed, particularly regarding cross-sectoral insights that could be applicable to
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EDIHs as a whole or even to the agri-food domain, and articles related to EDIHs and
the agri-food sector were coded and analyzed separately.

After Section 3 on results was finalized, Artificial Intelligence Large Language Model
(LLM) Claude Sonnet 4.0 was used for summarizing the main results in the Section 4,
with the exception of Section 4.3, a discussion regarding the main themes of the agri-food
literature, which was written entirely by the researcher. This was done in order to aid
in extracting the main emerging patterns from the large body of results and in order to
summarize the research agenda presented in Section 4 based on the research gaps identified.
Details of the prompting strategy used, as well as an appraisal of the approach’s strengths
and weaknesses, are presented in detail in Appendix D.

In spite of the general tendency of LLMs to sometimes conflate similar themes and
oversimplify nuanced distinctions, the high-quality results, indicated by the sharp discus-
sion sections that resulted, show that LLMs such as Claude Sonnet 4.0 can serve as safe and
useful tools for synthesizing extensive results from literature reviews, particularly when
the underlying data has been carefully coded and organized by the researcher. LLMs excel
at identifying patterns, generating thematic summaries, and drawing cross-cutting conclu-
sions from structured qualitative data without introducing novel interpretations beyond
what the source material contains. When these verification procedures are systematically
applied, LLM-assisted synthesis becomes a transparent and auditable component of the
analytical process, enhancing efficiency while maintaining research rigor and integrity.

3. Results

Despite the scale of the European EDIH network and the ambitions of DEP, the
academic literature contains relatively few contributions dedicated to the study of EDIHs,
but with perspectives for future development, as 2024 marked the year with the greatest
number of publications to date (see Figure 2 below). This gap has also been noted by
Serrano-Ruiz et al. [5], who conducted the most extensive bibliographic study to date
on this topic. Their analysis reveals that a search in the Scopus database identified only
17 relevant articles published between 2018 and 2022.

No. of publications about EDIH per year

2024 2023 2022 2021 2020 2019 2018

Figure 2. Publication timelines—No. of publications about EDIH (author’s own elaboration based on
identified literature).

At a general level, the academic literature on EDIHs is rapidly evolving, with a themati-
cally diverse structure and the potential for transversal applicability of research conclusions
across multiple sectors. The articles published to date provide a useful foundation for
further research and can be broadly categorized into four main types: methodological con-
tributions, conceptual framework development, case studies, and policy analyses. Among
these, case studies are by far the most frequent, often closely linked to the development of
theoretical and conceptual understandings of the different levels at which EDIHs operate
and collaborate.
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In this regard, the work of Serrano-Ruiz et al. [5] offers the most comprehensive
synthesis of academic contributions related to collaboration among DIHs. Their study
presents a concise and structured overview of four distinct levels of interaction within the
relational network of DIHs as developed within the geographic context of the European
Union (see Figure 3 below):

1.  The DIH level, which refers to the internal dynamics among consortium members of
a single DIH, who typically collaborate at the regional level;

2. The DIH ecosystem level, which encompasses external actors interacting with the
hub at the regional scale—namely, beneficiaries, technology providers, and other
stakeholders active in innovation, knowledge, and technology ecosystems;

3. The EDIH level, which includes sets of DIHs engaged in European networking or
service-exchange activities, enabling inter-hub collaboration across broader ecosys-
tems that extend beyond national borders (e.g., thematic EU EDIH ecosystems or
involving several MSs);

4. The EDIH network level (ENDI), comprising the entire network and facilitating
interactions among multiple informal groups of EDIHs, while also representing their
collective interests in administrative and societal spheres.

Level 4: EDIH Network
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Figure 3. Relationship levels within the pan-European space of DIHs action—taken from Serrano-
Ruiz [5], used with permission from the authors. Available online https://link.springer.com/article/
10.1007 /s10845-024-02322-5/figures /1 (accessed on 1 September 2025).

Interactions across this multi-level network are shaped by a wide array of factors,
including the interests, strategies, and willingness of actors to engage in collaboration,
as well as institutional variables such as funding availability, relevant legislation, and
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governmental or administrative support influencing the implementation of the Digital
Europe Programme.

Although the framework of Serrano-Ruiz et al. [5] builds a complex conceptual
framework grounded the levels described above, which is in turn further supported by
the Data-based Business—Ecosystem-Skills-Technology (D-BEST) model introduced by
Sassanelli and Terzi [12] (developed through the Horizon 2020 project HUBCAP; see
Section 3.1.3 below), which is the most fully developed and most cited frameworks for
understanding EDIH cooperation, the current scoping review will not be using any other el-
ements of the mentioned conceptual models. For the purposes of the present bibliographic
study, we will apply the four levels of interaction synthesized by Serrano-Ruiz et al. [5]
as an analytical framework to assess the level at which each academic contribution to the
EDIH literature is situated, as well as to explore the thematic focus and limitations of the
existing body of research. To operationalize the four-level conceptual framework from
Serrano-Ruiz et al. [5], we developed explicit coding rules defining objective criteria for
assigning each source (Appendix B).

The following literature review is divided into two parts—the first reviews articles
regarding sectors other than agriculture, while the second reviews those about agriculture.

3.1. Literature Review of Papers Not Related to Agri-Food
3.1.1. The DIH Level (Internal)

Research on EDIH internal dynamics remains limited, addressing methodological
frameworks, organizational structures, and collaborative mechanisms. The foundational
work by Kalpaka et al. [13] offers the most comprehensive internal guidance, outlining a
seven-step DIH development methodology that spans regional needs assessment, business
model design, partnerships, and impact evaluation. This JRC report serves as an operational
blueprint, emphasizing the importance of understanding local contexts and regional assets
before establishing DIH structures.

A significant share of research originates from Georgescu’s contributions, which
explore associative and organizational dimensions of DIHs [14]. Their bibliographic anal-
ysis [15] identified a persistent gap in the literature concerning digital ecosystems and
innovation hubs, while a subsequent multivariate empirical study [16] revealed an under-
representation of marketing services within DIH portfolios based on S3P data. Georgescu
and Avasilcai [17] provide updated insights into Romanian EDIH structures and actor
relationships, highlighting national-level coordination challenges. Complementary per-
spectives include Hadjimitsis et al. [18], who describe the development of the EcoE DIH
in Cyprus as an extension of a regional center of excellence, leveraging existing capacities
to establish a world-class hub across five application areas. Maurer [19] contributes an
ontology of innovation actors from Vorarlberg, Austria, illustrating DIHs as service systems
that co-create value among consortium partners, though this study predates the current
EDIH network. Olszewski and Pawlewski [20] offer a critical analysis of the advantages
and drawbacks of positioning research entities at the core of DIH ecosystems and the need
for transversal stakeholder involvement in R&D projects.

Regarding open innovation and co-creation strategies, Sotirofski and Kraja [21] discuss
the positive effects of EDIHs on business and marketing collaboration, an idea echoed
by Georgescu et al. [22] and Maurer [18]. Jovanovic et al. [23] present ten healthcare
robotics case studies developed through the DIH-HERO project’s COVID-19 response,
demonstrating the flexibility of DIH service portfolios. Recent examples include Myllymaki
and Hakala [24] on the activities of Robocoast EDIH, and Sassanelli et al. [25] on Ce-
DIH’s innovation ecosystem, which applies a systemic, circular-economy perspective to
digitalization through diverse consortium competences.
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Collectively, these works emphasize three recurring themes: the need for method-
ological guidance in EDIH establishment, the centrality of associative structures for dig-
ital transformation, and the underexplored potential of collaborative and marketing-
oriented services.

3.1.2. The DIH Ecosystem Level (External)

This is the most studied level of interaction of EDIHSs, with the most articles, per-
haps because the regional ecosystem represents the fundamental operating embedding of
EDIHs. Research on EDIH ecosystem development reveals several interconnected streams
that manifest at a regional level: ecosystem design principles, beneficiary analysis, theo-
retical models, ontologies and practice-led methodologies, sustainability factors, policy
environment, and an EDIH’s role as knowledge broker and intermediary.

For ecosystem building and understanding, Doyle and Cosgrove [26] study the
interaction of an SME with a DIH by looking at the introduction of a digital technology by
the manufacturing SME through an EU experiment. Lanz et al. [27,28] offer sector-specific
perspectives through their TRINITY project analysis in robotics, demonstrating practical
ecosystem-building approaches within specialized technological domains. Vakirayi and
Belle [29] explore DIHs in various socio-economic contexts and spark a debate about ways
of measuring their actual impact on their ecosystem.

Beneficiary-focused research represents a particularly active area, reflecting practition-
ers’ recognition that understanding user needs is critical for EDIH success. The following
studies, emerging primarily during the first EDIH implementation period (2023-2025),
provide comprehensive insights across multiple dimensions. Haukipuro et al. [30] provide
foundational insights through Finnish case studies that identify good practices for research
and innovation hub development within the regional ecosystem. Ogrean et al. [31] deliver
the most detailed cross-sectoral analysis, examining Romanian SMEs and public organiza-
tions to reveal how sector-specific characteristics create diverse digitalization challenges,
from internal resistance to fragmented implementation efforts. Meanwhile, Khan et al. [32]
and Khanelloupoulou et al. [33] focus specifically on Al adoption maturity, with Finnish
and Greek case studies, respectively, showing that most SMEs remain in early adoption
stages, struggling with technical knowledge gaps and strategic development challenges.
The multi-country perspective provided by Tanhua et al. [34] broadens this understanding,
surveying six EU countries to confirm that digitalization is progressing, though unevenly,
with only 20-26% of companies achieving “analytics as business vision” status. Overall, we
note diversity in the scale, geographical areas, types of ecosystems, and beneficiary profiles
captured by each article, ranging from collaboration processes, to needs and composition of
the ecosystem, to the level of digital maturity and barriers to adopting specific technologies.

Specific service and sector methodologies, formal tools and ontologies, and practi-
tioner methodological contributions constitute the dominant category of articles, devel-
oped through both Horizon 2020 project case studies during EDIH preparation phases and
practical implementation within operating EDIHs.

Sector-specific approaches and service-specific tools also feature prominently, with
Cotrino et al. [35] developing a manufacturing-focused Industry 4.0 platform featuring
four integrated modules (hub, strategy, community, and collaboration) for SME technology
transfer. In contrast, the work of Sarippa et al. [36] stands out as the only contribution
addressing EDIH service delivery specifically, proposing a flexible learning framework
for skills development and technology transfer that acknowledges the notorious digital
skills deficit in agri-food and other sectors. Nazarenko et al. [37] showcase a brief case
study of a DIH that developed three comprehensive Al training programs for industry
growth. In terms of service benchmarking approaches, Rudawska [38] conducts a bench-
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marking of the services of a DIH case study (DIH4Industry) in order to assess whether
these meet the one-stop-shop model, while Babo et al. [39] conduct a benchmarking of
several tools for measuring the digital maturity of companies, including the DMA ser-
vice of the EDIHs. Recent developments include Carolis et al.’s [40] DREAMY model for
multidimensional digital maturity assessment, representing an evolution toward more
sophisticated evaluation frameworks.

The formal tools and ontological development literature focuses on standardization
and interoperability frameworks for EDIH networks. The DIH4CPS project anchors this
theoretical stream, with Semerano et al. [41] developing ontological models for measuring
EDIH and partner network maturity levels, emphasizing collaboration as the fundamental
success factor. Feltus et al. [42] advance this approach through multidimensional models
that integrate networks, skills, and partnerships, providing standardization foundations for
knowledge management and enabling interoperability across the broader EDIH ecosystem.

Practitioner methodological contributions emerge from operational EDIHs docu-
menting real-world implementation experiences and methodologies. The Greek ahedd DIH
leads this empirical stream through Khanelloupoulou et al.’s [43] comprehensive work,
presenting the “APSS” methodology (Awareness, Piloting, Scaling, Sustainability) as a
practical four-phase framework for Al-driven organizational transformations, while listing
key success factors for the sustainability of Al adoption, mentioning that Smart Attica
EDIH’s methodologies were adopted by the Greek government itself [44]. Rajkovic [45]
contributes marine sector perspectives from InnovaMare EDIH, identifying cross-sectoral
collaboration within an innovation ecosystem as essential for sustainable ecosystem devel-
opment. Gaiani and Ala-Karvia [46] provide a Finnish perspective through their analysis
of the Arctic Development Environments Cluster, though their findings remain limited to
ecosystem animation efforts without concrete measurable outcomes.

The conceptualization of EDIHs as “knowledge brokers” represents a significant
theoretical advancement in understanding their role beyond mere technical facilitation.
Crupi et al. [47] pioneered this perspective through empirical research with Italian DIHs,
demonstrating that these organizations not only disseminate existing digital transformation
knowledge but also actively generate new insights through their intermediary activities.
Zamiri et al. [48] complement this understanding by examining how dynamic research
and collaboration networks enhance knowledge creation and management, highlighting
the specific contributions of living labs and DIHs in establishing new research domains
and project initiatives. A further study by Zamiri et al. [49] proposes DIHs as enhancers of
mass collaborative learning communities through their services and facilities, based on a
study of four EU projects. Marinelli et al. [50] conduct an exploratory research design and
action research methodology in order to uncover the dimensions of a regional knowledge
ecosystem guided by a DIH supporting SMEs towards the adoption of the “Digital Artisan
platform” deriving from an Industry 4.0 project.

The intermediation function receives more sophisticated treatment in recent con-
tributions. Jurci¢ and Strahonja [51] advance the field by modeling EDIHs as strategic
value delivery intermediaries between research and industry, based on an earlier concep-
tual analysis of DIHs as value delivery systems [52], emphasizing how contextual factors
including public policies, geographic proximity, and regional digitalization levels influ-
ence their effectiveness. Their value delivery system concept positions EDIHs as strategic
regional innovation actors rather than passive technical facilitators. Lepore et al. [53]
validate the finding that DIHs are innovation intermediaries and apply this lens to the
development of inclusive smart city ecosystems by conducting desk research on 48 DIHs
specialized in this topic. The paper suggests a framework for boosting their functions as
transformation leaders, knowledge brokers, and technical mediators to facilitate the use of
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Industry 4.0 technologies for building inclusive smart cities. Through a multiple-case-study
approach, research by Spiegarelli et al. [54] investigates how innovation intermediaries
such as DIHs are able to unlock the collaborative potential of blockchain technologies
for SMEs so as to enhance their environmental sustainability. The authors also propose a
roadmap aimed at improving collaboration within a DIH’s ecosystem, one outlining three
essential functions: enabling, core, and facilitating effective partnerships and innovation
processes. Colovic et al. [55] provide a comprehensive analysis through their study of
18 French digital innovation intermediaries, identifying three core institutional activities:
disrupting existing symbolic systems, creating new relational systems and artifacts, and
establishing and maintaining operational routines across different intermediation levels.

Research on EDIH sustainability factors emphasizes the critical importance of
value proposition clarity and stakeholder engagement. Sassanelli and Terzi [56] and
Sarippa et al. [33] converge on the premise that sustainable EDIH networks require clear
value propositions and effective private sector partner attraction and retention, proposing
adapted tools like the Value Proposition Canvas and Business Environment Canvas for
innovation networks. Zamiri [57] contributes a five-dimensional conceptual framework
for establishing sustainable DIHs based on comprehensive needs and goals analysis, while
Dalmarco et al. [58] challenge one-size-fits-all approaches through their analysis of over
300 DIHs across three initiatives, demonstrating that regional characteristics fundamentally
determine value creation, provision, and capture mechanisms. Anzivino et al. [59] conduct
a qualitative study based on interviews with meta-organizations such as DIHs in order to
investigate how four orchestration mechanisms (collaboration platform set-up, resource
management, process enablement, and scale-up) can support sustainability-oriented inno-
vation leveraged by digital innovation, highlighting how the sequentiality of mechanisms
helps achieve their purposes.

The geographical dimension receives particular attention from Asplund et al. [60],
who emphasize that SMEs inherently require regionally based supporting entities for
effective digitalization, drawing on FED4SAE and HUBCAP project experiences to highlight
how funding and institutional support quality directly influence EDIH service delivery
effectiveness. This validates to some extent the territorial perspective promoted by Rissola
and Sorvik [61], who provide the earliest works regarding DIHs and their embeddedness
in regional Smart Specialization Strategies.

Policy environment research reveals both opportunities and challenges for EDIH sus-
tainability. Hervas-Oliver et al. [62] demonstrate through Spanish DIH interviews that these
structures effectively function as multi-actor collaborative platforms facilitating Industry
4.0 transitions. However, in another study, Hervas-Oliver and Artes-Artes [63] suggest
that although DIHs can promote the most innovative EU policies on Open Innovation and
Industry 4.0, they are not coordinated with national and regional initiatives, nor do they
fully support SMEs, marking an uneven digitalization in Europe. To this point, Orazi and
Sofritti’s [64] Italian analysis also exposes critical discontinuities between regional and
national digital innovation initiatives, highlighting coordination failures that undermine
EDIH effectiveness. Lacova et al. [65] further define foreseen challenges of DEP in the
Slovak environment based on a comparative case study analysis of existing and candidate
DIHs from the country.

3.1.3. The EDIH Ecosystem Level (Supra-National)

The supra-national level of EDIH interaction refers to supra-national cooperation, but
in smaller clusters such as international thematic clusters or several countries, and does not
involve the whole EDIH network (as is the case with the ENDIH level (see Section 3.1.4).
This level emerged as a recognized necessity by 2020, when Butter [66] identified the
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imperative for coordination and efficiency optimization across regional, national, and EU
levels, given the proliferation and diverse focus of DIHs within an increasingly complex
multi-layered innovation ecosystem. This recognition catalyzed significant theoretical
development aimed at understanding and optimizing inter-EDIH collaboration.

The theoretical landscape is dominated by a cohesive body of methodological
frameworks centered on the D-BEST model. Sassanelli and Terzi [12] provide the founda-
tional contribution through their extended D-BEST model, developed on the basis of the
Ecosystem-Technology—Business—Skills—Data (ETBSD) reference model for configuring the
service portfolio of DIHs [67-69] and enabling inter-EDIH collaboration. The D-BEST model
was validated within the HUBCAP cyber-physical technologies project, establishing concep-
tual foundations for analyzing horizontal and vertical EDIH interactions with emphasis on
interoperability and sustainability. The D-BEST framework currently represents the most
fully developed model for understanding EDIHs, offering a clear and well-structured basis
for configuring an EDIH’s service portfolio with a view toward transactional collaboration
between EDIHs. It relies on five service masterclasses (Ecosystem, Technology, Business,
Skills, and Data), as well as sub-service types and sub-classes, in order to conceptualize the
exact assets being transferred within the collaboration, but also provides guidance on how
to measure this collaboration. While originally oriented towards cyber-physical systems,
the D-BEST methodology offers potential for transferability to EDIHs operating in other
sectors, including agri-food, by enabling EDIHs working within this sector to collaborate
with a view to service provision of SMEs. Nevertheless, to date, it has only been applied
in the manufacturing sector, with a limited territorial focus and without a comprehensive
investigation into the specific causes or network configurations of DIHs [7].

This work spawned complementary methodological developments of the original
D-BEST framework: Sassanelli et al. [70] further developed a D-BEST-based DIH customer
journey method, able to configure a DIH’s unique value proposition and further illustrate
this application through pilot case studies [68]. The same authors conduct a comparative
analysis of the main platforms grounded on the D-BEST reference model developed by
different DIH networks at the time [71]. Razetti et al. [72], based on work from the DIH4AI
project, switched the taxonomy of the D-BEST model to transform it into a tool for legal and
ethical issues in order to enable DIHs to provide much-needed support for softer aspects of
Al adoption. Haidar et al. [73] extend the D-BEST framework by integrating the ECOGRAI
method to create standardized collaboration assessment methodologies applicable across all
sectors, while Serrano-Ruiz et al. [5] develop comprehensive frameworks for understanding
multi-level collaboration from local to pan-European networks, introducing the IOATM
methodology for quantifying collaborative activities. Serrano-Ruiz et al. [5] complete this
theoretical cluster by analyzing innovation ecosystems generated by DIHs, emphasizing
collaboration and networks as fundamental innovation drivers. Quadrini et al. [74] conduct
an empirical study of Italian and Polish DIHs (based on Smart Specialization Platform data)
using the D-BEST reference model in order to understand affinities and differences between
the DIHs of the two countries. Overall, Sassanelli et al. [67-69], Sassanelli and Terzi [12,70],
Haidar et al. [73], Serrano-Ruiz et al. [5], and Razetti et al. [72] form a common body of
work with detailed methodologies for formalizing and understanding collaboration as the
main activity of EDIHs, but in a manner specific to the methodologies of the manufacturing
sector and cyber-physical systems.

Cross-border collaboration also emerges as a prominent theme, with Voros [75]
proposing a “Marketplace-as-a-Service” platform through SMART4ALL to fund pilot
experiments across digitalized agriculture, transport, and environment sectors, while
Queiroz et al. [76] demonstrate practical cross-border implementation through the Portugal—-
Spain DISRUPTIVE consortium, exploring the quality of innovation in a cross-border
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context. They address agri-food through their Hub4AGRI component using the quadruple
helix model. Volpe et al. [77] complement this with preliminary results from DigiFed’s
cross-border collaboration tools.

The empirical contribution from Dyba et al. [78] provides a comparative analysis of
regional Industry 4.0 policies across Germany, Italy, and Poland, reinforcing the critical
importance of adapting interventions to regional socio-economic conditions for successful
technology adoption. Another empirical study is that of Ujwary-Gil and Godlewska-
Dziobon [79], who conducted a social network analysis using data from the Smart Spe-
cialization Platform in order to measure the network cohesion, centrality, and specialty of
Polish DIHs. Their results both validate this method of research for various levels of DIH
ecosystems and offer insights into network structure and the most influential DIHs.

3.1.4. The ENDIH Level (Pan-European)

Pan-European EDIH research has evolved toward macro-regional analyses that
increasingly connect DIH development with broader European policy frameworks, par-
ticularly the Artificial Intelligence Strategy and Digital Europe Programme. This research
stream demonstrates growing sophistication in understanding EDIHs within larger socio-
economic and policy contexts.

The econometric research strand, led by Georgescu et al. [80], establishes quantitative
foundations for understanding EDIH-economic development relationships. Their study
correlates DIH numbers on the S3 platform with GDP per capita and EU Digital Society
Index indicators, revealing that businesses increasing digital technology uptake contribute
to GDP growth, while high-DESI countries both accelerate GDP growth and host more
candidate DIHs. Their complementary Visegrad Group analysis [81] reinforces these
findings across the Czech Republic, Hungary, Poland, and Slovenia, demonstrating that
technology investments drive GDP per capita growth and highlighting DIHs” competitive
advantages across the EU. These studies suggest that regional macroeconomic disparities
significantly influence digital technology adoption rates across member states.

Typological and clustering research provides structural insights into EDIH diversity
and distribution patterns. Wintjes and Vargas [6] develop comprehensive DIH typologies
based on organizational characteristics, identifying four hub types (Private for Service,
Private for Manufacturing, Universities for Service, Universities for Manufacturing) while
revealing common cross-sectoral challenges. Gavkalova et al. [7] extend this approach
through empirical analysis of 38 countries using the D-BEST reference model, producing
four country clusters with similar service portfolio characteristics that correlate with socio-
economic development levels. However, both studies suffer from temporal limitations,
representing pre-EDIH network snapshots that reduce their contemporary relevance.

Policy-focused research examines EDIHs as implementation tools for European digital
strategies. Czyzewska-Misztal [82] positions EDIHs as essential instruments for regional Al
regulation and promotion, noting their role in addressing implementation gaps in European
Commission regional technology approaches. Ruohonen and Timmers [83] provide an early
Digital Europe Programme evaluation, demonstrating strong alignment between funded
projects and strategic priorities including cybersecurity, Al, high-performance computing,
and SME support.

3.2. Literature Review of Papers Related to the Agri-Food Sector

It is also noted from the previous section that the literature related to EDIHs comes
mainly from the field of production and the processing industry (manufacturing), re-
ferring to case studies represented by EDIHs in areas such as robotics or Industry 4.0.
According to Serrano-Ruiz et al. [5], this reflects real imbalances existing in the European
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EDIH network, in particular, a visible underrepresentation of the agri-food sector, with
some sectors being much more advanced in terms of digitalization than others.

As Serrano-Ruiz et al. [5] also note, the only notable bibliographical exception is the
contribution of Lombardo et al. [84] in the field of precision agriculture, which states that
in order to accelerate the adoption of technology in marginal areas of the EU, such as deeply
rural, mountainous, or economically disadvantaged areas, the classic ‘top-down” approach,
based on the transfer of knowledge and technology from research centers and universities,
should be replaced by a ‘bottom-up” approach, based on open innovation. This would lead
to regional co-generation of agri-food technology for the creation of products and services.
The authors believe that the application of the technology transfer model based exclusively
on research within universities, research centers, and companies has major limitations in
marginal territories that are characterized by a lack of education (91% of farmers have only
basic education, and only 6% are specialists) and low innovation rates. For this reason, the
authors consider it more appropriate that in these areas, and especially the EDIHs—which
align with these innovation principles through their statute—there should be greater use of
technology co-generation techniques in agriculture that promote collaboration between
the actors involved, including the end users of the innovation. Although the proposal is
valid, the paper is a scientific communication, largely theoretical, and not based on concrete
empirical studies related to EDIHs.

Other marginally important articles on the in-depth understanding of EDIHs in
the field present the concept of EDIHs, the challenges, or isolated case studies of good
practices. Gernego et al. [85] conduct a conceptual analysis of the impact of digitalization
on rural business development and the challenges encountered in this process, with the aim
of formulating implications for the provision of support services by DIHs. They mention
the challenges related to the existence of digital infrastructure in rural areas, as well as the
positive effects that these hubs can have on increasing competitiveness in these areas if they
are financially supported through EU programs. A limitation of this article is its theoretical
nature, based on a small number of scientific references.

In terms of case studies, the first published on DIHs in the agri-food sector comes
from the report prepared for JRC by Mitrner et al. [86], which analyses six European DIHs,
including Andalucia Agrotech, specialized in agriculture. The case study highlights the
importance of anchoring DIHs in regional smart specialization strategies (RIS3), as well
as their connectivity at European level. In the same year, Alonso et al. [87] and Miranda
et al. [88] present case studies such as the HUB4AGRI initiative and the SmartDairyTracer
solution in Portugal in their scientific communications, noting that their success validates
the idea that DIHs have evolved from a concept to an operational study, through which they
can deliver tangible results to actors in the agricultural sector, solving both the technical
problems and the need for specialized solutions that characterize efficient AKIS actors.
Aragones et al. [89] provide a dual case study of two DIHs in Andalusia and South-East
Ireland, providing two examples of their positive role in finding solutions for biomass
valorization through digitalization, based on consultations with over 100 stakeholders from
the respective ecosystems. The lessons learned from the two EDIHs are that (i) stakeholders’
needs must be understood, (ii) the greatest impact on the beneficiaries of EDIH services is
the presentation of technologies coming from other companies in the industry that have
implemented the technologies, and (iii) communication plans and a good definition of
services are very important for the success of EDIHs. Stojanova et al. [90] present a DIH
(non-EDIH, funded by an Interreg project but still considered relevant) that supported the
digitalization of the wine sector in a certain region of Slovenia and note the positive effects
on the local ecosystem, while Simek et al. [91] present the design of the PoliRural DIH
centered around an online platform, created as part of the PoliRural Horizon 2020 project,
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providing access to several assets for rural policy development. O’Gorman et al. [92]
present a rare and atypical case study that offers a model of collaboration between artists,
companies, and EDIHs applied to the agri-food industry. This article explores a creative
and atypical interdisciplinary collaboration, but it is not very representative of the most
pressing issues facing the sector.

4. Discussion
4.1. Discussion Regarding the Volume of Publications at Each Level of EDIH Interaction

The analysis of the literature topics related to EDIHs according to the interaction levels
proposed by Serrano-Ruiz et al. [5] reveals an uneven distribution of academic contributions
across the four interaction levels, with articles dedicated to the internal level of the EDIH
and ENEDIH levels being most underrepresented. The uneven distribution of the literature
at the different levels of interaction of EDIHs suggests that the literature is in a phase of
consolidation, with a pronounced focus on regional relations, highlighting the relative
maturity of this field through the development of specific methodologies, formal ontologies
for interoperability, and the conceptualization of EDIHs as “knowledge brokers”. This
richness reflects the crucial importance of regional relations for the efficient functioning
of EDIHs. Notable is the body of work surrounding the D-BEST model of Sassanelli and
Terzi [12], which shows interest in facilitating cross-border cooperation between EDIHs.

4.2. Discussion Regarding Main Themes of EDIH Non-Agri-Food Literature for Each Level of
EDIH Interaction

Regarding the main themes of the literature at each level,

1.  Research on the internal dynamics of DIHs reveals three fundamental themes that
collectively shape organizational effectiveness within these innovation intermedi-
aries. The literature emphasizes the critical importance of methodological guidance
for EDIH establishment, highlighting how structured development frameworks pro-
vide essential operational foundations for successful hub creation and management.
Equally significant is the centrality of associative structures in enabling digital trans-
formation, where collaborative organizational forms and consortium mechanisms
prove instrumental in facilitating innovation and knowledge transfer processes. Fi-
nally, there exists considerable untapped potential in collaborative and marketing-
oriented services, with evidence suggesting that current service portfolios significantly
underrepresent these high-impact areas despite their demonstrated value for SME
engagement and ecosystem development. However, this emerging field suffers from
a fundamental limitation: the absence of comprehensive empirical validation for
these theoretical frameworks and methodological recommendations, leaving critical
questions about practical implementation effectiveness across diverse regional and
sectoral contexts largely unanswered.

2. Research on the regional ecosystem level of EDIHs reveals a complex landscape
characterized by several interconnected challenges and opportunities that collectively
define the current state of EDIH implementation and effectiveness. The most promi-
nent theme emerging across multiple research streams is the fundamental tension
between standardization requirements and contextual adaptation needs, which man-
ifests in various forms throughout the EDIH ecosystem. While there is a critical
need for standardization frameworks to enable interoperability and coherent service
delivery across the European network, the evidence consistently demonstrates that
regional characteristics, local innovation systems, and sector-specific requirements
demand highly contextualized approaches. This tension is further complicated by
the predominant early-stage digital maturity of European SMEs regardless of ge-
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ography, creating a situation where EDIHs must simultaneously address universal
capacity-building needs while tailoring their services to diverse regional contexts and
sectoral particularities.

The research also highlights a significant evolution in understanding EDIHs’ role
within regional innovation ecosystems, moving from conceptualizing them as passive
technical facilitators to recognizing them as strategic knowledge brokers and active
intermediaries in regional innovation systems. This transformation is accompanied
by the development of sophisticated institutional frameworks and the prevalence of
cross-border collaboration models that reflect EDIH’s transnational mission, yet these
advances are undermined by persistent implementation challenges. Critical gaps
emerge between theoretical frameworks and practical application, between available
services and actual beneficiary capabilities, and between EDIH ambitions and coordi-
nated policy implementation at regional and national levels. The research consistently
points to the need for broader empirical validation across diverse European contexts,
as current contributions suffer from limited geographic scope and remain largely case-
study-based. Despite promising methodological developments and the emergence of
sector-specific yet transferable platforms, the field requires extensive replication stud-
ies and more rigorous evaluation of effectiveness to bridge the gap between formal
standardization efforts and practical implementation realities, ultimately ensuring
that EDIHs can fulfill their potential as drivers of regional digital transformation.
Research on the supra-national level of EDIH interaction demonstrates signifi-
cant progress in developing standardized collaboration frameworks that address
the inherent complexity of multi-level coordination across regional, national, and
European dimensions. The theoretical landscape has matured around comprehensive
methodological approaches that enable systematic analysis of inter-EDIH coopera-
tion, with particular emphasis on interoperability, sustainability, and quantifiable
collaboration metrics. However, these advances reveal a pronounced sectoral bias,
with manufacturing and cyber-physical systems dominating the development of col-
laboration methodologies and conceptual frameworks. This sectoral concentration
limits the broader applicability of proposed frameworks and highlights a critical gap
in understanding how inter-EDIH collaboration functions across diverse operational
environments, particularly in sectors like agri-food, services, or creative industries.
The field urgently requires empirical validation and adaptation of these theoretical
frameworks beyond manufacturing contexts to ensure that standardized collaboration
approaches can effectively support the heterogeneous EDIH landscape envisioned by
European digital transformation policies.

Research on the European EDIH network level demonstrates the emergence of
quantitative evidence linking EDIH presence to economic development outcomes,
with studies revealing positive correlations between DIH density, GDP growth, and
national digitalization indices. This macro-level analysis has established EDIHs as in-
tegral policy implementation instruments within broader European digital strategies,
particularly the AI Strategy and Digital Europe Programme, positioning them as es-
sential tools for regional technology promotion and regulatory compliance. However,
the research faces significant challenges in maintaining contemporary relevance due
to the rapid evolution of the EDIH network, with many foundational studies becom-
ing outdated as the official EDIH framework superseded earlier DIH configurations.
The evidence collectively suggests that while EDIHs possess demonstrable economic
impact potential and align well with European strategic priorities, their effectiveness
varies considerably across regional socio-economic contexts, necessitating continued
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empirical monitoring and adaptive research approaches as the network matures and
evolves beyond its initial implementation phase.

4.3. Discussion Regarding Main Themes of Agri-Food Literature

The academic literature on EDIHs in the agri-food sector reveals significant under-
representation that aligns with Serrano-Ruiz et al.’s [5] observations regarding structural
imbalances within the European EDIH network, where certain sectors demonstrate con-
siderably more advanced digitalization than others. Implementation data from the first
EDIH cycle corroborates these findings, showing agri-food’s underrepresentation among
beneficiaries despite the sector’s strategic European importance, creating substantial risks
for agricultural competitiveness through digitalization.

The thematic content of agri-food EDIH articles demonstrates researcher opti-
mism regarding positive digitalization effects [85,86,89-92], particularly during the pre-
implementation period (2019-2023). However, these contributions consistently emphasize
the necessity of anchoring EDIHs in local contexts, including beneficiary needs [89], re-
gional smart specialization strategies [86], rural infrastructure prerequisites [78,85], and
bottom-up approaches based on open innovation and technology co-generation specific
to agricultural requirements [84]. A critical limitation characterizes these contributions:
most remain theoretical or rely on isolated case studies without comprehensive empirical
validation of proposed hypotheses.

The conceptualization of EDIHs as “knowledge brokers” [47] gains particular sig-
nificance through subsequent work by Jurci¢ and Strahonja [51] and Colovic et al. [55],
which, combined with insights from Alonso et al. [87] and Miranda et al. [88], establishes
EDIHs as de facto new Agricultural Knowledge and Innovation System (AKIS) actors. This
positioning necessitates sector-specific understanding and adapted practices to effectively
serve agri-food stakeholders, highlighting the need for specialized competencies beyond
generic digital transformation approaches.

4.4. Discussion of Methodological Limitations of EDIH Literature

The methodological landscape of EDIH research reveals significant limitations that
consistently emerge across all four levels of analysis, highlighting fundamental challenges
in establishing a robust evidence base for this emerging field. The most pervasive method-
ological constraint is the absence of comprehensive empirical validation, with research
heavily skewed toward theoretical contributions, isolated case studies, and limited ge-
ographic scope rather than rigorous, large-scale empirical investigations. This pattern
manifests across internal dynamics research, where theoretical frameworks lack practical
implementation validation; ecosystem-level studies, which remain predominantly case-
study-based despite calls for broader replication; supra-national collaboration research,
confined largely to manufacturing contexts; and network-level analysis, where rapid EDIH
evolution renders foundational studies quickly outdated.

A critical temporal validity challenge compounds these limitations, as the rapid trans-
formation from early DIH configurations to the official EDIH network has created a signifi-
cant disconnect between existing research and contemporary realities. Many foundational
studies reflect pre-EDIH network snapshots that no longer accurately represent current
operational contexts, necessitating substantial methodological adaptation and updated
empirical investigation.

Furthermore, the research demonstrates pronounced sectoral and geographic bias,
with manufacturing and cyber-physical systems dominating theoretical development while
other sectors, particularly agri-food, remain severely underrepresented. This bias limits the
transferability and generalizability of findings across the heterogeneous EDIH landscape.
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The field urgently requires a methodological paradigm shift toward longitudinal
studies, standardized evaluation frameworks, multi-sector comparative analyses, and
continent-wide empirical validation to bridge the persistent gaps between theoretical
ambitions and practical implementation realities, ultimately enabling evidence-based policy
refinement and program optimization as the EDIH network matures.

4.5. Research Agenda for Further Research

Based on the analysis presented, we can identify the following underrepresented
research directions that require further investigation (see Table 2 below).

Building on the proposed research agenda, several priority topics emerge for advanc-
ing an evidence-based approach to agri-food digitalization within the EDIH network:

1.  Testing and validating the D-BEST model for the agri-food sector. Given the
popularity of the framework and its broad usage to enable analyses, future research
should validate an “Agri-D-BEST” framework.

2.  Strengthening the EDIH knowledge-broker and intermediation roles within AKISs.
EDIHs should formally integrate into AKISs by establishing feedback loops among
farmers, researchers, and policymakers—ensuring that local needs inform European
digital policy and the overall approach of ENDIH with regard to the agri-food sector.

3.  Conducting a barrier analysis for digitalization in agri-food through EDIH. At
the moment, the barriers preventing more agri-food beneficiaries from accessing
EDIH services are poorly understood. A thorough analysis is needed, taking into
account both needed adaptations to EDIH services or other program characteristics
and external factors such as infrastructure limitations in rural areas, cost-benefit
analysis of rural-specific digitalization interventions, development of rural-adapted
digital transformation models, and local anchoring strategies in rural realities.

Policymakers can enable the research community to contribute to distilling evidence-
based best practices, digitalization patterns of SMEs, and other valuable insights by decid-
ing to share anonymized data of SME beneficiaries’ DMA scores, as well as further data
on EDIH results following the end of the first 3-year implementation cycle. If enabled
by appropriate data, the research agenda and priority steps outlined above can render
the agri-food digitalization process more measurable and inclusive, guiding both DEP
implementation and future Horizon Europe initiatives.

Table 2. Research agenda—topics for further investigation.

Topics

Specific Aspects

e  Empirical Validation of Theoretical Frameworks—large-scale
validation studies of existing methodological guidance frameworks,
comparative effectiveness analysis of different EDIH establishment
approaches, cross-regional validation of organizational structure
recommendations

e Internal Organizational Dynamics—how the internal structures of
EDIHs actually work, governance mechanisms and decision-making

Internal Level of EDIHs processes at the internal level, resource management, learning, and

optimization of internal capabilities

e  Service Portfolio Development—systematic evaluation of
collaborative and marketing-oriented services” potential, gap analysis
between current offerings and high-impact service categories,
development of evidence-based service expansion strategies

e  Developing skills and training teams within EDIHs
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Table 2. Cont.

Topics

Specific Aspects

Regional-Ecosystem-Level Research Priorities

Standardization vs. Contextualization Balance—framework
development for optimal balance between standardization and local
adaptation, comparative analysis of regional customization strategies
and outcomes, impact assessment of local innovation systems on
EDIH effectiveness

Knowledge Brokerage Function Validation—empirical validation of
EDIHs transition from passive facilitators to strategic intermediaries,
quantitative measurement of knowledge creation vs. knowledge
transfer activities, longitudinal analysis of EDIH impact on regional
innovation ecosystems

SME Digital Maturity Progression—multi-year longitudinal studies
of SME digital transformation trajectories, cross-European
comparative analysis of digital maturity patterns, effectiveness
evaluation of capacity-building interventions

Service-Capability Gap Analysis—systematic assessment of gaps
between available services and beneficiary capabilities, regional
comparative studies of service uptake and effectiveness, development
of adaptive service delivery models

Supra-National-Level Research Priorities

Multi-Sector Framework Adaptation—extension and validation of
D-BEST model beyond manufacturing contexts, development of
sector-specific collaboration frameworks for agri-food, services,
creative industries, cross-sector comparative analysis of collaboration
patterns and effectiveness

Inter-EDIH—Empirical analysis of multi-level coordination across
regional, national, and EU dimensions, effectiveness evaluation of
existing coordination instruments and policies, development of
improved inter-EDIH collaboration assessment methodologies
Policy Coherence Assessment—analysis of policy alignment between
different governance levels, evaluation of coordination mechanisms’
effectiveness, development of coherent multi-level

governance frameworks

European Network-Level Research Priorities

Updated Economic Impact Assessment—comprehensive analysis
using current EDIH network data (post-2023), multi-country
longitudinal studies of EDIH-economic development correlations,
regional comparative analysis of economic impact across diverse
socio-economic contexts

Policy Implementation—integration with EU policies (Al strategy,
DEP), analysis of alignment between EDIH activities and European
strategic priorities

Network Evolution Monitoring and Learning—development of
adaptive research frameworks for dynamic network environments
Cross-Regional Comparative Analysis—systematic comparison of
EDIH effectiveness across different regional contexts, analysis of
success factors in diverse socio-economic environments
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Table 2. Cont.

Topics Specific Aspects

e  AKIS Integration Framework Development—comprehensive
analysis of EDIHs as new Agricultural Knowledge and Innovation
System actors, impact assessment of EDIH integration on existing
AKIS structures, development of sector-specific competency
frameworks for agri-food EDIHs, the role of EDIHs in farmers’
decision-making strategies regarding technology adoption (including
investigating complex farmer—researcher-market interactions)

e  Barrier Analysis for Digitalization in Agri-Food through
EDIHs—systematic empirical investigation of infrastructure
limitations in rural areas, cost-benefit analysis of rural-specific
digitalization interventions, development of rural-adapted digital
transformation models, and local anchoring strategies in rural
realities, as well as general adaptation of EDIH services to the needs
of agri-food beneficiaries

e  Bottom-Up Innovation Validation—empirical validation of open
innovation and technology co-generation approaches in agriculture
within EDIHs, comparative analysis of traditional vs. participatory
technology transfer effectiveness in EDIH services, analysis of farmer
participation patterns in digital innovation processes

e  Adapting Services to the Particularities of the Agricultural
Sector—development and testing of agriculture-specific EDIH service
portfolios, analysis of seasonal and cyclical factors in agricultural
digitalization, integration strategies with precision agriculture and
smart farming initiatives, and particularities related to various
agri-food sub-sectors (e.g., horticulture, animal rearing, etc.)

e  Agricultural Competitiveness Analysis—long-term impact
assessment of agricultural digitalization on (regional) sectoral
competitiveness, comparative analysis with other sectors’
digitalization progress or between agri-food sub-sectors (e.g.,
horticulture, animal rearing), development of agriculture-specific
digital transformation metrics

e  The social impact of digitalization on sector polarization and
strategies to mitigate structural inequalities.

Agri-Food Sector—Specialized Research

e  Comprehensive Empirical Validation—extensive empirical research
instead of one-off case studies; large-scale, multi-country longitudinal
studies across all EDIH levels; development of standardized
evaluation frameworks and key performance indicators; rigorous
replication studies of existing case study findings

e  Geographic and Sectoral Representation—systematic inclusion of
underrepresented sectors and regions in research, development of
stratified sampling frameworks ensuring representative coverage,
cross-sector comparative studies using harmonized methodologies

e  Temporal Validity Enhancement—regular updating and validation

Cross-Cutting Methodological Priorities of research findings to reflect network evolution since the
implementation of the DEP program and ENDIH

e  Theory—Practice Integration—bridging gaps between theoretical
frameworks and practical implementation, participatory research
approaches involving EDIH practitioners and beneficiaries,
development of evidence-based policy recommendation frameworks

e  Methodological Innovation—development of new research methods
appropriate for dynamic innovation ecosystems, integration of
mixed-methods approaches for comprehensive EDIH assessment,
creation of real-time data collection and analysis capabilities
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5. Conclusions

The current study aimed to produce a thorough scoping review of all existing publi-
cations related to EDIHs and the agri-food sector, with the objective of mapping existing
gaps in the literature and proposing a research agenda to address them.

Regarding the first objective of the current paper, of mapping existing gaps in the
literature, we can conclude that the research landscape of EDIH publications to date
demonstrates significant imbalances. The academic literature is heavily concentrated on
ecosystem-level interactions, while critical areas such as internal organizational dynamics
and European-level coordination mechanisms remain severely understudied. Perhaps most
concerning is the double disadvantage facing the agri-food sector, which suffers from both
academic neglect and practical underrepresentation, with only 1.7% of EDIH beneficiaries
coming from agriculture (by September 2024) despite the sector’s strategic importance to
European food security and rural development. This disparity creates a tangible risk that
agricultural digitalization will lag behind other sectors, potentially exacerbating existing
competitiveness gaps and undermining the program’s goal of comprehensive digital trans-
formation across all economic domains. The predominance of theoretical contributions and
isolated case studies over rigorous empirical research represents a critical weakness in the
current knowledge base. While these studies provide valuable conceptual frameworks and
preliminary insights, the lack of longitudinal studies measuring real impact, standardized
evaluation methodologies, and comprehensive validation of proposed models limits our
understanding of EDIH effectiveness and optimal implementation strategies.

The resulting research agenda meets the second objective of the current paper, repre-
senting a uniquely valuable and timely contribution to current literature, providing the
first systematic mapping of research priorities specifically addressing the intersection of
European digital innovation policy and agricultural transformation. By offering structured
guidance for researchers and policymakers to address the most pressing knowledge gaps,
this research agenda has the potential to catalyze the empirical research necessary to en-
sure truly inclusive and effective digital transformation across all sectors of the European
economy, preventing the agri-food sector from falling behind in an increasingly digitalized
global landscape.

The evidence suggests that DEP policymakers should consider integrating the research
priorities identified in this study into the future work program agendas of research and
innovation programs such as Horizon Europe or future frameworks in this field in order to
enable a much more systematic understanding of the ENDIH and to provide this network
with appropriate tools that answer outstanding needs. In the short term, some of the
knowledge gaps can be addressed by empowering the DTA with the agenda resulting from
this study and by directing it to address outstanding questions within ENDIH, in particular
through thematic working groups, or other structures aimed at reflection, learning, and
knowledge generation based on communities of practice. Last but not least, the academic
community could contribute to these outcomes if provided with more (anonymized) data
about the results of the first 3-year implementation cycle, which could lead to a better
understanding of the effectiveness of certain DIH strategies, digitalization pathways of
various SMEs, and sectoral patterns and evidence-based solutions for an evolving network.

The study’s novel insights come at a pivotal time for the ENDIH, at the end of the
initial three-year cycle of the first cohort of EDIHs. By offering a structured overview of the
current state of knowledge, it supports researchers and policymakers in contributing to
the overall mission of the program of supporting the digital transformation of European
economies and societies—alongside their key economic sectors, among which agri-food
is critical.
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In spite of its ambition of becoming one of the most thorough scoping reviews regard-
ing the EDIH literature and in particular about the body of work regarding EDIHs in the
agri-food sector, some limitations of the current study are the lack of access to all databases
which would have increased the reach of the searches, the retroactive application of the
PRISMA ScR protocols which could have lead to some errors, and the lack of double-coding
of the 84 articles identified within the scope of the current study.
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Appendix A

Table A1. Master list of publications included in the scoping review (n = 84). (Notes: 1. Where papers
are listed in italics font, this indicates that only the abstract could be consulted. 2. In the Type field,
the following annotations were used: J—Journal Article; CP—Conference Paper; B—Book Chapter;
R—Report; PhD—Ph.D. Thesis; A—Non-Peer-Reviewed Article.)

No. Authors and Publication Year Type Title
2025 (until May 2025)
1 Anzivino et al. [59] ] Orchestration Mechanisms in Sustainability-Oriented
' Innovation: A Meta-Organization Perspective.

The Digital REadiness Assessment MaturitY (DREAMY)

2 Carolis et al. [40] ] framework to guidemanufacturing companies towards a
digitalisation roadmap

3 Colovic et al. [55] ] ?nstltutl.ona.hsmg the. dlg1tal transition: The role of digital
innovation intermediaries

oo Transforming SMEs" Digital Potential Through Associative

4 Georgescu and Avasilcai [17] B Cooperation: The Analyses of Romanian Digital Innovation Hubs.
Al Adoption in Finnish SMEs: Key Findings from Al

> Khan, etal. [32] cp Consultancy at a European Digital Innovation Hub
Accelerating Al-powered digital innovation through

6 Khanelloupoulou et al. [43] ] “APSS”: A novel methodology for sustainable business
Al transformation
Embarking the Al journey: insights

7 Khanelloupoulou et al. [33] ] from ahedd DIH on Greece’s (potential) Al
adopters
Smart Attica EDIH: A Paradigm for DIH Governance and a Novel

8 Khanelloupoulou et al. [44] B Methodology for AI-Powered One-Stop-Shop Projects Design
The process of establishing an innovation ecosystem as a

o result of knowledge exchange among various stakeholders

? Rajkovie [45] PhD in the blue economy—the example of the strategic
project InnovaMare

10 Rouhonen and Timmers [83] ] Ee.lrl.y Perspectives on the
Digital Europe Programme

. . Unlocking Collaborative Opportunities for Environmental
1 Spigarelli et al. [54] J Sustainability through Innovation Intermediaries
2024

Study of Digital Maturity Models Considering the European

12 Babo etal. [39] P Digital Innovation Hubs Guidelines: A Critical Overview.
The European Union’s Approach to Artificial Intelligence

13 Czyzewska-Misztal, D. [82] ] from a Territorial Perspective: The Case of DIHs and
EDIHs Programmes.

14 Gavkalova, et al. [7] ] Digital Innovation Hubs gnd portfolio of their services
across European economies.

15 O'Gorman et al. [90] ] MUSAE: Fusion of art and technology to address challenges
in food and health.
Developing Performance Indicators to Measure DIH

16 Haidar. et al. [73] B Collaboration: Applying ECOGRAI Method on the D-BEST

Reference Model
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No. Authors and Publication Year Type Title

Key aspects of establishing research, knowledge, and

17 Haukipuroet al. [30] ] innovation-based hubs as part of the local innovation
ecosystem.
Factors Influencing European Digital Innovation Hubs as
18 Jurci¢ and Strahonja [51]. A Intermediaries in Processes of Value Delivery from Research
Community to Industry and Vice Versa.
. Digital Innovation Hubs as Examples of Cooperation to
19 Lacova etal. [65] J Foster the Digital Skills of Employees in SMEs
R Unveiling Knowledge Ecosystem Dimensions for MSMEs’
20 Marinelli et al. [50] J Digital Transformation, toward a Location-Based Brokerage
2 Myllyméki & Hakala [24] CP Robocgast Dlgltal .Innovatlon Hub to Promote Digitalization
of Businesses in Finland
22 Nazarenko et al. [37] ] Integration of Al Use Cases in Training to Support Industry 4.0.
Exploring Digital Needs in the Centru Region, Romania: A
23 Ogrean etal. [31] J Comparative Cross-Sectoral Study
Innovation 4.0 Policies in Italy: Strengths and Weaknesses of
24 Orazi & Sofritti. [64] J the Innovation Ecosystem of the “Transition 4.0” Plan from
an International Perspective.
Relational network of innovation ecosystems generated by
. digital innovation hubs: a conceptual framework for the
25 Serrano-Ruiz et al. 5] J interaction processes of DIHs from the perspective of
collaboration within and between their relationship levels.
. . . Digital Innovation Hubs Transforming Business and
26 Sotirofski, & Kraja [21] J Marketing Collaboration
27 Tanhua et al. [34] ] Digital Maturity of Companies in Smart Industry Era
2023
Towards a Multidimensional Ontology Model for
28 Feltus. etal. [42] J DIH-Based Organisations.
Digital innovation hubs as drivers for digital transition and
29 Gaiani and Ala-Karvia [46] B economic recovery: The case of the Arctic Development
Environments Cluster in Lapland
Digital Innovation Hubs: SMEs’ Facilitators for Digital
30 Georgescu et al. [16] B Innovation Projects, Marketing Communication Strategies and
Business Internationalization
31 Lepore et al. [53] i Building hgluswe Smart Cities through Innovation
Intermediaries
3 Sarraipa et al. [36] ] A Learning Framework for Supporting Digital Innovation
Hubs.
Coalescing Circular and Digital Servitization Transitions of
33 Sassanelli et al. [25] CP Manufacturing Companies: The Circular Economy Digital
Innovation Hub
. Supporting Mass Collaborative Learning Communities
34 Zamiri et al. [49] cr Through Digital Innovation Hubs
35 Wintjes and Vargas [6] ] Digital Innovation Hubs: Insights from European Experience

in Supporting Business Digitalization.
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No. Authors and Publication Year Type Title
2022
36 Dyba et al. [78] ] Actlons fosterl.ng the adop-hor-l of Industry 4.0- technologies
in manufacturing companies in European regions.
Associative and Non-associative Business Structures: A Literature
37 Georgescu, et al. [15] B Review for the Identification of Business Development
Opportunities for SME in the Digital Age.
Digital Transition, Digital Innovation Hubs and Economic
38 Georgescu et al. [80] cP Development—An EU Case Study
39 Georgescu et al. [81] ] DIHs and the I.mpact of Digital Technology on
Macroeconomic Outcomes
A business ecosystem framework for SME development
40 Georgescu et al. [14] J through associative and non-associative business structures
in the digital age
. Using the D-BEST Reference Model to Compare Italian and
4 Quadrini et al. [74] J Polish Digital Innovation Hubs
L-BEST: Adding Legal and Ethical Services to Manage
42 Razzetti et al. [72] CP Digital Innovation Hubs Portfolios in the Artificial
Intelligence Domain
43 Rudawska [38] ] The One. Stop Shop Model—A Case Study of a Digital
Innovation Shop
. . Building the Value Proposition of a Digital Innovation Hub
44 Sassanelli and Terzi [56] J Network to Support Ecosystem Sustainability.
The D-BEST Reference Model: A Flexible and Sustainable
45 Sassanelli and Terzi [12] ] Support for the Digital Transformation of Small and
Medium Enterprises
The D-BEST Based Digital Innovation Hub Customer
46 Sassanelli and Terzi [70] Cp Journey Analysis Method: Configuring DIHs Unique Value
Proposition
. Digital Innovation Hubs Proposing Digital Platforms to
47 Sassanelli et al. [71] cP Lead the SMEs Digital Transition
. Rural Digital Innovation Hubs as a Paradigm for Sustainable
48 Stojanova, S. etal. [90] J Business Models in Europe’s Rural Areas.
49 Ujwary-Gil and CP Digital Innovation Hubs: Two-Mode and Network-Based
Godlewska-Dziobon [79] View on Technology and Services Provided
2021
50 Asplund et al. [60] CcpP Problematizing the Service Portfolio of Digital Innovation Hubs
51 Cotrino et al. [35] ] Industry 4.0 HUB: A Collab(?ra’ave. knowledgg transfer
platform for small and medium-sized enterprises.
52 Dalmarco. et al. [58] CP Digital Innovation Hubs: One Business Model Fits All?
53 Gernego, et al. [85] ] Challenges an.d opportunities for digital innovative hubs
development in Europe.
Digital Innovation Hubs—The Present Future of
54 Georgescu et al. [22] B Collaborative Research, Business and Marketing

Development Opportunities




Agriculture 2025, 15, 2305 28 of 40

Table Al. Cont.

No. Authors and Publication Year Type Title

Emerging regional innovation policies for industry 4.0:

55 Hervas-Oliver et al. [62] ] analyzing the digital innovation hub program in European
regions
. . The Digitization of European Business: The Digital
56 Hervas-Oliver and Artes Artes [63] ] Innovation Hubs, What Is Next?
Digital Innovation Hubs in Health-Care Robotics Fighting
57 Jovanovic et al. [23] ] COVID-19: Novel Support for Patients and Health-Care
Workers across Europe.
Business Intelligence and Innovation: A Digital Innovation Hub
58 Maurer [19] B as Intermediate for Service Interaction and System Innovation for
Small and Medium-Sized Enterprises
59 Sassanelli et al. [69] CP Digital Inno.vatzon Hubs Supporting SMEs Digital
Transformation.
. The D-BEST Based Digital Innovation Hub Customer Journeys
60 Sassanelli et al. [65] cp Analysis Method: A Pilot Case.
61 Semeraro [41] cp Interoperability Maturity Assessment of the Digital Innovation
Hubs
Experimentation of Cross-Border Digital Innovation Hubs (DIHs)
62 Volpe etal. [77] cp Cooperation and Impact on SME Services.
63 Zamiri et al. [57] cp To‘w'ards A Con§eptual Framework for Developing Sustainable
Digital Innovation Hubs
2020
Digital innovation hubs as a tool for boosting biomass
64 Aragonés et al. [89] ] valorisation in regional bioeconomies: Andalusian and
South-East Irish case studies.
Digital Innovation Hubs and Their Position in the European,
65 Butter et al. [66] B National and Regional Innovation Ecosystems.
. The digital transformation of SMEs—a new knowledge broker
66 Crupi etal. [47] ] called the digital innovation hub.
L The ERATOSTHENES Centre of Excellence (ECoE) as a Digital
67 Hadjimitsis et al. [18] cp Innovation Hub for Earth Observation
68 Juréi¢ and Strahonja [52] cP Conceptufﬂ Analysis of the Digital Innovation Hub as a
Value Delivery System
Digital Innovation Hubs as Policy Instruments to Boost
Digitalisation of SMEs—A practical handbook & good
69 Kalpaka etal. [13] R practices for regional /national policy makers and DIH
managers
Digital innovation hubs for robotics—TRINITY approach for
70 Lanz et al. [27] CP distributing knowledge via modular use case
demonstrations
Digital Innovation Hubs for enhancing the technology
71 Lanz et al. [28] A transfer and digital transformation of the European
manufacturing industry
7 Olszewski and Pawlewski [20] cp Stakeholder Involvement Added Value Indicators in IT Systems

Design for Industry 4.0 Digital Innovation Hubs.
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73 Queiroz. et al. [76] ] A Quah.ty Innovation Strategy for an Inter-regional Digital
Innovation Hub
L-BEST: Adding Legal and Ethical Services to Manage

74 Razzetti et al. [72] CP Digital Innovation Hubs Portfolios in the Artificial
Intelligence Domain

. Towards a Reference Model for Configuring Services

75 Sassanelli et al. [67] cp Portfolio of Digital Innovation Hubs: The ETBSD Model

76 Simek et al. [91] CP Innovation Hub for Rural Areas and People

77 Vakirayi & Belle. [29] cp Exploring the role of digital innovation hubs in socioeconomic
development.
SMART4ALL -Technological Challenges and Funding

78 Voros [75] P Opportunities in the Areas of Balkans and Eastern Europe.

2019

79 Alonso et al. [87] ] An que-IoT platforr.n aimed at smart farming and
agro-industry scenarios.

80 Doyle and Cosgrove [26] i Steps towards digitization of manufacturing in an SME
environment

81 Miranda & Medina [85] ] HUB4AGRI—D1g1tal Innovation Hub for Portuguese
agri-food sector.
Exploring heterogeneous Digital Innovation Hubs in their

82 Micrner et al. [S6] R context A comparative case study'of six (.6) DIHs w1t.h links
to 53, innovation systems and digitalisation on a regional
scale.

83 Zamiri et al. [48] CcpP Knowledge Management in Research Collaboration Networks

2018

84 Lombardo. et al. [84] ] Propqsal for spaces of agrotechnology co-generation in
marginal areas.

85 Rissola and Sorvik [61] R Digital Innovation Hubs in Smart Specialisation Strategies

Appendix B

Table A2. Coding manual—coding rules and decision criteria for assigning the identified literature to

each of the four levels of Serrano-Ruiz’s (2024) framework.

Level of Interaction

Criteria for Inclusion

Level 1: DIH Internal Dynamics

Primary focus on internal dynamics among consortium members of a single
DIH, who typically collaborate and co-create at an internal organizational
level to produce unitary DIH services. DIH methodologies, associative
behaviors, organizational structures, consortium relationships, and
interdisciplinary work resulting in a common output (service provision) or
governance within a single DIH

s A

Key indicators: mentions “consortium”, “members”, “internal”, “single
hub case study”, “governance”, “organizational structure”, “co-creation
strategies”, “structure”, “EDIH Structure”, “actor relationships”
Exclude if study discusses inter-DIH collaboration, relationship with
beneficiaries, or regional ecosystems beyond matters exclusively about

the single hub
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Table A2. Cont.

Level of Interaction

Criteria for Inclusion

Level 2: DIH Ecosystem

Primary focus on all types of interactions between a DIH and its regional
ecosystem (which encompasses external actors interacting with the hub at
the regional or at most at the national scale—namely, beneficiaries,
technology providers, and other stakeholders active in innovation,
knowledge, and technology ecosystems, including authorities from the
enabling environment).

° Key indicators: “beneficiaries”, “regional”, “SMEs”, “technology

a7 a7

providers”, “stakeholder engagement”, “local ecosystem”, “ecosystem
building”, “methodologies”, “tools” and “ontologies” (to enable DIHs
for sectoral or ecosystem service provision, technology transfer),

v a7

“network maturity”, “implementation”, “ cross-sectoral ecosystem
animation/collaboration”, “knowledge brokerage”, “intermediation”,
“learning communities”, “knowledge ecosystem”

e Asopposed to the Internal DIH level, where DIH service provision was
discussed as a result of internal dynamics (e.g., associative structures,
consortium composition), the DIH Ecosystem level discusses service
provision with a view to the external ecosystem (i.e., relationship to
beneficiaries) and its demands

e  Exclude if study primarily addresses DIH-to-DIH networking at binary
or group level, or European-level coordination

Level 3: EDIH Inter-Hub Collaboration

Primary focus on DIHs engaged in cross-border collaboration or European
networking or service-exchange activities between multiple EDIHs, enabling
inter-hub collaboration across broader ecosystems across regions and
reaching the national and international level (e.g., thematic EU EDIH
ecosystems or regional initiatives involving several EDIHs within a national
context or within several MS)

° Key indicators: “inter-EDIH”, “networks”, “networking”,

a7

“collaboration between hubs”, “transactional collaboration”,

v ou

“cross-border collaboration”, “service exchange”, “hub coordination”,

s VA7)

“interoperability”, “asset transfer”, “national”, “(comparative) national
case studies”, “thematic working group”
e  Exclude if study focuses on single hub operations or study aspects

focusing on the whole European network-level governance

Level 4: European EDIH Network (REHID)

Primary focus on studies comprising the entire network as a system,
pan-European coordination, typologies for DIHs based on network-level

analyses, network-wide policies, and /or DEP-level EDIH policy implications
° Key indicators: “European network”, “ENDIH”, “network-level”,

“collective”, “pan-European”, “DEP”, “typologies of DIHs”

Exclude if study addresses only regional or more limited inter-hub dynamics
other than the entire ENDIH.

Appendix C PRISMA-ScR Diagrams

Table A3. PRISMA-ScR diagram (MDPI).

Stage

Details

Identification stage—how many records you found in
each database and through other methods (snowballing,

grey literature, etc.)

Records identified through database searching

- “digital innovation hub” (n = 75)

- “digital innovation hub” AND “Agriculture” (n = 28)
Total records identified (n = 103)

Records after duplicates removed (n = 74)

Screening stage—how many records were screened and  Records screened (n = 74)

excluded at the title/abstract level

Records excluded (n = 68)
Full-text articles assessed for eligibility (n = 6)
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Table A3. Cont.

Stage Details

Eligibility stage—how many full texts were assessed and  Full-text articles excluded with reasons (n = 1)
reasons for exclusion Reason “isolated mention of EDIH” (n =1)

Inclusion stage—final number of included studies with

breakdown by source type if relevant Studies included in qualitative synthesis (n = 7)

Table A4. PRISMA-ScR diagram (Google Scholar).

Stage Details

Records identified through database searching

- “digital innovation hub” (n = 797.000, for which the search
stopped after 126 items because the exact term was no longer
visible in the search results returned)

- “digital innovation hub” AND “Agriculture” (n = 105.000,
for which the search stopped after 40 items because the exact
terms were no longer visible in the search results returned)
Total records identified (n = 166)

Records after duplicates removed (n = 142)
Screening stage—how many records were screened  Records screened (n = 142)
and excluded at the title/abstract level Records excluded (n = 41)
Full-text and abstract articles assessed for eligibility (n = 101)

Identification stage—how many records you found in
each database and through other methods
(snowballing, grey literature, etc.)

Full-text articles excluded with reasons (n = 52)
Reason “no mention of EC’s EDIH concept” (n = 28)
Reason “type of paper not relevant” (n = 9)

Reason “geographical scope not relevant” (n = 13)
Reason “isolated mention of EDIH” (n = 2)

Eligibility stage—how many full texts were assessed
and reasons for exclusion

Inclusion stage—final number of included studies

with breakdown by source type if relevant Studies included in qualitative synthesis (n = 49)

Table A5. PRISMA-ScR diagram (Web of Science).

Stage Details

Records identified through database searching
Identification stage—how many records you found in - “digital innovation hub”—(n = 147)
each database and through other methods - “digital innovation hub” AND “agriculture” (n = 101)
(snowbealling, grey literature, etc.) Additional records through other sources (n = 12)
Total records identified (n = 360)

Records after duplicates removed (n = 339)
Records screened (n = 339)

Records excluded (n = 297)

Abstract articles assessed for eligibility (n = 310)
Full-text articles assessed for eligibility (n = 42)

Screening stage—how many records were screened
and excluded at the title /abstract level

Full-text articles excluded with reasons (n = 14)
Reason “no mention of EC’s EDIH concept” (n = 2)
Reason “type of paper not relevant” (n = 2)
Reason “geographical scope not relevant” (n = 2)
Reason “isolated mention of EDIH” (n = 8)

Eligibility stage—how many full texts were assessed
and reasons for exclusion

Inclusion stage—final number of included studies

with breakdown by source type if relevant Studies included in qualitative synthesis (n = 28)
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Table A6. Charting Table—Prisma ScR compliant.

Theme No. of Sources  Representative References

Key Insights

Kalpaka et al. (2020 [13]);
Georgescu (2021 [14-16]);
Georgescu & Avasilcai
(2023 [17]); Hadjimitsis
et al. (2021 [18]); Maurer
1. DIH Internal Dynamics 13 (2019 [19]); Olszewski &
(Level 1) Pawlewski (2022 [20]);
Sotirofski & Kraja (2022
[21]); Jovanovic et al. (2021
[23]); Myllymaki & Hakala
(2023 [24]); Sassanelli et al.
(2023 [25])

methodological frameworks for DIH
establishment; governance structures
and associative models; collaborative
mechanisms and co-creation processes;
Kalpaka et al.’s seven-step JRC
methodology as foundational
blueprint; organizational and
ecosystem integration gaps;
underrepresentation of marketing and
communication services; evolution of
hubs from research centers to service
systems; adaptability of DIH service
portfolios to crises and sectoral
contexts; need for stronger
methodological guidance; need for
robust associative governance; need
for deeper exploration of collaborative
and market-oriented services

Doyle & Cosgrove (2020
[26]); Lanz et al. (2021
[27,28]); Vakirayi & Belle

(2021 [29]); Haukipuro et al.

(2022 [30]); Ogrean et al.
(2023 [31]); Khan et al.
(2023 [32]);
Khanelloupoulou et al.
2023 [33,43]); Tanhua et al.
2023 [34]); Cotrino et al.
2021 [35]); Sarippa et al.

(
2. DIH Ecosystem Level E
(2022 [36]); Semerano et al.
(
(
(

(Level 2) 40

2021 [41]); Feltus et al.
2022 [42]); Crupi et al.
2021 [47]); Zamiri et al.
(2022 [48,49)); Jur¢i¢ &
Strahonja (2022 [51]);
Hervas-Oliver et al. (2021
[62]); Rissola & Servik
(2020 [61]); Orazi & Sofritti
(2023 [64])

ecosystem design and beneficiary
analysis—diversity of contexts, user
needs, and digital maturity; service
and sector methodologies—practical
frameworks for technology transfer,
Industry 4.0 platforms, and flexible
learning models; formal tools and
ontologies—interoperability and
standardization frameworks
(DIH4CPS); knowledge-broker and
intermediary functions—DIHs as
active innovation intermediaries
beyond technical facilitation;
sustainability and value-proposition
studies—stakeholder engagement,
contextualized value creation, and
long-term network sustainability;
policy and territorial
factors—coordination challenges
between EU, national, and regional
initiatives; overall
characterization—EDIHs as complex,
multi-actor regional organisms
dependent on ecosystem cohesion,
tailored services, and S3 alignment;
research gaps—lack of comparative
quantitative validation and
underrepresentation of cross-sector
applications (agri-food,

public services)
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Table Aé6. Cont.

Theme

No. of Sources

Representative References

Key Insights

3. EDIH Inter-Hub
Collaboration
(Supra-National Level 3)

14

Sassanelli & Terzi (2020
[12]); Sassanelli et al. (2021
[67-71]); Razetti et al. (2022
[72]); Haidar et al. (2022
[73]); Serrano-Ruiz et al.
(2024 [5]); Voros (2021 [75]);
Queiroz et al. (2022 [76]);
Volpe et al. (2023 [77]);
Dyba et al. (2023 [78]);
Ujwary-Gil &
Godlewska-Dzioboni

(2023 [79])

inter-EDIH collaboration formalized
through D-BEST (Ecosystem-—
Technology-Business-Skills-Data) and
ETBSD frameworks; conceptual and
operational architecture for
configuring service portfolios and
measuring collaboration intensity;
extensions including DIH Customer
Journey, legal-ethical Al modules, and
ECOGRAI-based metrics; multi-level
interaction frameworks (IOATM)
linking local, regional, and EU
dynamics; empirical and cross-border
cooperation mechanisms via
SMART4ALL, DISRUPTIVE, and
DigiFed projects; application of the
quadruple-helix approach in
digitalized agriculture and industry;
comparative and social-network
analyses showing how regional
policies and network cohesion
influence innovation diffusion; mature
theoretical and applied understanding
of supra-national collaboration;
sectoral bias toward manufacturing
and cyber-physical systems; limited
replication and validation in other
domains such as agri-food

4. European EDIH
Network (Pan-European
Level 4)

6

Georgescu et al. (2023 [80]);
Georgescu et al.
(2023—YVisegrad [81]);
Wintjes & Vargas (2021 [6]);
Gavkalova et al. (2023 [7]);
Czyzewska-Misztal (2023
[82]); Ruohonen &
Timmers (2024 [83])

shift from descriptive mapping to
macro-regional, econometric, and
policy-driven analyses; linkages
between EDIH development, the EU
Digital Europe Programme, and
Artificial Intelligence Strategy;
econometric evidence of positive
correlations between DIH density,
GDP per capita, and DESI
scores—higher digital adoption drives
economic growth; typological and
clustering analyses identifying four
hub types and country clusters aligned
with socio-economic gradients;
limitations of pre-EDIH datasets
reducing temporal relevance;
policy-oriented research framing
EDIHs as instruments for Al
governance, cybersecurity, and SME
support; integration of EDIHSs into
European digital-strategy
implementation; emergence of a
maturing macro-analytical perspective
on EDIHs; uneven data coverage and
lack of post-2023 validation across EU
member states
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Table Aé6. Cont.

Theme

No. of Sources Representative References Key Insights

5. EDIHs and
Agrifood sector

scarce and fragmented literature with
systemic under-representation of the
agri-food sector within the

EDIH ecosystem;

predominance of conceptual and
isolated case analyses; advocacy for
bottom-up, co-generative innovation
models to address low digital literacy
and innovation deficits in marginal EU
regions; identification of infrastructure
and competitiveness challenges in
rural areas; importance of anchoring
DIHs in regional RIS3 strategies,
stakeholder-driven service design, and
effective communication of peer
technologies; evidence from Iberian
and JRC case studies emphasizing
regional embedding and connectivity;
sector-specific digitalization potential
in sub-sectors such as wine and

rural policy;

emergence of creative and cross-sector
collaboration models (e.g.,
art-industry partnerships); overall
depiction of a nascent, uneven, and
largely descriptive research stage; need
for systematic, empirical assessment of
agri-food EDIH performance and
policy integration

Lombardo et al. (2023 [84]);
Gernego et al. (2023 [85]);
Miorner et al. (JRC 2021
[86]); Alonso et al. (2021
[87]); Miranda et al. (2021
[88]); Aragones et al. (2022
[89]); Stojanova et al. (2022
[90]); Simek et al. (2022
[91]); O’Gorman et al.
(2023 [92])

Appendix D

As mentioned in Section 2 on materials and methods, after Section 3 on results was
finalized, the Artificial Intelligence Large Language Model (LLM) Claude Sonnet 4.0 was
used for summarizing

1. The main results in the Discussion Section (with the exception of Section 4.3, a discus-
sion regarding the main themes of the agri-food literature, which was written entirely
by the researcher) in order to aid in extracting the main emerging patterns from the
large body of results;

2. The research agenda presented in Section 4, in order to summarize it based on the
research gaps identified.

For the Discussion Section (with the aforementioned exception of Section 4.3), due to
limits in prompt sizes, the discussion sections corresponding to each DIH level of interaction
were generated in two phases. Firstly, for each of the four phases, the main paragraphs
of results corresponding to each group of articles (i.e., Thematic, including, for example,
studies on ecosystem building, or Methodological, including methodologies, ontologies,
practitioner literature, etc.) were prompted to the LLM with the instruction to “Rephrase,
summarize and discuss the articles in the following text amongst each other, concluding on
main themes when possible”. Then, for each of the four phases, the resulting main themes
were provided as input, with the following prompt “Write a short, summative paragraph
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about the [ ] level of a DIH based on the following themes, without mentioning the main
authors: [input]”.

The research agenda was generated by providing in a document, as text, the Results
Section (which was coded and entirely written by the human researcher) and prompt-
ing the LLM to “synthetize the underrepresented research directions and which require
further research”.

All the results offered by Claude Sonnet 4.0 then underwent line-by-line verification
(where the researcher cross-referenced every claim, pattern, or conclusion generated by
the LLM against the original coded data and extracted findings, ensuring that synthesized
statements accurately represent the underlying evidence) and source verification (by re-
questing the LLM to indicate which coded themes or source categories informed specific
conclusions in the first of the two stages of prompt engineering, allowing the researcher to
audit the synthesis process). The research agenda underwent further editing by the human
researcher in order to filter and improve the relevance of synthesized points.

In spite of the general tendency of LLMs to sometimes conflate similar themes and
oversimplify nuanced distinctions, the high-quality results, indicated by the sharp discus-
sion sections that resulted, show that LLMs such as Claude Sonnet 4.0 can serve as safe
and useful tools for synthesizing extensive results from literature reviews, particularly
when the underlying data has been carefully coded and organized by the researcher. LLMs
excel at identifying patterns, generating thematic summaries, and drawing cross-cutting
conclusions from structured qualitative data without introducing novel interpretations
beyond what the source material contains. When researchers provide pre-coded thematic
categories, extracted findings, and organized excerpts from their scoping review results,
LLMs function effectively as sophisticated synthesis engines that help transform granular
findings into coherent narrative summaries suitable for discussion sections. This approach
is particularly valuable for scoping reviews, which inherently involve large volumes of
diverse sources and thematic material—LLMs can efficiently synthesize across these themes
while maintaining fidelity to the researcher’s original coding and analytical decisions. Im-
portantly, since the researcher has already conducted the interpretive work through coding
and analysis, the LLM’s role becomes largely mechanical: identifying thematic connec-
tions, organizing information hierarchically, and articulating conclusions that are directly
traceable to the coded data rather than introducing independent interpretation. When
these verification procedures are systematically applied, LLM-assisted synthesis becomes a
transparent and auditable component of the analytical process, enhancing efficiency while
maintaining research rigor and integrity.

References

1. Coca, O.; Stefan, G.; Mironiuc, M. Empirical Evidences Regarding the Relationship between Innovation and Performance in the
Agriculture of European Union. Sci. Pap. Ser. Manag. Econ. Eng. Agric. Rural Dev. 2017, 17, 99-110.

2. Stefan, G. Considerations on the Theory of Economic Growth and Development. Procedia Soc. Behav. Sci. 2012, 62, 280-284.
[CrossRef]

3. European Commission. Key Figures on the European Food Chain: 2024 Edition; Statistical Office of the European Union (EUROSTAT),
Publications Office: Luxembourg, 2024. Available online: https://ec.europa.eu/eurostat/documents/15216629 /20555393 /KS-01-
24-000-EN-N.pdf/937addab-5089-aa08-3b95-bf0fa0beee3d?version=4.1&t=1741695672920 (accessed on 2 September 2025).

4.  Carpentier, E.; D’Adda, D.; Nepelski, D.; Stake, J. European Digital Innovation Hubs Network’s Activities and Customers—State of Play
Report 2024; Joint Research Center: Luxembourg, 2025. Available online: https://data.europa.eu/doi/10.2760/7784020 (accessed
on 25 October 2025).

5. Serrano-Ruiz, ].C.; Ferreira, J.; Jardim-Goncalves, R.; Ortiz, A. Relational Network of Innovation Ecosystems Generated by Digital

Innovation Hubs: A Conceptual Framework for the Interaction Processes of DIHs from the Perspective of Collaboration within
and between Their Relationship Levels. J. Intell. Manuf. 2024, 36, 1505-1545. [CrossRef]


https://doi.org/10.1016/j.sbspro.2012.09.045
https://ec.europa.eu/eurostat/documents/15216629/20555393/KS-01-24-000-EN-N.pdf/937addab-5089-aa08-3b95-bf0fa0beee3d?version=4.1&t=1741695672920
https://ec.europa.eu/eurostat/documents/15216629/20555393/KS-01-24-000-EN-N.pdf/937addab-5089-aa08-3b95-bf0fa0beee3d?version=4.1&t=1741695672920
https://data.europa.eu/doi/10.2760/7784020
https://doi.org/10.1007/s10845-024-02322-5

Agriculture 2025, 15, 2305 36 of 40

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Wintjes, R.; Vargas, F. Digital Innovation Hubs: Insights from European Experience in Supporting Business Digitalization; The Institutions
for Development Sector: 2023. Available online: www.iadb.org (accessed on 1 September 2025).

Gavkalova, N.; Gladysz, B.; Quadrini, W.; Sassanelli, C.; Asplund, F.,; Ramli, M.R; Detzner, P.; Deville, ].; Dragic, M.; van Erp, T.;
et al. Digital Innovation Hubs and Portfolio of Their Services across European Economies. Oeconomia Copernic. 2024, 15, 59-94.
[CrossRef]

Coca, O.; Mironiuc, M.; Panzaru, R.L.; Cretu, A.; Stefan, G. Exploring the Statistical Association between the Economic,
Environmental and Innovative Areas of Performance: The Case of European Union Agriculture. Rom. Agric. Res. 2020,
37,253-261. [CrossRef]

Coca, O.; Mironiuc, M. Empirical Evidence Regarding the Influence of the Cooperation Relations in the Innovation Process on
the Innovational Performance among EU Member Countries. In Innovation Management and Sustainable Economic Competitive
Advantage: From Regional Development to Global Growth, Proceedings of the 26th International Business Information Management
Association Conference (IBIMA); IBIMA Publishing: Madrid, Spain, 2015; pp. 2934-2940.

Snyder, H. Literature Review as a Research Methodology: An Overview and Guidelines. ]. Bus. Res. 2019, 104, 333-339. [CrossRef]
Tricco, A.C,; Lillie, E.; Zarin, W.; O’Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.].; Horsley, T.; Weeks, L.;
et al. PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and Explanation. Ann. Intern. Med. 2018, 169, 467-473.
[CrossRef]

Sassanelli, C.; Terzi, S. The D-BEST Reference Model: A Flexible and Sustainable Support for the Digital Transformation of Small
and Medium Enterprises. Glob. |. Flex. Syst. Manag. 2022, 23, 345-370. [CrossRef]

Kalpaka, A.; Sorvik, J.; Tasigiorgou, A. Digital Innovation Hubs as Policy Instruments to Boost Digitalisation of SMEs—A Practical
Handbook & Good Practices for Regional /National Policy Makers and DIH Managers; Joint Research Center: 2020. Available
online: https://ec.europa.eu/jrc (accessed on 25 October 2025).

Georgescu, A.; Peter, M.K,; Avasilcai, S. A Business Ecosystem Framework for SME Development through Associative and
Non-Associative Business Structures in the Digital Age. Cogent Bus. Manag. 2022, 9, 2143310. [CrossRef]

Georgescu, A.; Peter, M.K.; Avasilcai, S. Associative and Non-Associative Business Structures: A Literature Review for the
Identification of Business Development Opportunities for SME in the Digital Age. In Marketing and Smart Technologies; Reis, J.L.,
Peter, M.K., Cayolla, R., Bogdanovi¢, Z., Eds.; Springer Nature: Singapore, 2022; pp. 337-348. [CrossRef]

Georgescu, A.; Tudose, M.B.; Avasilcai, S. Digital Innovation Hubs: SMEs’ Facilitators for Digital Innovation Projects, Marketing
Communication Strategies and Business Internationalization. In Smart Innovation, Systems and Technologies; SIST; Springer:
Singapore, 2023; Volume 337, pp. 307-330. [CrossRef]

Georgescu, A.; Avasilcai, S. Transforming SMEs’ Digital Potential Through Associative Cooperation: The Analyses of Romanian Digital
Innovation Hubs; Springer: Singapore, 2025; pp. 521-530. [CrossRef]

Hadjimitsis, D.; Schreier, G.; Kontoes, H.; Ansmann, A.; Komodromos, G.; Themistocleous, K.; Neocleous, K.; Michaelides,
S.; Mamouri, R.; Papoutsis, I.; et al. The ERATOSTHENES Centre of Excellence (ECoE) as a Digital Innovation Hub for Earth
Observation. In Detection and Sensing of Mines, Explosive Objects, and Obscured Targets XXV; Isaacs, ].C., Bishop, S.S., Eds.; SPIE:
Online only, CA, USA, 2020; p. 29. [CrossRef]

Maurer, FP. Business Intelligence & Innovation: A Digital Innovation Hub as Intermediate for Service Interaction and System Innovation
for Small and Medium-Sized Enterprises; Springer International Publishing: Cham, Switzerland, 2021; pp. 449-459. [CrossRef]
Olszewski, A.; Pawlewski, P. Stakeholder Involvement Added Value Indicators in IT Systems Design for Industry 4.0 Digital
Innovation Hubs. In Smart and Sustainable Supply Chain and Logistics—Trends, Challenges, Methods and Best Practices; Golinska-
Dawson, P, Tsai, K.-M., Kosacka-Olejnik, M., Eds.; EcoProduction; Springer International Publishing: Cham, Switzerland,
2020; pp. 101-111. [CrossRef]

Sotirofski, I.; Kraja, G. Digital Innovation Hubs Transforming Business and Marketing Collaboration. Interdiscip. ]. Res. Dev. 2024,
11, 235. [CrossRef]

Georgescu, A.; Avasilcai, S.; Peter, M.K. Digital Innovation Hubs—The Present Future of Collaborative Research, Business
and Marketing Development Opportunities. In Marketing and Smart Technologies; Smart Innovation Systems and Technologies;
Springer: Berlin/Heidelberg, Germany, 2021; p. 205.

Jovanovic, K.; Schwier, A.; Matheson, E.; Xiloyannis, M.; Rozeboom, E.; Hochhausen, N.; Vermeulen, B.; Graf, B.; Wolf, P.; Nawrat,
Z.; et al. Digital Innovation Hubs in Health-Care Robotics Fighting COVID-19: Novel Support for Patients and Health-Care
Workers across Europe. IEEE Robot. Autom. Mag. 2021, 28, 40-47. [CrossRef]

Myllymaki, M.; Hakala, I. Robocoast Digital Innovation Hub to Promote Digitalization of Businesses in Finland. In Proceedings of
the 2024 21st International Conference on Information Technology Based Higher Education and Training (ITHET), Paris, France,
6-8 November 2024; pp. 1-7. [CrossRef]


www.iadb.org
https://doi.org/10.24136/oc.2757
https://doi.org/10.59665/rar3728
https://doi.org/10.1016/j.jbusres.2019.07.039
https://doi.org/10.7326/M18-0850
https://doi.org/10.1007/s40171-022-00307-y
https://ec.europa.eu/jrc
https://doi.org/10.1080/23311975.2022.2143310
https://doi.org/10.1007/978-981-16-9272-7_28
https://doi.org/10.1007/978-981-19-9099-1_21
https://doi.org/10.1007/978-981-96-3081-3_33
https://doi.org/10.1117/12.2567070
https://doi.org/10.1007/978-3-030-85969-5_42%C3%AF
https://doi.org/10.1007/978-3-030-61947-3_7
https://doi.org/10.56345/ijrdv11n1s136
https://doi.org/10.1109/MRA.2020.3044965
https://doi.org/10.1109/ITHET61869.2024.10837652

Agriculture 2025, 15, 2305 37 of 40

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Sassanelli, C.; Sarbazvatan, S.; Demetriou, G.; Greyl, L.; Mossa, G.; Terzi, S. Coalescing Circular and Digital Servitization
Transitions of Manufacturing Companies: The Circular Economy Digital Innovation Hub. In Advances in Production Management
Systems. Production Management Systems for Responsible Manufacturing, Service, and Logistics Futures; Alfnes, E., Romsdal, A.,
Strandhagen, J.O., Von Cieminski, G., Romero, D., Eds.; IFIP Advances in Information and Communication Technology; Springer
Nature: Cham, Switzerland, 2023; Volume 690, pp. 151-164. [CrossRef]

Doyle, E; Cosgrove, J. Steps towards Digitization of Manufacturing in an SME Environment. Procedia Manuf. 2019, 38, 540-547.
[CrossRef]

Lanz, M.; Reimann, J.; Ude, A.; Kousi, N.; Pieters, R.; Dianatfar, M.; Makris, S. Digital Innovation Hubs for Robotics—TRINITY
Approach for Distributing Knowledge via Modular Use Case Demonstrations. Procedia CIRP 2020, 97, 45-50. [CrossRef]

Lanz, M,; Latokartano, J.; Pieters, R. Digital Innovation Hubs for Enhancing the Technology Transfer and Digital Transformation
of the European Manufacturing Industry. 2020. Available online: https://inria.hal.science/hal-03520404 /document (accessed on
1 September 2025).

Vakirayi, T.; Belle, J.-P.V. Exploring the Role of Digital Innovation Hubs in Socioeconomic Development. In Proceedings of
the 2020 Conference on Information Communications Technology and Society (ICTAS), Durban, South Africa, 11-12 March
2020; pp. 1-5. [CrossRef]

Haukipuro, L.; Vdinamo, S.; Virta, V.; Perdla-Heape, M. Key Aspects of Establishing Research, Knowledge, and Innovation-Based
Hubs as Part of the Local Innovation Ecosystem. R D Manag. 2024, 54, 283-299. [CrossRef]

Ogrean, C.; Pirvu, B.C.; Herciu, M. Exploring Digital Needs in the Centru Region, Romania: A Comparative Cross-Sectoral Study.
Stud. Bus. Econ. 2024, 19, 348-368. [CrossRef]

Khan, U.A.; Kauttonen, J.; Kudryavtsev, D. AI Adoption in Finnish SMEs: Key Findings from AI Consultancy at a European
Digital Innovation Hub. In Proceedings of the2025 IEEE 23rd World Symposium on Applied Machine Intelligence and Informatics
(SAMI), Stara Lesna, Slovakia, 23-25 January 2025; pp. 000465-000470. [CrossRef]

Kanellopoulou, D.; Giannakopoulos, G.; Terlixidis, P. Embarking the Al Journey: Insights from Ahedd DIH on Greece’s (Potential)
Al Adopters. J. Innov. Entrep. 2025, 14, 45. [CrossRef]

Tanhua, D.; Tuomi, E.O.; Kesti, K.; Ogilvie, B.; Sahagtin, C.D.; Nicolas, J.; Rodriguez, A.; Pajares, J.; Banville, L.; Arcusin, L.; et al.
Digital Maturity of Companies in Smart Industry Era. Sci. Pap. Ser. Manag. Econ. Eng. Agric. Rural. Dev. 2024, 24. Available
online: https:/ /managementjournal.usamv.ro/index.php/scientific-papers/3845-digital-maturity-of-the-companies-in-smart-
industry-era (accessed on 1 September 2025).

Cotrino, A.; Sebastian, M.A.; Gonzalez-Gaya, C. Industry 4.0 HUB: A Collaborative Knowledge Transfer Platform for Small and
Medium-Sized Enterprises. Appl. Sci. 2021, 11, 5548. [CrossRef]

Sarraipa, J.; Zamiri, M.; Marcelino-Jesus, E.; Artifice, A.; Jardim-Goncalves, R.; Moalla, N. A Learning Framework for Supporting
Digital Innovation Hubs. Computers 2023, 12, 122. [CrossRef]

Nazarenko, A.A.; Zamiri, M.; Sarraipa, J.; Figueiras, P; Jardim-Goncalves, R.; Moalla, N. Integration of AI Use Cases in Training
to Support Industry 4.0. J. Adv. Inf. Technol. 2024, 15, 397-406. [CrossRef]

Rudawska, J. The One Stop Shop Model—A Case Study of a Digital Innovation Shop. Zesz. Nauk. Politech. Czgstochowskiej.
Zarzadzanie 2022, 47, 31-42. [CrossRef]

Babo, D.; Pereira, C.; Carneiro, D. Study of Digital Maturity Models Considering the European Digital Innovation Hubs Guidelines:
A Critical Overview. In Information Systems and Technologies; Rocha, A., Adeli, H., Dzemyda, G., Moreira, F., Colla, V., Eds.; Lecture
Notes in Networks and Systems; Springer Nature: Cham, Switzerland, 2024; Volume 800, pp. 208-217. [CrossRef]

Carolis, A.D.; Sassanelli, C.; Acerbi, F.; Macchi, M.; Terzi, S.; Taisch, M. The Digital REadiness Assessment MaturitY (DREAMY)
Framework to Guide Manufacturing Companies towards a Digitalisation Roadmap. Int. |. Prod. Res. 2025, 63, 5555-5581.
[CrossRef]

Semeraro, C.; Panetto, H.; Leal, G.; Guédria, W. Interoperability Maturity Assessment of the Digital Innovation Hubs. In
Proceedings of the 2nd International Conference on Innovative Intelligent Industrial Production and Logistics; SCITEPRESS—Science and
Technology Publications: Settibal, Portugal, 2021; pp. 67-74. [CrossRef]

Feltus, C.; Nicolas, D.; Khadraoui, D. Towards a Multidimensional Ontology Model for DIH-Based Organisations. Int. J. Knowl.
Syst. Sci. 2023, 14. [CrossRef]

Kanellopoulou, D.; Giannakopoulos, G.; Karkaletsis, V. Accelerating Al-Powered Digital Innovation through “APSS”: A Novel
Methodology for Sustainable Business Al Transformation. J. Open Innov. Technol. Mark. Complex. 2025, 11, 100495. [CrossRef]
Kanellopoulou, D.; Giannakopoulos, G.; Terlixidis, P.; Karkaletsis, V. Smart Attica EDIH: A Paradigm for DIH Governance and a
Novel Methodology for Al-Powered One-Stop-Shop Projects Design. In Human-Centred Technology Management for a Sustainable
Future (IAMOT 2024); Zimmermann, R., Rodrigues, J.C., Simoes, A., Dalmarco, G., Eds.; Springer Proceedings in Business and
Economics: Berlin/Heidelberg, Germany, 2025; pp. 151-159. [CrossRef]


https://doi.org/10.1007/978-3-031-43666-6_11
https://doi.org/10.1016/j.promfg.2020.01.068
https://doi.org/10.1016/j.procir.2020.05.203
https://inria.hal.science/hal-03520404/document
https://doi.org/10.1109/ICTAS47918.2020.233992
https://doi.org/10.1111/radm.12584
https://doi.org/10.2478/sbe-2024-0060
https://doi.org/10.1109/SAMI63904.2025.10883271
https://doi.org/10.1186/s13731-025-00509-5
https://managementjournal.usamv.ro/index.php/scientific-papers/3845-digital-maturity-of-the-companies-in-smart-industry-era
https://managementjournal.usamv.ro/index.php/scientific-papers/3845-digital-maturity-of-the-companies-in-smart-industry-era
https://doi.org/10.3390/app11125548
https://doi.org/10.3390/computers12060122
https://doi.org/10.12720/jait.15.3.397-406
https://doi.org/10.17512/znpcz.2022.3.03
https://doi.org/10.1007/978-3-031-45645-9_20
https://doi.org/10.1080/00207543.2025.2455476
https://doi.org/10.5220/0010653800003062
https://doi.org/10.4018/IJKSS.326764
https://doi.org/10.1016/j.joitmc.2025.100495
https://doi.org/10.1007/978-3-031-72494-7_16

Agriculture 2025, 15, 2305 38 of 40

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Rajkovi¢, 7. The Process of Establishing an Innovation Ecosystem as a Result of Knowledge Exchange Among Various Stakeholders
in the Blue Economy—The Example of the Strategic Project InnovaMare. Ph.D. Thesis, University North (University Centre
Varazdin), Varazdin, Croatia, 2025. Available online: https://repozitorij.unin.hr/en/islandora/object/unin%3A7642 (accessed
on 25 October 2025).

Gaiani, S.; Ala-Karvia, U. Digital Innovation Hubs as Drivers for Digital Transition and Economic Recovery: The Case of the
Arctic Development Environments Cluster in Lapland. In The European Digital Economy: Drivers of Digital Transition and Economic
Recovery; Taylor and Francis: Abingdon, UK, 2023; pp. 63-82. [CrossRef]

Crupi, A.; Sarto, N.D.; Minin, A.D.; Gregori, G.L.; Lepore, D.; Marinelli, L.; Spigarelli, F. The Digital Transformation of SMEs—A
New Knowledge Broker Called the Digital Innovation Hub. J. Knowl. Manag. 2020, 24, 1263-1288. [CrossRef]

Zamiri, M.; Marcelino-Jesus, E.; Calado, ].; Sarraipa, J.; Goncalves, R.]. Knowledge Management in Research Collaboration
Networks. In Proceedings of the 2019 International Conference on Industrial Engineering and Systems Management, IESM 2019,
Shanghai, China, 25-27 September 2019. [CrossRef]

Zamiri, M.,; Sarraipa, ].; Marcelino-Jesus, E.; Jardim-Goncalves, R. Supporting Mass Collaborative Learning Communities Through
Digital Innovation Hubs. In Proceedings of the 2023 24th International Conference on Control Systems and Computer Science
(CSCS), Bucharest, Romania, 24-26 May 2023; pp. 363-370. [CrossRef]

Marinelli, L.; Crupi, A.; Del Sarto, N.; Lepore, D. Unveiling Knowledge Ecosystem Dimensions for MSMEs’ Digital Transformation,
toward a Location-Based Brokerage. Technovation 2024, 136, 103086. [CrossRef]

Jurcic, M.; Strahonja, V. Factors Influencing European Digital Innovation Hubs as Intermediaries in Processes of Value Delivery
between Research Community and Industry, Available at SSRN. 2024. Available online: https://ssrn.com/abstract=5030001
(accessed on 1 September 2025).

Jurci¢, M.,; Strahonja, V. Conceptual Analysis of the Digital Innovation Hub as a Value Delivery System. In Proceedings of the 2020
Central European Conference on Information and Intelligent Systems (CECIIS), Varazdin, Croatia, 7-9 October 2020; Available
online: https://share.google/ AXCAdii8 WEiNzOhrK (accessed on 1 September 2025).

Lepore, D.; Testi, N.; Pasher, E. Building Inclusive Smart Cities through Innovation Intermediaries. Sustainability 2023, 15, 4024.
[CrossRef]

Spigarelli, F.; Compagnucci, L.; Lepore, D. Blockchain Unlocking Collaborative Opportunities for Environmental Sustainability
through Innovation Intermediaries. J. Technol. Transf. 2025, 50, 516-551. [CrossRef]

Colovic, A.; Caloffi, A.; Rossi, F; Russo, M. Institutionalising the Digital Transition: The Role of Digital Innovation Intermediaries.
Res. Policy 2025, 54, 105146. [CrossRef]

Sassanelli, C.; Terzi, S. Building the Value Proposition of a Digital Innovation Hub Network to Support Ecosystem Sustainability.
Sustainability 2022, 14, 11159. [CrossRef]

Zamiri, M.; Ferreira, J.; Sarraipa, J.; Sassanelli, C.; Gusmeroli, S.; Jardim-Goncalves, R. Towards A Conceptual Framework for
Developing Sustainable Digital Innovation Hubs. In Proceedings of the 2021 IEEE International Conference on Engineering,
Technology and Innovation (ICE/ITMC), Cardiff, UK, 21-23 June 2021; pp. 1-7. [CrossRef]

Dalmarco, G.; Teles, V.; Uguen, O.; Barros, A.C. Digital Innovation Hubs: One Business Model Fits All? In Smart and Sustainable
Collaborative Networks 4.0; Camarinha-Matos, L.M., Boucher, X., Afsarmanesh, H., Eds.; Springer International Publishing:
Berlin/Heidelberg, Germany, 2021; pp. 441-448. [CrossRef]

Anzivino, A.; Cantt, C.L.; Sebastiani, R. Orchestration Mechanisms in Sustainability-Oriented Innovation: A Meta-Organization
Perspective. J. Bus. Ind. Mark. 2025, 40, 1-18. [CrossRef]

Asplund, F; Macedo, H.D.; Sassanelli, C. Problematizing the Service Portfolio of Digital Innovation Hubs. In Smart and
Sustainable Collaborative Networks 4.0 (PRO-VE 2021); CamarinhaMatos, L.M., Boucher, X., Afsarmanesh, H., Eds.; 2021;
Volume 629, pp. 433—440. [CrossRef]

Rissola, G.; Sorvik, ]. Digital Innovation Hubs in Smart Specialisation Strategies Early Lessons from European Regions; Publications
Office of the European Union: Luxembourg, 2018. [CrossRef]

Hervas-Oliver, J.L.; Gonzalez-Alcaide, G.; Rojas-Alvarado, R.; Monto-Mompo, S. Emerging Regional Innovation Policies for
Industry 4.0: Analyzing the Digital Innovation Hub Program in European Regions. Compet. Rev. 2021, 31, 106-129. [CrossRef]
Hervas-Oliver, J.-L.; Artes Artes, A. The Digitization of European Business: The Digital Innovation Hubs, What Is Next? Digit.
Econ. (EDEI]J) 2021, 1, 39-58. [CrossRef]

Orazi, F; Sofritti, F. Innovation 4.0 Policies in Italy: Strengths and Weaknesses of the Innovation Ecosystem of the “Transition 4.0”
Plan from an International Perspective. Societies 2024, 14, 42. [CrossRef]

Lacovd, Z.; Vallugovd, A.; Kurdkova, 1. Digital Innovation Hubs as Examples of Cooperation to Foster the Digital Skills of
Employees in SMEs. In Cooperation and Enlargement: Two Challenges to Be Addressed in the European Projects—2022; Pellat,
G., Zafiroski, J., éuplata, M., Eds.; Studies in Systems, Decision and Control; Springer Nature: Cham, Switzerland, 2024;
Volume 500, pp. 239-259. [CrossRef]


https://repozitorij.unin.hr/en/islandora/object/unin:7642
https://doi.org/10.4324/9781003450160-7
https://doi.org/10.1108/JKM-11-2019-0623
https://doi.org/10.1109/IESM45758.2019.8948162
https://doi.org/10.1109/CSCS59211.2023.00064
https://doi.org/10.1016/j.technovation.2024.103086
https://ssrn.com/abstract=5030001
https://share.google/AXCAdii8WEiNzOhrK
https://doi.org/10.3390/su15054024
https://doi.org/10.1007/s10961-024-10106-5
https://doi.org/10.1016/j.respol.2024.105146
https://doi.org/10.3390/su141811159
https://doi.org/10.1109/ICE/ITMC52061.2021.9570120
https://doi.org/10.1007/978-3-030-85969-5_41
https://doi.org/10.1108/JBIM-01-2023-0003
https://doi.org/10.1007/978-3-030-85969-5_40
https://doi.org/10.2760/475335
https://doi.org/10.1108/CR-12-2019-0159
https://doi.org/10.55234/edeij-1-1-002
https://doi.org/10.3390/soc14030042
https://doi.org/10.1007/978-3-031-42253-9_12

Agriculture 2025, 15, 2305 39 of 40

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.
84.

85.

Butter, M.; Gijsbers, G.; Goetheer, A.; Karanikolova, K. Digital Innovation Hubs and Their Position in the European, National
and Regional Innovation Ecosystems. In Redesigning Organizations: Concepts for the Connected Society; Feldner, D., Ed.; Springer
International Publishing: Berlin/Heidelberg, Germany, 2020; pp. 45-60. [CrossRef]

Sassanelli, C.; Panetto, H.; Guedria, W.; Terzi, S.; Doumeingts, G. Towards a Reference Model for Configuring Services Portfolio
of Digital Innovation Hubs: The ETBSD Model. In Boosting Collaborative Networks 4.0; Camarinha-Matos, L.M., Afsarmanesh,
H., Ortiz, A., Eds.; IFIP Advances in Information and Communication Technology; Springer International Publishing: Cham,
Switzerland, 2020; Volume 598, pp. 597-607. [CrossRef]

Sassanelli, C.; Gusmeroli, S.; Terzi, S. The D-BEST Based Digital Innovation Hub Customer Journeys Analysis Method: A Pilot
Case. In Smart and Sustainable Collaborative Networks 4.0, Camarinha-Matos, L.M., Boucher, X., Afsarmanesh, H., Eds.; Springer
International Publishing: Berlin/Heidelberg, Germany, 2021; pp. 460—-470. [CrossRef]

Sassanelli, C.; Terzi, S.; Panetto, H.; Doumeingts, G. Digital Innovation Hubs Supporting SMEs Digital Transformation. In
Proceedings of the 2021 IEEE International Conference on Engineering, Technology and Innovation (ICE/ITMC), Cardiff, UK,
21-23 June 2021; pp. 1-8. [CrossRef]

Sassanelli, C.; Terzi, S. The D-BEST Based Digital Innovation Hub Customer Journey Analysis Method: Configuring DIHs Unique
Value Proposition. Int. J. Eng. Bus. Manag. 2022, 14, 18479790221124634. [CrossRef]

Sassanelli, C.; Razzetti, S.; Quadrini, W.; Gusmeroli, S.; Terzi, S. Digital Innovation Hubs Proposing Digital Platforms to Lead
the SMEs Digital Transition. In Proceedings of the Workshop of I-ESA’22, Valencia, Spain, 23-25 March 2022. Available online:
https:/ /share.google/SjdvH1sltWqBHXx0Ek (accessed on 1 September 2025).

Razetti, S.; Gusmeroli, S.; Terzi, S.; Sassanelli, C. L-BEST: Adding Legal and Ethical Services to Manage Digital Innovation Hubs
Portfolios in the Artificial Intelligence Domain. In Proceedings of the Workshop of I-ESA"22, Valencia, Spain, 23-25 March 2022.
Available online: https://ceur-ws.org/Vol-3214/WS8Paper3.pdf (accessed on 1 September 2025).

Haidar, H.; Sassanelli, C.; Costa-Soria, C.; Bas, A.O.; Doumeingts, G. Developing Performance Indicators to Measure DIH
Collaboration: Applying ECOGRAI Method on the D-BEST Reference Model. In Proceedings of the I-ESA Conferences (IESACONF,
Volume 11); Springer International Publishing: Berlin/Heidelberg, Germany, 2024; pp. 99-109. [CrossRef]

Quadrini, W.; Gladysz, B.; Terzi, S.; Sassanelli, C. Using the D-BEST Reference Model to Compare Italian and Polish Digital
Innovation Hubs. In Proceedings of the CEUR Workshop Proceedings, Valencia, Spain, 23-25 March 2022. Available online:
https:/ /share.google/PixIKK6j5xJnJDeml (accessed on 25 October 2025).

Voros, N. SMART4ALL—Technological Challenges and Funding Opportunities in the Areas of Balkans and Eastern Europe. In
Proceedings of the 2020 9th Mediterranean Conference on Embedded Computing, Budva, Montenegro, 8-11 June 2020. Available
online: https:/ /ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=9134065 (accessed on 1 September 2025).

Queiroz, J.; Leitao, P.; Pontes, J.; Chaves, A ; Parra, J.; Perez-Pons, M.E. A Quality Innovation Strategy for an Inter-Regional Digital
Innovation Hub. ADCAIJ Adv. Distrib. Comput. Artif. Intell. ]. 2020, 9, 31-45. [CrossRef]

Volpe, M.; Veledar, O.; Chartier, I; Dor, I; Silva, ER,; Trilar, J.; Kiraly, C.; Gaffuri, G.; Hafner-Zimmermann, S. Experimentation of
Cross-Border Digital Innovation Hubs (DIHs) Cooperation and Impact on SME Services. In Smart and Sustainable Collaborative
Networks 4.0; Camarinha-Matos, L.M., Boucher, X., Afsarmanesh, H., Eds.; Springer International Publishing: Berlin/Heidelberg,
Germany, 2021; pp. 423-432. [CrossRef]

Dyba, W.; Maria, E.D.; Chiarvesio, M. Actions Fostering the Adoption of Industry 4.0 Technologies in Manufacturing Companies
in European Regions. Investig. Reg. 2022, 2022, 27—46. [CrossRef]

Ujwary-Gil, A.; Godlewska-Dziobon, B. Digital Innovation Hubs: Two-Mode and Network-Based View on Technology and
Services Provided. Eur. Conf. Knowl. Manag. 2022, 23, 1202-1211. [CrossRef]

Georgescu, A.; Tudose, B.M.; Avasilcai, S. Digital Transition, Digital Innovation Hubs and Economic Development—An EU Case
Study. In Proceedings of the 8th Review of Management and Economic Engineering International Management Conference:
“Management Challenges and Opportunities in a Post-Pandemic Reality”, Cluj-Napoca, Romania, 22-24 September 2022.
[CrossRef]

Georgescu, A.; Tudose, B.; Avasilcai, S. DIHs and the Impact of Digital Technology on Macroeconomic Outcomes. Rev. Manag.
Econ. Eng. 2022, 21, 248-260. Available online: https:/ /share.google/ WwgdubY6n37yOsPpx (accessed on 1 September 2025).
[CrossRef]

Czyzewska-Misztal, D. The European Union’s Approach to Artificial Intelligence from a Territorial Perspective: The Case of
DIHs and EDIHs Programmes. Pr. Nauk. Uniw. Ekon. We Wroctawiu 2024, 68, 1-11. [CrossRef]

Ruohonen, J.; Timmers, P. Early Perspectives on the Digital Europe Programme. arXiv 2025, arXiv:2501.03098. [CrossRef]
Lombardo, S.; Sarri, D.; Vieri, M.; Baracco, G. Proposal for Spaces of Agrotechnology Co-Generation in Marginal Areas. Atti Della
Soc. Toscana Di Sci. Nat. Mem. Ser. B 2018, 125, 19-24. [CrossRef]

Gernego, I.; Dyba, M.; Onikiienko, S. Challenges and Opportunities for Digital Innovative Hubs Development in Europe. Manag.
Theory Stud. Rural. Bus. Infrastruct. Dev. 2021, 43, 298-306. [CrossRef]


https://doi.org/10.1007/978-3-030-27957-8_3
https://doi.org/10.1007/978-3-030-62412-5_49
https://doi.org/10.1007/978-3-030-85969-5_43
https://doi.org/10.1109/ICE/ITMC52061.2021.9570273
https://doi.org/10.1177/18479790221124634
https://share.google/SjdvH1sltWqBHx0Ek
https://ceur-ws.org/Vol-3214/WS8Paper3.pdf
https://doi.org/10.1007/978-3-031-24771-2_9
https://share.google/PixlKK6j5xJnJDcml
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=9134065
https://doi.org/10.14201/ADCAIJ2020943145
https://doi.org/10.1007/978-3-030-85969-5_39
https://doi.org/10.38191/iirr-jorr.22.009
https://doi.org/10.34190/eckm.23.2.327
https://doi.org/10.5281/zenodo.10063855
https://share.google/WwgdubY6n37yOsPpx
https://doi.org/10.71235/rmee.70
https://doi.org/10.15611/pn.2024.2.01
https://doi.org/10.48550/arXiv.2501.03098
https://doi.org/10.2424/ASTSN.M.2018.3
https://doi.org/10.15544/mts.2021.26

Agriculture 2025, 15, 2305 40 of 40

86.

87.

88.

89.

90.

91.

92.

Miorner, J.; Kalpaka, A.; Sorvik, J.; Wernberg, J. Exploring Heterogeneous Digital Innovation Hubs in Their Context a Comparative Case
Study of Six (6) DIHs with Links to S3, Innovation Systems and Digitalisation on a Regional Scale; Publications Office of the European
Union: Luxembourg, 2019. [CrossRef]

Alonso, R.S; Sitton-Candanedo, I.; Perez-Pons, M.; Garcia, O.; Priesto, . An Edge-IoT Platform Aimed at Smart Farming and
Agro-Industry Scenarios. In Proceedings of the Workshop on Disruptive Information and Communication Technologies for Innovation and
Digital Transformation; Instituto Politécnico de Braganca: Braganga, Portugal, 2019.

Miranda, P.; Medina, ]. HUB4AGRI—Digital Innovation Hub for Portuguese Agri-Food Sector. In Proceedings of the Workshop on
Disruptive Information and Communication Technologies for Innovation and Digital Transformation; Instituto Politécnico de Braganca:
Braganca, Portugal, 2019.

Aragonés, M.M.; de la Vifia Nieto, G.; Fajardo, M.N.; Rodriguez, D.P.; Gaffey, ].; Attard, J.; McMahon, H.; Doody, P.; Ugarte, J.A,;
Pérez-Camacho, M.N; et al. Digital Innovation Hubs as a Tool for Boosting Biomass Valorisation in Regional Bioeconomies:
Andalusian and South-East Irish Case Studies. J. Open Innov. Technol. Mark. Complex. 2020, 6, 115. [CrossRef]

Stojanova, S.; Cvar, N.; Verhovnik, J.; BoZi¢, N.; Trilar, J.; Kos, A.; Duh, E.S. Rural Digital Innovation Hubs as a Paradigm for
Sustainable Business Models in Europe’s Rural Areas. Sustainability 2022, 14, 14620. [CrossRef]

Simek, P; Jarolimek, J.; Vaneék, J.; Kanska, E.; Charvat, K.; Kvapil, J.; Uhli#, P.; ZadraZil, F.; Hajek, P.; Berzins, R; et al. Innovation
Hub for Rural Areas and People. In Proceedings of the 9th International Conference on Information and Communication
Technologies in Agriculture, Food and Environment (HAICTA 2020), Thessaloniki, Greece, 24-27 September 2020.

O’Gorman, A.; Lauryn, M.; Efremenko, T.; Canina, M.; Redava, PI.; Puig, L.E.; Cangelosi, A.; Ferro, E; Dellino, F.; Gansbeke, R.V.;
et al. MUSAE: Fusion of Art and Technology to Address Challenges in Food and Health. Nutr. Bull. 2024, 50, 120-131. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.2760/19710
https://doi.org/10.3390/joitmc6040115
https://doi.org/10.3390/su142114620
https://doi.org/10.1111/nbu.12723

	Introduction 
	Short History of the Development of the ENDIH 
	Research Aim and Contribution to the Literature 

	Materials and Methods 
	Study Selection 
	Data Extraction 

	Results 
	Literature Review of Papers Not Related to Agri-Food 
	The DIH Level (Internal) 
	The DIH Ecosystem Level (External) 
	The EDIH Ecosystem Level (Supra-National) 
	The ENDIH Level (Pan-European) 

	Literature Review of Papers Related to the Agri-Food Sector 

	Discussion 
	Discussion Regarding the Volume of Publications at Each Level of EDIH Interaction 
	Discussion Regarding Main Themes of EDIH Non-Agri-Food Literature for Each Level of EDIH Interaction 
	Discussion Regarding Main Themes of Agri-Food Literature 
	Discussion of Methodological Limitations of EDIH Literature 
	Research Agenda for Further Research 

	Conclusions 
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	References

