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Abstract
Purpose – This paper aims to provide a contribution on the diffusion of Industry 4 (I4.0)-related knowledge
in industrial districts (IDs). The main goal is to examine the dissemination of I4.0 knowledge, exploring the
main mechanisms for its spreading and highlighting the main factors shaping such processes. Focus is on
dissemination processes in IDs active in traditional industries, which could represent the “periphery” of I4.0
application context.
Design/methodology/approach – The methodology is qualitative. Notably, this paper presents a case
study of the Pesaro ID specialized in furniture/woodworking machinery sector. A total of 18 in-depth one-to-
one interviews have been conducted with relevant informants from a variety of organizations within the
cluster: companies, institutions and universities.
Findings – The complexity of I4.0 requires a combination of traditional mechanisms with innovative ones
within IDs characterized by the emergence of new players, activities and resources. These changes led to three
main evolving patterns: the horizon of I4.0 upgrading shows blurred boundaries in terms of sectors and
geographic location, the I4.0 diffusion appears fragmented in terms of initiatives and projects by both firms
and institutions and the dissemination of I4.0 knowledge pushes ID firms and institutions to pursue deliberate
initiatives leading to innovative forms of “collective” cooperation.
Originality/value – This paper contributes to both theory and practice. From the theoretical point of view,
this paper contributes to the literature on innovation in IDs and clusters on two interrelated grounds. First, it
provides further research on I4.0 and IDs and clusters. Second, it contributes to the stream of research on
knowledge creation and diffusion in IDs and clusters, providing empirically based insights over emerging
local learning processes in IDs. Moreover, relevant managerial and policy implications stem from the analysis.
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Paper type Research paper

1. Introduction
Firms agglomeration is a relevant phenomenon for economic and industrial development.
Economics and management scholars have examined in depth the features and the
evolution of industrial districts (IDs) and clusters, leading to relevant conceptual
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developments (Porter, 1998; Lazzeretti et al., 2014). Recently a stronger effort has been
placed on a better understanding of the evolution of IDs and clusters (Camuffo and
Grandinetti, 2011; Belussi and Sedita, 2012; Fornahl et al., 2015), with a main focus on the
changes in their knowledge processes (Alberti and Pizzurno, 2015), and on the opening to
outside sources and its effect on local knowledge circulation and exchange (Waxell and
Malmberg, 2007; Belussi and Sedita, 2012). Concepts such as “local buzz” and “global
pipelines” have been developed and adopted to gain an understanding of these processes
(Bathelt et al., 2004). Such changes are strongly affecting IDs active in traditional sectors,
which might be less prompt – in terms of business and technical culture – to absorb
technological innovations developed elsewhere (Parrilli, 2009; DeMarchi et al., 2017).

Another key phenomenon for economic and industrial development is the emergence of the
Industry 4.0 (hereafter I4.0) paradigm. It can be viewed as the fore-front of technological and
organizational innovations related to the exploitation of current advancements of information
technologies (Kagermann et al., 2013; Fitzgerald et al., 2014). The surge of the I4.0 paradigm is
pushing academic scholars to explore its diffusion in terms of adoption processes in business
firms (Horváth and Szab�o, 2019) and its overall impact on companies (Barrett et al., 2015;
Arnold et al., 2016; Müller et al., 2018). In-depth empirical analyses of I4.0 diffusion in industrial
clusters are still limited. A few insightful recent studies have started to assess whether and how
I4.0 approach is diffused within IDs and clusters and whether its technological and
organizational underpinnings could match the underlying inter-organizational processes in
contemporary industrial clusters (Götz and Jankowska, 2017; Hervas-Oliver et al., 2019). This
initial research effort is mainly focused on specific institutional projects – within the policy
setting – related to the introduction of I4.0, whereas less emphasis is placed on exploring the
variety of knowledge diffusion initiatives promoted – also in autonomy – by both business and
non-business actors within the ID, whose combination could generate increased awareness and
interest among ID firms. Therefore, the objective of this paper is to provide a contribution on
the patterns of diffusion of I4.0 in IDs through the analysis of the main dissemination
mechanisms and of the key factors shaping such processes. Themain focus is on dissemination
processes in IDs active in traditional industries, to analyze whether and how I4.0 approach is
diffused in apparently culturally distant business agglomerations, which could represent the
“periphery” of I4.0 application context (Eder, 2019). Notably, the research question (RQ)
addressed in this paper is the following:

RQ1. How is Industry 4.0-related knowledge spread in IDs active in traditional
industries?

Thus, this paper represents a complementary contribution in the emerging research on I4.0
diffusion in IDs (Götz and Jankowska, 2017; Hervas-Oliver et al., 2019), in the light of its
focus on the main dissemination mechanisms. This research orientation could provide
useful insights to the growing stream of studies on knowledge creation and learning
processes in IDs and clusters, placing emphasis on the degree of opening to outside sources
of knowledge and the main diffusion mechanisms (Belussi and Sedita, 2012; Balland et al.,
2016; Maghssudipour et al., 2020).

To answer this explorative RQ, a qualitative research methodology based on a case-
study approach is adopted. Notably, this paper is focused on the analysis of the furniture/
woodworking machineries ID located in Pesaro in Center Italy. The ID under investigation
has been very active in a traditional sector – furniture/mechatronic – and has been greatly
impacted by the economic crisis started in 2007–2008, showing a high degree of resilience. In
recent years, the cluster has been characterized by various initiatives – both at the firm and
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institutional level – aiming at promoting both technological and organizational upgrading of
district firms, with an increasing focus on I4.0 solutions.

The empirical analysis relies on the ARA (Activities – Resources – Actors) model
(Håkansson and Snehota, 1995) developed in the business network approach of IMP
(industrial marketing and purchasing) group (Håkansson et al., 2009). The ARA framework
allows to catch the complexity of the I4.0 knowledge diffusion in our empirical setting,
represented by a traditional Italian ID. Notably, traditional Italian IDs have been already
acknowledged as having a network-like structure based on a variety of key business
relationships among different actors, playing a major role in the local diffusion of innovation
(Bocconcelli et al., 2015).

Results show the upgrading in the type of knowledge dissemination mechanisms
adopted in the ID. The complexity of I4.0 seems to require a combination of traditional
mechanisms, shaped by the existing interaction patterns of the Pesaro ID, with innovative
ones, characterized by the emergence of new players, activities and resources. These
changes lead to three main evolving patterns:

(1) The horizon of I4.0 upgrading shows blurred boundaries in terms of sectors and
geographic location.

(2) The I4.0 diffusion appears fragmented in terms of initiatives and projects by both
firms and institutions.

(3) The dissemination of I4.0 knowledge pushes ID firms and institutions to pursue
deliberate initiatives leading to innovative forms of “collective” cooperation.

The paper is structured as follows. Section 2 is devoted to the analysis of the literature on
knowledge and innovation diffusion in IDs and on the emergence of I4.0 and its impact on
firms and IDs. In Section 3, the research objective and methodology are addressed. In
Section 4 – after a brief presentation of the historical evolution of the Pesaro ID – the main
findings of the empirical research are presented along three main phases of the diffusion and
dissemination of I4.0 knowledge:

(1) the pioneering phase;
(2) the dissemination effort; and
(3) the pursue of institutional upgrading.

Section 5 discusses the results of the analysis. Section 6 highlights the main contribution of
the study, proposes the future lines of research and outlines the main managerial and policy
implications.

2. Literature background
2.1 Innovation processes and knowledge exchanges in industrial districts
IDs represent a relevant and complex phenomenon in industrial organization which has been
extensively studied in the economics and management field, under various perspectives
(Belussi and Pilotti, 2002; Pietrobelli and Rabellotti, 2004; Ingstrup, 2013; Lazzeretti et al., 2014;
Hervas-Oliver et al., 2015). The increased interest on agglomerations of firms has spurred many
streams of research – in both conceptual and empirical terms – over the themes of IDs, clusters
and clustering processes (Speldekamp et al., 2020). Lazzeretti et al. (2014, p. 22) “identify the ID
as a particular kind of a more general category of clusters.” As the focus of this study is a
traditional ID, the existing literature on knowledge creation and innovation in IDs is discussed
and integrated with concepts deriving from the recent relevant contributions on clusters.
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IDs have been defined by Becattini (1990, p. 39) as “a socio-territorial entity which is
characterized by the active presence of both a community of people and a population of
firms in a naturally and historically bounded area.” IDs are a complex form of industrial
organization, whose main elements are the local production network composed by a
population of firms; the community of people sharing a feeling of belonging and common
identity; and the presence of the so-called “industrial atmosphere” (Marshall, 1920; Molina-
Morales, 2002; Belussi and Pilotti, 2002; Boix and Galletto, 2009). IDs are characterized by a
division of labor among local firms around a specialized sector, leading to increased efficient
exchanges and external economies (Marshall, 1920; Becattini, 1991). Besides firms, IDs are
influenced by the behavior of other key actors – such as local institutions, training
organizations, business associations and technological centers – providing resources in
terms of financial, normative and technical support (Coletti, 2010; Belussi and Sedita, 2012).
This complex web of relationships – including both business and non-business actors – is
embedded in strong social ties fostering trust and a sense of community in local networks
(Dei Ottati, 1994; Belussi and Pilotti, 2002) leading to a shared identity (Staber and Sautter,
2011).

A stream of research on IDs has focused on their evolution processes, leading to mature
stages and also to their decline (Belussi and Sedita, 2009; Hervas-Oliver and Albors-
Garrigos, 2014; Fornahl et al., 2015). Understanding how and why IDs evolve has been a key
concern for ID scholars, who have pointed out two main inter-related patterns: the opening
of the ID and the incremental innovation path. Various contributions highlight the
incremental opening of the ID system, because of the behavior of ID firms creating business
and technological linkages with actors outside the local ID (Becattini and Rullani, 1996;
Camuffo and Grandinetti, 2011; Belussi and Sedita, 2012; De Marchi and Grandinetti, 2016).
This has led to a reconfiguration of local relationships which are then combined with new
emerging partnerships with other firms and organizations, often located in other IDs. This
orientation has been pursued mainly by large firms, which have displayed increased
autonomy in their strategic behavior. One of the consequences has been the weakening of
social ties and the reduced role of key actors, such as institutions and business associations
(Camuffo and Grandinetti, 2011). A related pattern shaping the evolution of IDs concerns
their technological trajectory, influenced by the type and degree of innovation and by the
learning processes in place, generated by the interaction within and outside the ID (Camuffo
and Grandinetti, 2011; Belussi and Sedita, 2012; Hervas-Oliver et al., 2018).

One of the advantages possessed by IDs is their efficiency in stimulating the creation of new
knowledge and in promoting local learning mechanisms (Belussi and Pilotti, 2002). Thus, IDs
may be interpreted as cognitive labs or systems, as they are characterized by a high density of
knowledge accumulation, elaboration and circulation by means of various transfer
mechanisms, such as inter-organizational and interpersonal relations; observation or artifacts
and actions; mobility of human resources; and creation of new ventures (Becattini and Rullani,
1996; Maskell, 2001; Camuffo and Grandinetti, 2011; Grandinetti, 2011). Various studies claim
that spatial proximity in existing localized overlapping networks facilitates knowledge sharing
and thus innovation in clusters (Belussi and Pilotti, 2002; Carbonara, 2004; Boix and Galletto,
2009; Alberti and Pizzurno, 2015). Local networks function as key vehicles of knowledge
transfer and diffusion: being in the right place is necessary, but being in the right network is of
utmost importance (Boschma andTerWal, 2007).

However, geographical proximity is not enough per se to understand innovation in local
industrial networks (Alberti and Pizzurno, 2015). In fact, even if belonging to the same
cluster, firms might have a different degree of access to knowledge, depending on other
factors than spatial proximity, such as institutional, cognitive, organizational and social
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proximity and absorptive capacity (Cohen and Levinthal, 1990; Giuliani, 2005; Camuffo and
Grandinetti, 2011). Innovation is the outcome of the “heterogenous recombination of a
broader set of knowledge types” (Alberti and Pizzurno, 2015: 270), i.e. technological,
managerial and market knowledge, and thus it should be considered as a synergy of a firm’s
internal – i.e. absorptive capacity – and external resources – i.e. relational resources (Hervas-
Oliver andAlbors-Garrigos, 2009).

Interactive learning processes in IDs and clusters are organized in different ways,
depending on the tacit or codified nature of knowledge. A distinction is made between the
concept of “local buzz” and of “global pipelines”: local buzz refers to “the learning processes
taking place among actors embedded in a community by just being there,” whereas global
pipelines concern “the knowledge attained by investing in building channels of
communications to selected providers located in outside the local milieu” (Bathelt et al., 2004,
p. 31). Recent studies have shown the increasing variety and complexity of learning
mechanisms and processes, which rely on a mix of emergent (informal) and deliberate
(formal) knowledge structures, implemented locally and/or in connection with actors outside
the ID (Belussi and Sedita, 2012). Emerging or informal structures are those activated
unintentionally through networking and personal contacts, whereas deliberate or formal
structures are those planned, such as R&D interactions with distant partners (Belussi and
Sedita, 2012; Lazzeretti and Capone, 2016).

The literature on knowledge exchange in IDs and clusters has focused on the role of specific
actors – the “gatekeepers” – in the local dissemination of knowledge, in light of their “ability to
access external knowledge and construct a conversion process which deciphers external
knowledge and turns it into something locally understandable and useful” (Hervas-Oliver and
Albors-Garrigos, 2014, p. 431). Their role as brokers is concerned with searching for, absorbing
andmatching internal and external sources of knowledge, and then disseminating the resulting
knowledge within the cluster (Giuliani and Bell, 2005; Boschma and Ter Wal, 2007; Morrison,
2008; Hervas-Oliver and Albors-Garrigos, 2014). The role of gatekeeper can be played by
leading firms within the cluster (Morrison, 2008; Belussi and Caloffi, 2018) and by institutions,
research centers, universities, business associations and knowledge providers that operate as
local/global cognitive interfaces (Grandinetti, 2011). Leader firms – more oriented to medium-
long strategic views – tend to introduce more complex innovations within the cluster and to
influence the decisions of the local institutional actors (Albino et al., 1999; Corò and Grandinetti,
1999; Boschma and Ter Wal, 2007; Chiarvesio et al., 2010). Knowledge providers and local
institutions instead carry on activities to support the ID firms, as they offer support services
and at the same time provide innovation opportunities and act as repositories of knowledge.
Their role can be described as intermediary agents as they can act as brokers for the
development of relationships between district firms and potential external exchange partners
(Molina-Morales et al., 2002; Hervas-Oliver et al., 2012; Belso-Martinez et al., 2018). A few
studies investigate the role of universities as gatekeepers in IDs (Camuffo and Grandinetti,
2011; Cap�o-Vicedo et al., 2013). Universities can represent key knowledge providers, being a
source of specialized and updated knowledge, thanks to their international research networks’
pipelines (Muscio et al., 2012).

Innovation and learning processes in IDs are affected by the growing digitalization of
business processes and inter-firm interaction (Biggiero, 2006; Hervas-Oliver et al., 2019).
Digitalization questions the dichotomy of local buzz and global pipelines introduced by
Bathelt et al. (2004), as buzz has started to appear in distant networks through Internet-
based applications, which can be described as a “buzz without being there” (Moodysson,
2008, p. 452). Even if there seems to be a contradiction between IDs and clusters promoting
localized learning and new technologies enabling worldwide dispersion of activities, it has

Mechanisms of
Industry 4.0
knowledge

31

Downloaded from http://ftp.nowpublishers.com/cr/article-pdf/31/1/27/540160/cr-12-2019-0160.pdf by guest on 11 June 2026



been argued that these two patterns are not exclusive: IDs and clusters are of special
importance as they could provide mechanisms facilitating knowledge development and
dissemination, representing thus the possible answer to many challenges brought up by
digitalization (Götz and Jankowska, 2017). Recent contributions highlight that the path
toward digitalization in IDs and clusters could be affected by the impact of introduction of
I4.0-related knowledge and technologies, considered as a “disruptive innovation” (Hervas-
Oliver et al., 2018). The next section will explore the nature of I4.0 technologies and the
recent contributions in the literature on I4.0 in IDs and clusters.

2.2 Emergence of Industry 4.0
In the contemporary business environment, I4.0 has become a buzzword. Managers and
entrepreneurs are investing in I4.0 and factories are becoming “smart factories.” The term
“Industry 4.0” was first used by the German government in 2011, when Kagermann and
colleagues wrote an article about high-tech strategies to be applied in the country by 2020. In
2013, the “Industry 4.0 manifesto” was diffused by the German National Academy of Science
and Engineering (Kagermann et al., 2013). The concept of I4.0 “is often referred to as the fourth
industrial revolution and embraces a set of technological advances that are having a high
impact in the current industrial landscape” (Pereira and Romero, 2017, p. 1208).

The improvements that a company can achieve with the introduction of I4.0 technologies
are mainly three: “digitization of production-information systems for management and
production planning, automation-systems for data acquisition from the production lines and
using machines [and] linking manufacturing sites in a comprehensive supply chain” (Roblek
et al., 2016, p. 2).

Several studies investigated the achieved level of adoption of I4.0 technologies by
companies (Brancati and Maresca, 2017; Digital 360 Research – IBM, 2017; Brozzi et al.,
2018), showing a substantial level of diffusion, even if a higher pace of adoption is expected
in the next years and, predictably, the rate of adoption in large companies will be greater
than the one in smaller firms (Brancati and Maresca, 2017). However, despite an increasing
rate of adoption of I4.0 technologies, these studies show a general lack of awareness about
the potential business value they can generate, particularly by small firms (Osservatorio
Industria 4.0, 2018; AmCham (American Chamber of Commerce in Italy), 2018). What is still
missed by firms is a complete perception of the possible directions toward which the I4.0
innovation can lead them. Companies understand the relevance of the I4.0 change, but they
are still not able to foresee its possible future developments.

Indeed, I4.0, as a set of new technologies, does not constitute a disruptive change per se;
nonetheless, the use of I4.0 technologies implies a disruptive change in firms that is related
to the set of external and internal managerial implications to achieve major business
improvements (Hervas-Oliver et al., 2019). Internal changes refer mainly to changes in
operations, production lines, technical and digital tools (Frank et al., 2019), whereas external
changes concern changes in relationships with suppliers and customers, the integration of
new subjects as consultants or KIBS and the changing roles of firms in their networks (Hein
et al., 2019; Sklyar et al., 2019a, 2019b).

In the context of IDs, it is challenging to assess the future implications of I4.0, partially
because adopting disruptive innovations in IDs is highly complex, because of the nature of
IDs, which tend to innovate incrementally. The literature on this topic is still limited. Hervas-
Oliver et al. (2019) analyze the successful implementation of a place-based project of I4.0 in
the Castellon ceramic tile district. This study underlines a bottom-up approach of policies,
based on the involvement of relevant stakeholders and collective actors in decisional
processes, to generate spillovers and I4.0 innovation at the regional level. On the same
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wavelength is the work of Götz and Jankowska (2017) on formal clusters and I4.0 industrial
transformation, where it is argued that the knowledge diffusion mechanisms in clusters
could facilitate the upgrading in firms and institutions. Both studies look at empirical
settings where institutional actors play a leading role in diffusing I4.0 knowledge in IDs and
local clusters. It could be argued that this initial stimulating research effort could be
enriched by further empirical evidence over the variety of knowledge dissemination
mechanisms – related to I4.0 technologies – involving both business and non-business
actors in IDs.

3. Research objectives and methodology
This research aims to investigate the process of diffusion of I4.0 related-knowledge within a
traditional Italian ID. The explorative nature of the outlined RQ that aims to unveil the
process of spreading of I4.0-related knowledge within a particular context (i.e. an ID)
required the collection of rich empirical data around that cluster and, therefore, the use of a
qualitative methodology.

Notably, this paper applies a single case study methodology (Yin, 2003) of an industrial
cluster located in Center Italy, the Pesaro ID, specialized in the furniture and woodworking
machinery sector. Thus, consistent with extant work on clusters and IDs, the unit of
analysis is contextualized as the ID (Mitchell et al., 2014). The main advantage of such
methodology is local groundedness which helps to overcome limitations of quantitative
analysis, uncovering latent and basic social and institutional dynamics that underpin
patterns of interaction (Samarra and Belussi, 2006; Wolfe and Gertler, 2004). Moreover, case
study method has been already proven effective in the analysis of the specific issue under
investigation in this research (Belussi and Sedita, 2012; Hervas-Oliver et al., 2019).

The cluster has been chosen according to two distinct criteria:
(1) its specialization in a traditional industrial sector – furniture/mechatronics; and
(2) available evidence of undergoing projects related to I4.0 implemented by both local

institutions and businesses.

The empirical study was designed to have an overview as complete as possible on the I4.0
related-knowledge diffusion within the cluster and different sources of data have been used
consistently. The first data source was one-to-one, in-depth semi-structured open-ended
interviews (Cavana et al., 2001). To select interviewees, we compiled a list of companies,
institutions – universities, industry associations – professional consultants, based on local
and public industry documents and on two interviews with a key informant and with a
representative of the local Industrial Association. Within these categories, we chose
potential participants based on the preliminary information collected and asked them to
participate to the interview process. We completed 18 in-depth interviews during a four-
month period from September 2019 to January 2020. In some cases, for the more relevant
companies/organizations, we interviewed different people in different positions to
triangulate data and to have different perspectives (see Table 1). The interviews lasted for
approximately 1 h each, and were, in some cases, supplemented by written notes of the
interviewer. All the interviews were recorded and transcribed verbatim.

A second important data source was represented by the mapping of what we called the
knowledge dissemination “initiatives.” These include all the activities prompted by different
institutions (i.e. Region, universities, business associations, technology centers) and
businesses to widen and circulate information on I4.0 related-knowledge. Six typologies of
dissemination initiatives have emerged: workshops and conferences; training courses; R&D
projects; non-research business partnerships; industrial PhD scholarships; and public
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tenders. This classification is based on categories used in the ID/cluster literature (Alberti
and Pizzurno, 2015; Calignano et al., 2018). Each initiative has been coded in terms of
promoters, duration, membership, content and project horizon.

Dissemination initiatives were identified through official websites of the European
Union, of the Italian Government, of Regional Institutions – such as Marche Region and
Cluster Marche – of local actors – firms, technology centers and universities. Also, a search
through newspapers articles, annual reports from local knowledge providers, projects
presentations and reports and regional guidelines released from the Regional Government
has been used to map the initiatives.

Throughout interviews and secondary sources, we have been able to collect and map a total
of 83 dissemination initiatives (see Table 2). Each dissemination activity has been classified
according to different parameters (i.e. organizers and promoters, year, participants, content,
level of the initiative, speakers and follow-up). This mapping activity allowed to have a broad
picture of the process of diffusion initiatives of I4.0 knowledge in the ID.

In-depth interviews with cluster actors, the mapping of the knowledge diffusion
initiatives, along with desk-top reviews of secondary data (previous studies, media reports,
official documents and internal reports, official statistical data, websites and newspapers’
interviews) allowed us to monitor the process of I4.0 knowledge diffusion over time in the
2015–2019 period and to introduce in the study the process perspective that is crucial to
address the “how” nature of the RQ (Halinen and Törnroos, 2005). All these sources enhance

Table 1.
Interviewees’ profile

Company/organization/institution Interviewees

ACCENTURE
Consultancy

Senior Manager

BERLONI BAGNO
Furniture

Accounting Manager

BIESSE
Mechatronics/woodworking machineries

Innovation Manager
Service Marketing Assistant
Sophia Ambassador

CLUSTERMARCHE
Regional institution

Cluster and Project Manager

CONFINDUSTRIA
Industrial Association

Fiscal Financial Representative

COSMOB
Furniture Consortium

General Manager
Post-Doc Industrial Researcher (from University of Urbino)

IMAB
Furniture

HR and Organization Manager
Technical Area Manager

LCMOBILI
Furniture

Purchasing and Production Director

UNIVERSITY OF URBINO Professor of Quality Management – Tutor for a post-doc
industrial position in I4.0
Professor of Business Management – Supervisor of Industrial
PhD student (Biesse)
Professor of Computer Science – Representative in the
Stakeholders’ table for INNOPROVEMENT project
Professor of Computer Science – Expert in Machine learning
and IoT
KTO Representative

SINERGIA CONSULENZE
Consultancy

Founder and Senior Partner
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data reliability, because of both the composition of data sources and the relevant experience
of the interviewees over the issue under investigation. We based interview content on
theoretical considerations, and asked all interviewees about their role in the cluster, and
their perception of knowledge flows and exchange between actors within the cluster. All
data sources have been used in generating questions to be submitted to our interviewees and
to triangulate information and responses.

In addition, for some interviewed people, we also asked to draw network pictures.
Network pictures are graphical representation of the network of actors and relationships
around a specific theme (Ramos and Ford, 2011). This research tool has been proven
particularly useful when dealing with a novel theme such as I4.0 and when different people
within an organization are interviewed (Öberg, 2012).

Data analysis followed a systematic combining, i.e. we adopted an abductive approach
(Dubois and Gadde, 2002) in line with the explorative nature of the case research, based on
logic of investigation aimed at matching recursively theory and empirical observations.
Systematic combining is suitable for studying a new or under-researched phenomenon
while also paying attention to existing theories around the topic (La Rocca et al., 2017).
Finally, we coded the analysis into common themes in relation to the diffusion of I4.0
knowledge to link again empirical observations to theoretical knowledge. Through this
process, we consistently considered the question of what exists in extant literature and what
is novel, with a view to integrating appropriate literature. In doing this, we relied on the
ARA model developed in the IMP approach (Håkansson and Snehota, 1995) as the main
analytical framework that helped us to frame the discussion around these three layers. In
our perspective, ARA model is a powerful analytical tool in the data analysis and
interpretation because it allows to unveil “hidden network processes” (Ingemansson
Havenvid et al., 2016, p. 100) and the interactions and relationships between relevant actors,
activities and resources that are considered in the IMP perspective the actual fuel of
innovation networks (Rubach et al., 2017). Italian IDs have been recognized as network-like
structures based on long-lasting business relationships, notably in the context of learning
and knowledge diffusion (Bocconcelli et al., 2015). The case has been presented in three
different temporal phases (Quintens andMatthyssens, 2010).

4. Empirical findings
In this section, the main empirical findings are discussed. In the following section, we will
provide a brief description of the evolution of the Pesaro ID. Afterwards, the trajectory of
diffusion and dissemination of I4.0 related-knowledge is developed along the three main
phases.

Table 2.
Mapping of the
dissemination

activities

Typology
Year

Workshops and
conferences

Training
courses

R&D
projects

Non-research business
partnerships

Industrial PhD
scholarships

Public
tenders

2014 1 0 0 1 0 0
2015 0 0 0 2 1 0
2016 2 1 3 3 0 0
2017 13 1 0 7 0 1
2018 13 5 4 4 1 1
2019 15 0 0 3 1 0

44 7 7 20 3 2
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4.1 Evolution of the Pesaro industrial districts
This study is centered on the Pesaro ID, located in Center Italy in the Marche Region and
belonging to Pesaro-Urbino province. The growth path of the Pesaro district reflects the
traditional concept of ID given by literature, as it derives from the proximity of firms in the same
and contiguous sector that start to build a network of relationships. Historically, the ID arose in
the second postwar period by the appearance of the first furniture firms. Between the 50s and
the 60s, a great growth followed. The first firms to populate the district were mainly small
furniture-maker artisans. Only in the late 60s, the local production of woodworking machinery
originated in the same location and, from that point on, the two sectors grew together as a whole
ID (Musso, 2000). The following years witnessed a constant development of the ID, with the
entrance of new firms and the enlargement of the existing ones, also thanks to a series of
mergers and acquisitions by the leading furniture and mechanical companies. In the 2000s, the
Pesaro district was already one of the main Italian production sites for the wood furniture sector
and the 35% of the local economy was implemented around the furniture sector (Bocconcelli,
2004). Alongwith the growth of the economic actors in the ID, new institutional actors have been
set up to support the flourishing local wood furniture sector. In 1983, the specialized technology
center COSMOBwas established as a joint initiative of local public bodies, business associations
and firms, with the aim of helping local firms to gain competitiveness through the offering of
technological services, innovation and research solutions. The district has notably evolved in
time, showing a great dynamism and adaptation capability. The economic crisis of 2007/2008 hit
hard the economy of the ID until nearly 2010/2011 and led to a significant decrease in the
production and turnover. Some well-known companies have experienced crises – as Berloni
Furniture and Febal, whereas other companies have grown substantially, such as IMAB. Many
district SMEs suffered heavily in this period. However, the overall reaction of the local
companies has been positive and, since 2014, they have been improving their performance,
especially thanks to the implementation of product diversification (De Michele and Foresti,
2019). The exporting rate has experienced a great growth from 2009 on, achieving e453m in
2017 (Intesa Sanpaolo, 2018). In 2018, the Foundation Cluster Marche was established with the
support of the Regional Government and the involvement of local leading manufacturing and
service firms, to upgrade the local technological and managerial competences. In the Pesaro ID,
we can identify some leading firms, which represent a focal point for all the districts in terms of
innovation and growth. Among them, we can consider Biesse for the mechatronic sector (De
Michele and Foresti, 2019), and IMAB and Scavolini for the furniture one. Already in the 2014–
2015 period, the ID experienced a first wave of digitalization projects, in line with the global
trends (Fitzgerald et al., 2014). Nevertheless, the digital change has been pulled primarily by the
local leading firms, which invested on digital infrastructures in those years, whereas SMEs have
started gradually to follow the same path only in the recent years, implementing their first
digital projects (Intesa Sanpaolo, 2018).

Notwithstanding the overall resilience of the ID while facing the economic crisis and the
market changes, the degree of cooperation and sense of belonging have decreased in the
recent period. Both mechanical and furniture firms have been pursuing more autonomous
technological and marketing strategies outside the ID horizon, while both local large and
small firms have gradually reduced their involvement and commitment in local business
associations and in collective projects.

4.2 Trajectory of diffusion and dissemination of Industry 4.0 knowledge
4.2.1 Pioneering phase. Knowledge over I4.0 in the ID has been first introduced in the years
2015–2016 through the effort of a few local pioneers – mainly large firms, knowledge
providers and universities.
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Biesse has started to discuss about I4.0 with one of its key consulting partners –
Accenture – already involved in other innovative projects. Indeed, Accenture accumulated
knowledge about I4.0 technologies and in particular internet of things (IoT) applications
before cooperating with Biesse, even if in different business sectors. The Biesse CEO
Assistant for Innovation underlines the leading role of Biesse in approaching I4.0, at least in
the mechanical sector: “We have been absolutely the first one, the others [competitors]
followed us after one or even two years.” Biesse launched the project SOPHIA – an IoT
project started in 2016 – which, thanks to the installation of sensors in the machineries,
allows to receive data about their performance and functioning from customers worldwide.
For the design of SOPHIA project, some key competences were already available internally:

There is no discontinuity, meaning that Biesse invested in internal digitalization for years. In the
context of I4.0, Biesse found something already existing that could exactly be part of the stream,
the trend of I4.0 [. . .]. Digitization and automation are continuous processes in the company, the
real discontinuity of I4.0 is the IoT technology (Innovation Manager – Biesse).

Other local firms – not belonging to the furniture/woodworking cluster – have started early
on with I4.0 projects. Benelli Armi – active in the gun sector – approached I4.0 in 2016, when
the Plant Manager took part into a study tour in Stuttgart to learn more about the I4.0
industrial model (Fabbrica Futuro, 2018). Benelli Armi started investing in I4.0, especially
through the expansion of the industrial plant with a space entirely dedicated to I4.0
technologies for the completely automated material handling: it hosts AGV, beacon and
cobots (StartUp Grind, 2018). Another key local firm – not belonging to the furniture ID – is
Schnell, which implemented I4.0 technologies already in 2016. The company invested in the
adoption of a robot called APPS with a supporting role in the production line. In the same
year, Schnell contacted the Department of Computer Science of the University of Urbino:

[. . .] just to know more about the opportunities that could stem from I4.0 technologies. [. . .] They
decided to contact us after they had known about Biesse and SOPHIA project. They were curious
about the possible applications in their sector. This first contact did not develop further. But I
know that some of our students have been hired in Schnell (Professor of Computer Science –
Expert in Machine learning and IoT – UniUrb).

The dynamism of these companies over I4.0 trajectory has become visible in the local ID –
through the press and the local business association – and other companies have started to
monitor and follow their evolution. In particular, Benelli Armi has been very open for
organizing business meetings and visits – involving local institutions and companies – to its
plant. In addition to these high-tech companies, the two local universities based in Ancona and
Urbino have started R&D projects and courses on I4.0-related themes. The Marche Polytechnic
University (Ancona) undertook various research activities and analysis concerning I4.0 in this
early phase. This is the case of research and teaching activities in the Engineering Department
of the University. The University of Urbino instead – more focused on social sciences and
humanities – began in this phase to establish only some contacts with local firms concerning
digitalization with the contribution of researchers belonging to the Computer Science
Department. The University of Urbino in this phase lacked an ad hoc strategy with regard to
I4.0 collaboration with local firms. The only formal initiative in this phase was the launch of an
industrial PhD on the themes of I4.0 by the Department of Economics with COSMOB.

The recognition of the potential positive impact of I4.0-related technologies pushed some
key local knowledge providers and technological centers to undertake activities to increase
their ability to assess and exploit these new technological opportunities. This is the case of
COSMOB, a technology center operating at international level, dedicated to the furniture sector.
COSMOB has been aware of the importance of research on these themes already since 2015–
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2016 and undertook different initiatives. It participated in a Regional call on Made in Italy and
Innovation, not explicitly addressing I4.0, but that paved the way to these themes, involving
more than 40 cluster firms. Concurrently, COSMOB financed the previously mentioned PhD
position on Additive Manufacturing in collaboration with the Department of Economics of the
University of Urbino. Sinergia – a local consulting company active both on management and
on IT consulting – became interested in I4.0 in the same years through a business trip to
Germany with Benelli Armi. This initiative made them aware about the need of promoting
aggregation and collaboration with other types of institutions – i.e. universities and firms – to
address these disrupting themes: “We saw synergies with local universities and started to work
with them in some specific areas, such as Artificial Intelligence, Robotics, Vision-Based
Systems” (Founder and Senior Partner – Sinergia).

Therefore, in this phase, the pioneer companies and organizations have become
increasingly aware of the future impact and relevance of I4.0, even though they still did
not have a clear plan over the selection and adoption of I4.0-related knowledge and
technologies in their business processes, already implementing digital solutions.
Digitalization – in combination with automation processes – has been undertaken also by
some other key local furniture producers, such as Scavolini and FAB. The local
universities, instead, developed knowledge about I4.0 technologies building on their
previous research projects and their extensive network of international collaborations.

4.2.2 Dissemination effort. The approval of the “National plan on Industry 4.0 2017–
2020” by the Italian Ministry of Economic Development, placed I4.0 at the center of the
national debate on industrial policies. The plan allowed for high tax benefits for firms
undertaking investments on I4.0 technologies. This opportunity raises nation-wide interest
for I4.0 by industrial companies. Pesaro ID companies started considering the adoption of
these technologies, mainly to enjoy the tax incentives.

Local institutions instead took action to apply for financial resources for the
implementation of projects and initiatives – such as the establishment of digital innovation
hubs (DIHs) and competence centers – whose goal is the promotion and assistance over I4.0
projects toward local companies. Local institutions and business associations undertook
various initiatives to promote visibility to the government plan and to diffuse knowledge
about I4.0 technologies. On the one hand, various workshops and seminars have been held,
involving local and national experts on I4.0. At the regional level, the formal cluster –
Cluster Marche – played a key role as promoter and organizer of labs and projects. In
various events, local universities have been involved and this has allowed for establishing
initial contacts among local ID firms and the universities’ departments more active on I4.0.
Also, the Industrial Business Association promoted formal and informal initiatives to
involve firms in I4.0 and stimulate awareness on these topics.

In addition, ad hoc training courses have been organized to support companies in
becoming aware of the challenges related to the adoption of I4.0. The local Industrial
Business Association organized a course in collaboration with the School of Management
from the Polytechnic of Milan, previously involved in a national roadshow by the
National Federation of Industrial Companies. The course aimed at improving the
understanding of the potential of I4.0 and at providing concrete tools for firms to increase
the efficiency of production processes and systems. The course involved firms from
the mechanical sector belonging to the district, as well as local knowledge providers, and
aimed to provide an overall picture of both technological and managerial challenges
related to I4.0. Also, the Marche Polytechnic University organized a course on I4.0 based
on an interdisciplinary approach for both students and practitioners. The University of
Urbino organized a conference and a roundtable to discuss with local academics,
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businesses and business associations how to fully exploit the opportunities of I4.0. In
addition, the university organized a Summer School in Project Management, having an
impact on local companies active in digitalization processes. The HR and Organization
Manager of IMAB reports that:

[. . .] taking part to the Summer School in Project Management had a concrete impact on the
company as it made us aware over the upgrading of the digital management of processes.

The local pioneering firms further developed their path oriented toward I4.0 approach.
Biesse continued the implementation of the key project – SOPHIA. During the second phase
of the project, Biesse started spreading knowledge about SOPHIA through international
trade fairs. The further implementation of SOPHIA made Biesse more aware of the
implications of some I4.0 technologies – such as IoT, Sensoring and Big Data – and, as a
result, it launched an industrial PhD project in collaboration with the Department of
Economics of the University of Urbino. The project started in 2018 and concerned applied
research on I4.0 and servitization. For the development of SOPHIA platform, other research
institutions have been involved, such as the Marche Polytechnic University and the
Polytechnic University of Milan. These collaborations played a major role in “acquiring
competences in the phase of technical implementation of the project and in developing
concrete ideas” (Innovation Manager – Biesse).

COSMOB started specific projects, such as the FabLab, a digital manufacturing
laboratory, with the aim of creating a connection between I4.0 enabling technologies and the
local technical know-how. The FabLab is defined as:

[. . .] the innovative part of the technological center and has been used as a tool to involve local
businesses through the provision of services such as 3D printing and laser cutting (Post-Doc
Industrial Researcher – University of Urbino/COSMOB).

Sinergia Consulting has strengthened its collaboration with the Marche Polytechnic
University aiming to develop applied knowledge complementary to the core scientific and
technological capabilities held by the university. Sinergia grasped the need to “integrate
existing competences and to encourage skill transfer from the university” (Founder and
Senior Partner). In this sense, they started an industrial PhD scholarship in collaboration
with theMarche Polytechnic University to address I4.0 and artificial intelligence (AI).

In addition to the ID pioneers, in this phase, other local furniture companies have started
specific projects concerning I4.0-related technologies (see Table 3).

A common feature of these projects is the emphasis on digitalization of production and,
in some cases, there have been attempts to integrate products with I4.0 technologies. The
main sources of stimuli have been the suppliers of process technologies and the IT partners,
based both locally and outside the district. In most cases, the partnership for the
development of an I4.0 project came from previous partnerships with the software house or
consultant on other topics. All the firms involved in I4.0 projects in the ID are some of the
major representative firms in the district, such as IMAB, FAB and Scavolini. However, for
these ID firms, even the larger ones, the adoption of I4.0 technologies represented a difficult
and complex challenge. Other relevant ID firms have not invested thus far in I4.0 projects,
such as Berloni Bagno, because of the scarcity of resources and the negative perception of
the potential advantages offered by such technologies.

The emergence of awareness about I4.0 and the initial attempts to launch I4.0 projects
have pushed local institutions and business associations to plan and implement the first
monitoring activities. At the regional level, Cluster Marche has recently taken part in
Osservatorio 4.0, a regional committee composed of business associations, trade unions and
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Main I4.0 projects
promoted by ID
firms
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universities, with the aim of supporting regional intervention and to acquire data to identify
the main obstacles for the development and diffusion of I4.0, together with appropriate
solutions to better allocate resources through regional industrial policies.

4.2.3 Pursuance of institutional upgrading. The more recent period is characterized by a
stronger effort by regional institutions in providing a framework for further promoting and
supporting the development of I4.0 projects in local companies, notably in SMEs. The
Regional Government becomes aware that the complexity of I4.0 requires stronger
coordination. This effort is based on various specific policy measures:

� the establishment of DIHs and competence centers;
� the financing of advanced projects proposed by local companies; and
� the active promotion of cooperation between firms and universities, mainly through

industrial PhD projects and multilateral R&D projects.

The stronger effort by the Regional Government has received a mixed feedback by local
institutions and companies. On the one hand, the financial support has been welcomed in the
light of the required investment scale for implementing I4.0 projects. On the other hand, the
unresolved fragmentation of coordination activities over I4.0 themes is perceived as a
negative factor for the effectiveness of the limited resources for knowledge dissemination
and for promoting the awareness of the local late-comer firms, which might have difficulties
in choosing themost appropriate institutional and business partners.

The upgrading also took place through the establishment of the Regional DIHs, which
has been planned during the previous phase when the regional Industrial Association and
the regional Cluster Marche prompted a feasibility study for the creation of a digital
innovation center in the Marche Region and won a European Call within Horizon 2020. DIHs
should represent the main “gateway” to I4.0 for local companies. Their aim is creating a
network of “territorial innovation actors” to strengthen the level of knowledge and
awareness of the opportunities offered by digitalization and I4.0 and offer consultancy,
mentoring, training and assistance services for I4.0.

In addition to the upgrading of the regional and local institutional framework, local firms
show an increasing propensity to create more stable and formal networks to undertake I4.0
projects. On the one hand, some of the local cluster firms are involved in formal collaborative
projects promoted by the Regional Government. This is the case of the regional platform
aimed to create a laboratory of excellence to encourage collaboration between businesses
and universities on I4.0. Another project started in 2018 is INNOPROVEMENT, where a
working group – which includes the cluster firm IMAB and the universities of the Marche
Region – on I4.0 has been created. The representative of the Urbino University stated:

My feeling is that there is a lot of work to do in order to address the right policies for SMEs. The
main difficulties are linked to put together the objectives of the larger firms and those of the
SMEs. I believe that Universities will have a major role in this (Professor of Computer Science –
Representative in the Stakeholders’ table for INNOPROVEMENT project).

On the other hand, local active firms pursue aggregations to combine complementary
resources and capabilities. This is the case of Sinergia being an active member of Overlux, a
formal network including local firms – also academic spin-off firms from local universities –
and companies based outside the ID. This network of companies aims at leading businesses
toward I4.0 through the implementation of innovative solutions in IoT.

An emerging dissemination pattern is the “Open Factory” approach, after the recognition
by some of the key actors – the Industrial Business Association and the Cluster Marche – of
the effectiveness of initiatives organized in and by innovative companies active in I4.0
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projects. Cluster Marche started promoting this mode of knowledge exchange after
experiences with other partner formal clusters in Northern Italy. Promoting direct contact on
site with front-runner firms is perceived as a tool for pursuing knowledge contamination
and attract furniture producers and small firms having limited IT and technological
capabilities. Firms such as Benelli Armi – even though not active in the furniture sector –
have been keen on opening their offices and plants, also for a shared sense of belonging to
the local territory. These initiatives – proposed after a careful planning by these collective
actors – in various cases have prompted informal cooperations among participants, which
have been monitored in their evolution.

5. Discussion of results
This section attempts to provide an answer to the RQ stated in the introduction. First, it
summarizes and discusses the evolution of I4.0 knowledge dissemination along the various
phases, shown in the timeline in Figure 1. Then, it examines more in depth the dissemination
process using the ARA framework and focusing on actors, activities and resources. Finally,
it provides a synthesis of the distinctive dissemination patterns emerging from the empirical
analysis.

In the “pioneering phase,” knowledge about I4.0 has been introduced through the
explorative attitude of some key local players, which have autonomously established
external pipelines (Bathelt et al., 2004) and gained incremental awareness about the
complexity and the possible benefits of I4.0 technologies in the medium-long term. Formal
and informal interactions have been carried out with other actors – in Italy and abroad –
more skilled about the development of I4.0 technologies, which represent a body of
knowledge to a large extent “exogenous” (Albino et al., 1999) to the Pesaro ID. As soon as the
tax incentives have been publicly announced, a variety of ID actors – firms, institutions, IT
suppliers and knowledge brokers – have become interested in understanding the
implications of I4.0 upgrading. Since then, various types of initiatives for knowledge
diffusion have been set up by institutions, business associations and knowledge providers,
with the involvement of local and nationally based universities and technical experts. The

Figure 1.
Timeline of I4.0
knowledge
dissemination along
the three phases
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main goal was stimulating the awareness of local firms about I4.0 and accelerating the
involvement of local businesses in projects related to I4.0 technologies. After this phase
showing a remarkable dissemination effort, a more deliberate approach emerges among
both institutions and key players (Belussi and Sedita, 2012; Lazzeretti and Capone, 2016).
The Regional Government supports the implementation of DIHs linked to the main local
business associations to provide “interfacing” resources to support local firms in
undertaking I4.0 projects. The most active knowledge providers establish formal networks –
involving local and nationally based firms and universities – to integrate and consolidate
complementary knowledge and capabilities and to undertake complex R&D projects related
to I4.0. In the meanwhile, the local collective actors – business associations and formal
clusters – promote an “Open Factory” approach to disseminate knowledge about I4.0 and
thus stimulate contamination and emulation by local firms.

The diffusion of I4.0 knowledge in the ID of Pesaro could be better understood discussing
in more depth the behavior of key actors, the nature of activities carried out and the relevant
resources at stake in the process, following the ARA model framework (Håkansson and
Snehota, 1995). It could be argued that the diffusion of I4.0 knowledge in the Pesaro ID has
been characterized by a combination of “traditional” and innovative dissemination patterns,
which have been shaped by the existing structure and interaction processes characterizing
the district in the recent years. Table 4 outlines a distinction of traditional/new actors,
activities and resources in place along the dissemination process.

Traditional ID actors have started approaching I4.0, even though with mixed attempts to
disseminate related knowledge. On the one hand, large ID firms, such as Biesse and IMAB,
pursued I4.0 projects following an “autonomous” approach – with respect to the local
technological trajectories and initiatives – already in place before the spreading of I4.0
interest (Belussi and Pilotti, 2002; Morrison, 2008; Belussi and Caloffi, 2018). They have set
up relationships with IT partners and universities developing a mix of local and national
relationships (Grandinetti, 2011), without an explicit and deliberate “district” horizon in
terms of knowledge diffusion. On the other hand, other key traditional actors – knowledge

Table 4.
Diffusion of I4.0 in

the Pesaro ID –

continuity and
innovation in actors,

activities and
resources

Actors Activities Resources

Traditional ID actors Traditional dissemination
activities

Traditional resources

Large furniture firms
Technology suppliers
COSMOB (Technological
Center)
IT suppliers
Consulting firms
Business associations
Regional government

Local business interaction
Local buzz
External pipelines
Workshops/Seminars
Training courses

Financial resources (corporate)
Furniture-making knowledge
Mechanical knowledge
IT/digital knowledge
Social ties

New actors New dissemination
activities

New resources

Large firms in different
sectors
Network alliances
Universities
Digital innovation hubs
Cluster initiatives
(Regional Government)

Open Factory initiatives
Industrial PhDs
Multilateral research
projects

Financial resources (national and
regional government programs on I4.0)
I4.0 technological knowledge
I4.0 managerial knowledge
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providers, business association and the Regional Government – have been very active in
their dissemination effort. Knowledge providers such as Sinergia and COSMOB have
attempted to fulfill their “mission” of knowledge providers and gatekeepers (Morrison, 2008;
Grandinetti, 2011) since the beginning of I4.0 diffusion in the Pesaro ID. They have actively
set up relationships with other local key actors and with partners outside the district
(Molina-Morales et al., 2002; Belso-Martinez et al., 2018). In this respect, they have been able
to maintain and consolidate a central role in the local innovation setting both as providers
and brokers of knowledge (Molina-Morales et al., 2002; Grandinetti, 2011; Belso-Martinez
et al., 2018). Sinergia has been able to integrate business-related and technological
knowledge while implementing consulting services in I4.0, whereas COSMOB has
attempted to translate I4.0 opportunities in furniture industry-specific projects, as its
FabLab project shows. I4.0 has represented a challenge also for local business associations.
Evidence shows a very active behavior by the local business associations in involving local
firms – mainly SMEs – through innovative approaches in knowledge dissemination. These
attempts have been even more difficult in the light of the long-time decreasing participation
of local firms in local business associations, and thus I4.0 has represented an opportunity for
local business associations to renew their role in the ID of Pesaro. I4.0 knowledge diffusion
has been a strategic goal pursued by the Regional Government, engaged in the promotion of
direct regional funding related to I4.0 projects and in the setting up of the DIHs. The
institutional setting is still in progress while being embedded in the already existing mix of
policy measures and procedures supporting local innovation processes within the smart
specialization strategy.

In parallel, new actors have emerged as key players in the ID in relation to I4.0
knowledge diffusion processes: large firms operating in different sectors, network alliances
promoted by local ID firms, local formal clusters, newly established DIHs and universities.
Large firms not belonging to the furniture industry – such as Benelli Armi and Schnell –
have been perceived by both local institutions and firms as key successful examples of I4.0
implementation. This orientation is further promoted by the active behavior of the regional
formal clusters led by Cluster Marche, as these collective actors in the digital context tend to
be “more cross-sectoral, horizontal and less geographically concentrated” (Götz and
Jankowska, 2017, p. 17). Universities have played an increasing role over time in the light of
their specialized knowledge about I4.0 technologies (Camuffo and Grandinetti, 2011; Muscio
et al., 2012; Cap�o-Vicedo et al., 2013). The I4.0 challenge has represented a key driver for a
higher involvement and integration of local universities into the Pesaro district, if compared
to the marginal role played in the past. Universities have been perceived by both institutions
and firms as sources of “global pipelines” (Benneworth and Hospers, 2007; Camuffo and
Grandinetti, 2011; Muscio et al., 2012; Cap�o-Vicedo et al., 2013) connected with advanced I4.0
knowledge sources based in Italy and abroad. It seems that cooperation among traditional
and new actors in the Pesaro ID is contributing to develop an emerging shared “sub-
identity” with regard to I4.0 approach and technologies (Hervas-Oliver et al., 2019), as it is
promoted actively by local gatekeepers engaged in I4.0-related knowledge translation as
Sinergia and COSMOB.

The increased complexity of the networks of actors has implied a shift and upgrading in
the nature of dissemination activities concerning I4.0 knowledge: traditional initiatives –
such as workshops, courses and formal/informal business interactions – have been
integrated by “collective” projects (Fornahl et al., 2015; Hervas-Oliver et al., 2019), such as
the Open Factory initiatives, the industrial PhD positions financed by the Regional
Government and the multilateral research projects involving firms, collective actors and
institutions of the ID and of the Marche Region. An innovative form of knowledge diffusion
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is the “Open Factory” approach, implemented by the local Industrial Business Association
and by Cluster Marche. It represents a form of “organized buzz,” being a deliberate and
planned attempt to foster informal interaction among firms, universities and institutions
(Belussi and Sedita, 2012). Collective actors engage in organizing the initiative, whereas the
provision of the knowledge content and the interaction is mainly left to voluntary
participants, willing to experience knowledge contamination and search for potential
knowledge providers, such as consulting firms, technology centers and universities. An
important role is played by the social underpinnings of the project, promoting on the one
hand social recognition for innovative firms, entrepreneurs and managers, on the other hand
igniting emulation by participants (Staber, 2009; Camuffo and Grandinetti, 2011).

The upgrading of dissemination activities has been driven by the combination of high
complexity of I4.0 knowledge – requiring complementary capabilities, notably technological
and managerial capabilities and aggregation of a variety of actors (Coletti, 2010; Belussi and
Sedita, 2012) – and the financial support and tax incentives provided by the national and
regional governments – pushing large firms to undertake large-scale R&D projects and SMEs
to approach in the majority of cases the first steps of the digitalization process (Hervas-Oliver
et al., 2019). Funding by the National and Regional Government has been crucial for raising
interest by local institutions and firms and for implementing the first R&D projects in the I4.0
context. Therefore, the monetary dimension is a key factor for explaining ID-based processes
concerning I4.0 (Perna et al., 2015). Another relevant factor is the degree of absorptive capacity
of local ID firms and institutions (Cohen and Levinthal, 1990; Giuliani, 2005; Camuffo and
Grandinetti, 2011). On the one hand, universities in the first place and pioneering firms – large
companies and knowledge providers – have been increasingly aware of the I4.0 opportunities
and implications and had already previous knowledge of the benefits and challenges of
digitalization processes. On the other hand, institutions, business associations and local firms –
mainly SMEs – have suffered initially their limited knowledge about I4.0 and have attempted
to fulfill this gap through participation to training initiatives and hiring qualified personnel. It
could be argued that, overall, the knowledge brokering effort has been initially impaired by the
limited awareness and knowledge about I4.0 technological and managerial opportunities and
challenges (Mittal et al., 2018).

In synthesis, this research shows that in the furniture ID of Pesaro the dissemination of
I4.0 knowledge has been characterized by three main interrelated patterns. First, the horizon
of I4.0 upgrading – in terms of focal actors, main activities and key resources – shows
blurred boundaries in terms of sectors and geographic location (Götz and Jankowska, 2017).
Most of the dissemination activities involve firms active in different sectors and have a
regional dimension, as ID firms and institutions have attempted to search for I4.0 expertise
in closer geographical areas. Second, the I4.0 diffusion shows a fragmentation of initiatives
of both firms and institutions; some firms – mainly large sized – have often pursued
autonomous paths involving selected partners (Belussi and Pilotti, 2002; Morrison, 2008;
Belussi and Caloffi, 2018), whereas institutions, public bodies and business associations
show both cooperative and competitive behavior, because of the conflicting objectives of
diffusing a complex type of knowledge – leading to institutional collaboration – and
searching for financial resources – leading to increased competition. This fragmentation is
shaped, on the one hand, by the reduced intensity of social ties experienced in the ID
community in the recent years, and, on the other hand, by the “explorative” orientation of
the various ID actors engaged in knowledge search. Moreover, the analysis of Pesaro ID
shows the lack of a specific policy/program targeting the ID as such, as instead other studies
on I4.0 diffusion in traditional IDs have shown (Hervas-Oliver et al., 2019). Third, the
diffusion of I4.0 knowledge – characterized by high complexity and by the integration of
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technological andmanagerial knowledge (Alberti and Pizzurno, 2015) – pushed ID firms and
institutions to pursue deliberate structured initiatives – allowing for informal and formal
interactions (Belussi and Sedita, 2012; Lazzeretti and Capone, 2016) – which in various
instances implied the experimentation of new interaction processes, leading to innovative
forms of “collective” cooperation (Leckel et al., 2020).

6. Conclusions
This paper presents and discusses an in-depth empirical research over the diffusion of I4.0-
related knowledge in the Pesaro ID in Italy active in a traditional industry such as the
furniture sector. This research contributes to the literature on innovation in IDs and clusters
on two interrelated grounds.

First, it provides further research on I4.0 and IDs and clusters (Götz and Jankowska,
2017; Hervas-Oliver et al., 2019), developing an in-depth analysis of the variety of knowledge
dissemination processes –where both institutions and firms are involved –mapped through
the ARA framework able to highlight key actors, activities and resources (Håkansson and
Snehota, 1995). Notably, our study on the traditional Pesaro ID points out three main
patterns:

(1) the horizon of I4.0 upgrading shows blurred boundaries in terms of sectors – firms
active in different sectors are involved – and geographic location, reaching the
regional dimension;

(2) the fragmentation of I4.0 diffusion in terms of initiatives and projects by both firms
and institutions; and

(3) the pursuit of deliberate and structured initiatives allowing for experimentation of
new interaction processes, combining formal and informal exchanges (Belussi and
Sedita, 2012; Lazzeretti and Capone, 2016; Leckel et al., 2020).

Second, this paper contributes to the stream of research on knowledge creation and diffusion
in IDs and clusters, providing empirically based insights over emerging local learning
processes in IDs (Belussi and Pilotti, 2002; Camuffo and Grandinetti, 2011; Belussi and
Sedita, 2012; Bocconcelli et al., 2015). Notably, the forms of “collective cooperation” in I4.0
projects represent innovative mechanisms linking traditional ID actors to technologically
advanced firms and organizations, fostering open localized learning and exploiting localized
social ties. These “collective” mechanisms could represent one key driver to renew the
cooperative interaction in IDs and clusters (Hervas-Oliver et al., 2019) and promote local
initiatives inspired to “open innovation” logics (Leckel et al., 2020), pushed by the self-
interest of those local firms available to commit time and resources (Munksgaard and
Medlin, 2014) to improve their absorptive capacity to join and exploit “selected” business
networks within and outside the ID (Belussi and Sedita, 2012). Each initiative could be
considered as a “temporary resource constellation and activity pattern in which the actors
form a distinct logic and develop new solutions in relation to each other” (Ingemansson
Havenvid et al., 2016, p. 86). The analysis of innovative knowledge diffusion projects –
linking ID/cluster studies and the IMP business network perspective – could therefore
contribute to the emerging conceptual debate on “temporary spatial clusters” (Palmer et al.,
2017).

This research has obviously limitations. First, the empirical analysis concerns the initial
phase of the spreading of I4.0-related knowledge in the Pesaro ID, which is still undergoing.
Therefore, this paper provides insights over in-progress processes and does not provide a
complete ex-post analysis. Second, the main goal is the mapping of the variety of
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dissemination processes; therefore, the in-depth analysis of specific initiatives is out of the
scope of this paper.

The phenomenon of I4.0 adoption in IDs and clusters deserves further empirical research
and conceptual development. Future research could focus on specific and interconnected
aspects that have been pointed out in this paper: the trajectory of specific I4.0 technologies,
the nature and features of key dissemination activities, the role played by new actors. Future
studies could examine more in depth the dissemination of knowledge of specific I4.0
technologies, such as IoT, AI and collaborative robotics, whose diffusion and
implementation in industrial clusters might follow different trajectories (Cucculelli and
Lena, 2017; Ingaldi and Ulewicz, 2019; Ivanov et al., 2020) and concern different types of
actors and dissemination mechanisms. Furthermore, additional research is needed on the
implementation of key I4.0 projects and initiatives – courses, PhD programs, bilateral and
multilateral R&D projects and regional programs – in IDs and their underlying interaction
processes – whose features might generate different kinds of knowledge diffusion
processes – in line with recent research (Götz and Jankowska, 2017; Hervas-Oliver et al.,
2019). Finally, future contributions on this phenomenon could explore the role of the main
actors, with a focus on those emerging firms and organizations – including collective actors
(Hervas-Oliver et al., 2019) – playing an innovative role in the I4.0 diffusion, such as formal
clusters, universities (Benneworth and Hospers, 2007) and ad hoc organizations such as
DIHs.

The empirical research undertaken in this paper has various managerial implications. First,
IDs and cluster firms should pay attention to the selection process of I4.0 knowledge providers.
Local knowledge brokers could provide assistance in fostering contacts with potential partners
based both inside and outside the cluster (Molina-Morales et al., 2002; Belso-Martinez et al.,
2018). Dissemination activities in the ID could represent useful opportunities for networking
with potential partners and for assessing the adequate type of investment in technology and
organizational innovations. Second, the evaluation and adoption of I4.0 technologies is a
complex process which requires establishing relationships also with universities, to develop
R&D projects, to hire qualified personnel and to address effectively both the technological and
managerial challenges of I4.0. Local universities might represent adequate partners for ID firms
– especially SMEs – if appropriate interaction mechanisms are in place, thus reducing the
“cognitive” distance between them (de Zubielqui et al., 2015). Third, firms in traditional IDs are
required to invest in human resources to evaluate and exploit I4.0 technologies. While firms
active in high-tech clusters might have a stronger cognitive proximity with I4.0-related
technologies (Götz and Jankowska, 2017), traditional cluster firms require strengthening their
absorptive capacity to interact with key actors, both inside and outside the cluster (Becattini
and Rullani, 1996; Camuffo and Grandinetti, 2011; Belussi and Sedita, 2012). Pursuing I4.0
trajectories in IDs requires “talent” in addition to technologies (Salter et al., 2000). Investment in
human resources could concern upgrading technical/IT functions, introducing hybrid positions
such as Innovation Managers and setting up industrial PhD positions in cooperation with
universities.

This research has also relevant policy implications. I4.0 technologies could represent a key
driver for renewal of traditional IDs (Hervas-Oliver et al., 2019) in terms of technological
upgrading and localized interaction patterns. This could not be easy in the light of their
increasingly fragmented setting in terms of business networks and social ties. First, institutions
need to be well-equipped in terms of I4.0 awareness and knowledge to plan and coordinate
effective dissemination activities. This research has shown that coordination of dissemination
activities could be impaired and slowed down by the limited expertise on I4.0 of institutions
and organizations promoting them. Second, previous knowledge of the existing needs by local
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businesses and of the actual interaction patterns over I4.0 in the local ID (Eklinder-Frick, 2016)
could make policy measures better “nested” in the ID networks and more effective in their
implementation (Hoholm and Araujo, 2017), thanks to the combination of “constructed
networks” and “emerging networks” (Rubach et al., 2017). As Rubach et al. (2017, p. 179) argue,
“there is a need to disrupt what is already happening, and at the same timemobilise support for
the “new” element from the existing actors.” This could help in avoiding fragmentation – and
the related frictions – in the institutional effort, using efficiently the resources available and
selecting the most appropriate dissemination mechanisms, thus leading to more effective
“informal district networking” (Belussi and Sedita, 2012). Stronger cooperation with local
universities and business associations could be useful in this regard (Camuffo and Grandinetti,
2011; Muscio et al., 2012; Cap�o-Vicedo et al., 2013). Universities – in the light of their specialized
I4.0 knowledge and neutral role in the eye of local stakeholders – could be placed at the core of
the main dissemination projects. The involvement of firms and organizations active in I4.0
technologies could provide opportunities to plan and launch “local open innovation” projects
(Leckel et al., 2020) by local institutions able to promote interaction processes based on
“collective cooperation.” Finally, it should be highlighted that the key driver for most of the ID
actors – besides the pioneering role of some large firms and institutions – has been the
monetary incentive offered by the National Government and implemented by the Regional
Government through its funding initiatives. The economic incentive is important, but it should
not be de-coupled by the promotion of awareness of I4.0 benefits through appropriate
dissemination activities; otherwise, ID firms would risk adopting new technologies without a
clear business/product strategy. The provision of financial assistance should be characterized
by a careful and fine-grained evaluation of the quality and goals of I4.0 projects proposed by ID
firms and by continuity in the medium-long term, to support the required technological and
organizational transformation.
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