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Abstract

Purpose –This paper aims to investigate the impact of Industry 4.0 (I4.0) technologies on knowledge creation
for innovation purposes by assessing the relationships among the variety of I4.0 technologies adopted (breadth
I4.0), the penetration of these technologies within the firm’s value chain activities (depth I4.0) and themediating
role of both internal (inter-functional (IF)) and external [with knowledge-intensive business services (KIBS)]
collaborations in this process.
Design/methodology/approach – The study employed a quantitative research design. By administering a
survey to entrepreneurs, chief operation officers or managers in charge of the operational and technological
processes of Italian manufacturing firms, the authors collected 137 useful questionnaires. To test this study’s
theoretical framework and hypotheses, the authors ran regression and mediation analyses.
Findings – First, the results highlight the positive link between breadth I4.0 and depth I4.0.Moreover, the results
show the key role played by increased collaboration among the firm’s business functions and by relationships
with KIBS in creating knowledge to innovate processes and products when I4.0 technologies are adopted.
Research limitations/implications – The variety of I4.0 technologies adopted enables a firm to use such
technologies in various value chain activities. However, the penetration of I4.0 into the firm’s value chain
activities (depth I4.0) does not per se directly imply the production of new knowledge, for which a firm needs
internal collaboration among different business functions, in particular with the production area, or
collaboration with external partners that favor I4.0 implementation, such as KIBS.
Practical implications – To achieve innovation goals by creating new knowledge, especially in the
manufacturing industries, firms should encourage internal and external collaboration when I4.0 technologies
are adopted. Moreover, policy makers should not only consider fiscal incentives for the adoption of such
technologies, but also encourage the building of networks between adopting firms and external actors.
Originality/value –The study is one of the first attempt that provides empirical evidence of how I4.0 enables
the creation of knowledge to innovate processes and products, highlighting the relevance of collaboration both
within the company and with external partners.

Keywords Industry 4.0, Inter-functional collaboration, KIBS, Knowledge creation, Product innovation,

Process innovation

Paper type Research paper

1. Introduction
The fourth industrial revolution, rooted in Industry 4.0 (I4.0), has drawn attention to the
innovation opportunities linked to enhanced data gathering and elaboration within an
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interconnected organization (Schwab, 2017). From this perspective, the emerging
technological scenario has crucial implications for manufacturing firms and their ability to
strengthen their competitive advantage through adequate I4.0 adoption and implementation
dynamics (Frank et al., 2019), with positive consequences at a broader national level (Edquist
et al., 2021).

As with previous technological waves (Hig�on, 2012; Reypens et al., 2016; Sawhney et al.,
2005), the new set of technologies promises to increase the knowledge available at the firm
level by relying on internal dynamics as well as through external collaboration (Bettiol et al.,
2020). The novelty of digital technologies included under the umbrella term of I4.0 – from 3D
printing to robotics and from big data to the Internet of Things (IoT) and artificial intelligence
(AI) – refers to their different technological features and characteristics (Culot et al., 2020). The
variety of the I4.0 technological portfolio has diverse advantages in terms of the business
domain of applications (B€uchi et al., 2020), new knowledge development and innovation of
processes, products and services (Agostini et al., 2020; Naeem and Di Maria, 2022).

A growing area of research is emphasizing that I4.0 may, in fact, sustain knowledge
processes through knowledge creation and innovation to support decision-making (de Bem
Machado et al., 2022). Scholars have investigated and questioned the possibility of developing
new knowledge, based on the huge amount of data generated by I4.0 technologies (Bettiol
et al., 2022; Pauleen and Wang, 2017). Studies focusing on collaboration suggest the
contribution of openness to effective I4.0 adoption in terms of knowledge sharing and
innovation results (Lepore et al., 2022; Messeni Petruzzelli et al., 2022).

Less attention has been devoted to evaluating how the variety of I4.0 technologies adopted
is related to their penetration throughout the various firm’s value chain activities – that is,
their “depth” (B€uchi et al., 2020), thus going beyond a focus on manufacturing – and if/how
such depth relates to knowledge creation (Bettiol et al., 2022). The rise of I4.0 has opened up
issues on the consequences of the contribution of manufacturing departments to innovation
outcomes and on the broader knowledge creation dynamics that go beyond the firm’s
boundaries (Ballestar et al., 2020; B€uchi et al., 2020; Culot et al., 2020; Saucedo-Mart�ınez
et al., 2018).

On the one hand, past research has suggested the relevance of inter-functional (IF)
collaboration as a driver for knowledge creation and innovation (Ulrich and Eppinger, 2000).
However, little attention has been given to how I4.0 could foster collaboration within (and
beyond) the firm (Schuh et al., 2014). In this respect, there is a need for research which further
investigates the consequences of an intra-organizational collaboration driven by I4.0
technologies. More specifically, research should analyze whether there is a relationship
among I4.0, collaboration among the different firm functions, or value chain activities, as
highlighted by Porter (1985) and knowledge creation, based on the multiple cognitive
perspectives of these functions (Dalenogare et al., 2018).

On the other hand, past research has emphasized the contribution of a manufacturing
firm’s external partners, such as knowledge-intensive business services (KIBS), to its
knowledge dynamics (Di Maria et al., 2012) as an important driver of innovation (Amancio
et al., 2022; Muller and Doloreux, 2009). Therefore, greater importance should be ascribed to
the possibility that firms can rely on KIBS for a successful implementation of I4.0
implementation in terms of knowledge creation and innovation.

The adoption and use of I4.0 technologies is a complex process for firms and, particularly,
for small and medium-sized enterprises (SMEs) due to cognitive, organizational and financial
resource constraints (Moeuf et al., 2019; Roblek et al., 2016). Nevertheless, research focusing
on the role of KIBS in the adoption of I4.0 technologies and its consequences in regard to
knowledge creation and innovation remains scant. Additional research is needed to provide a
better understanding of the role of KIBS in firms’ knowledge domains in relation to the I4.0
paradigm (Obradovi�c et al., 2021).
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The current paper aims at providing evidence of how the adoption of I4.0 technologies in
manufacturing firms could influence the process of knowledge creation to innovate processes
and products. The study achieves this aim by assessing both the variety of technologies
(breadth) adopted and their application in the various value chain activities (depth) within the
firm (B€uchi et al., 2020) and the role of both intra- and inter-organizational collaboration in
such a framework. Through the empirical analysis of 137 manufacturing adopting firms, the
paper contributes to outlining the relevance of internal and external collaboration for
knowledge creation (to innovate processes and products) rooted in I4.0 technologies. It also
suggests moving away from the simplistic view of technological drivers for knowledge
management at the firm level and stresses how the combination of inputs from multiple and
different actors affects knowledge creation within the fourth industrial revolution.

2. Theoretical framework
2.1 From breadth to depth in the adoption of I4.0 technologies
The concept of I4.0 embraces a large set of technologies with very different characteristics
(Agostini and Filippini, 2019; Culot et al., 2020; Osterrieder et al., 2020). There is no specific
consensus on the wide array of technologies mapped within the umbrella term of I4.0
(Chiarello et al., 2018; Zheng et al., 2019). Several studies classify and group I4.0 technologies
with respect to their impacts on production activities and/or other business processes.
According to Frank et al. (2019), I4.0 technologies can be grouped as front-end and back-end
technologies. The first group includes all technologies implemented in manufacturing and
supply chain processes (e.g. robotics, traceability technologies) as well as at product level
(e.g. 3D printing), enhancing business processes in terms of productivity, efficiency and
flexibility and allowing the firm to cope with market requests. The second group represents
the “backbone” technologies which enable improved data management and collaboration
within the firm and with external actors (e.g. big data, IoT, cloud). Developing this
breakdown, Bettiol et al. (2022) grouped I4.0 technologies based on their business area of
application and the processes supported, identifying three clusters: technologies to improve
operations and working activities (smart manufacturing); technologies enabling the
opportunity to customize products based on interaction with customers (also involving
marketing and R&D departments); and data-processing technologies.

Culot et al. (2020) propose a different view of I4.0 technologies by characterizing them
according to physical/digital integration and network connectivity and grouping them in four
clusters: physical/digital interface technologies, with a high share of hardware components
and an extended (outside the firm) connectivity (e.g. IoT); network technologies, coupling
software components and extended connectivity (e.g. cloud); physical/digital process
technologies, coupling hardware components and within-firm connectivity (e.g. 3D printing);
and data-processing technologies, coupling software components and within-firm
connectivity (e.g. big data analytics).

Interest in the variety of I4.0 technologies and their specific characteristics is not merely
descriptive, as each can exert its own specific influence on the competitiveness of the
adopting firm in terms of increased efficiency, flexibility and innovation capability (Bettiol
et al., 2022; Ghobakhloo, 2018). The cumulative and sometimes synergic effect generated by
the adoption of distinct technologies (Vogel-Heuser and Hess, 2016) is captured by the
concept of technological breadth, which can be used on any set of technologies (e.g. Autry
et al., 2010) and which B€uchi et al. (2020) applied to the context of I4.0 technologies. The
authors, measuring breadth based on 10 different I4.0 technologies, showed that wide
breadth enables the firm to exploit the opportunities offered by I4.0 more intensively. Using
the same conceptual framework, Oltra-Mestre et al. (2021) highlighted the positive impact
of breadth on the innovation performance of agri-food firms. In turn, the breadth
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(B€uchi et al., 2020) or intensity (Messeni Petruzzelli et al., 2022) of I4.0 technology adoption is
positively associated with high levels of organizational and managerial practices (Agostini
and Filippini, 2019; Laubengaier et al., 2022).

The different particularities of the various I4.0 technologies may accommodate the
requests and needs of the different activities within the value chain at the firm level or satisfy
business functions, and the specificities of data and business goals may drive the
technological adoption within each function (Saucedo-Mart�ınez et al., 2018). It follows that the
more the firm extends the adoption of specific technologies to the different stages of its
internal value chain, the higher its success in exploiting the benefits generated by the fourth
industrial revolution. This point was captured by the concept of depth, as proposed by B€uchi
et al. (2020). Unlike the well-known contribution of Laursen and Salter (2006), who refer to
depth to stress how intensively an external source of knowledge is used, in the perspective
adopted by B€uchi et al. (2020), depth aims at describing the extent to which I4.0 technologies
are diffused along the internal value chain of the firm (Porter, 1985).

B€uchi et al. (2020) address the depth of I4.0 technologies adopted by the firm as a factor
which is distinct from their breadth but works alongside the latter to positively influence
the firm’s competitive performance. However, the typologies of I4.0 technologies proposed
in the literature (Bettiol et al., 2022; Culot et al., 2020; Frank et al., 2019) suggest a positive
link between the variety of such technologies acquired by the firm (breadth) and the
number of value chain activities impacted (depth) by the various technologies adopted.
Such linkage takes on the dual form of integration and specialization. For instance, a
manufacturing firmmay introduce specialized robots or other devices in different activities
of the value chain, while IoT allows the integration of these activities (Colombari et al., 2023;
Saucedo-Mart�ınez et al., 2018). In light of these considerations, our first hypothesis is as
follows:

H1. The variety of I4.0 technologies adopted by a firm (breadth I4.0) is positively related
to the penetration of these technologies along the value chain activities within the
firm (depth I4.0).

2.2 I4.0 adoption, inter-functional collaboration and knowledge creation for innovation
A large and well-established literature on innovation management has shown that
innovations developed by firms require the contribution of a plurality of value chain
activities and interaction between them, that is, IF collaboration (de Medeiros et al., 2014;
Holland et al., 2000). From a knowledge perspective at the firm level, internal actors
(individuals or organizational units) with different specializations and backgrounds are
relevant (fromR&D to production tomarketing) for the creation of new knowledge associated
with innovation (Ganotakis et al., 2013; Nonaka and Takeuchi, 1995; Spender, 1996; Zhou and
Li, 2012). Knowledge creation can occur through the direct interaction between actors in a
team or through one actor’s autonomous use of knowledge acquired by others.

The development of information and communication technologies (ICT) gave new life to
the link between cross-functional collaboration and knowledge creation for innovation. The
potentialities of ICT for knowledge management and innovation have been widely explored
in past research (Davenport, 2007; Davenport and Prusak, 2000). In this field, scholars have
focused on how these technologies enable firms in their processes of exploring and exploiting
knowledge to innovate processes and products (Bolisani and Scarso, 1999; Corso et al., 2001).
Attention has focused on workers’ experience within the firm and their ability to enhance the
firm’s competitiveness through their knowledge (Davenport and Prusak, 1998).
Technological solutions help firms to transfer such knowledge from the individual to the
organizational level (Apostolou et al., 2007). In particular, where codification and tacitness are
tightly intertwined (Cowan et al., 2000), firms can exploit the potential connectivity of ICT to
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transfer knowledge among the different business functions and co-create knowledge (Brown
and Duguid, 2001).

I4.0 and the digital transition greatly expand the potentialities and opportunities which
arose from the ICT revolution (Bettiol et al., 2022). I4.0 technological advancements reflect a
basket of new digital technologies that could define new ways to acquire and manage
knowledge (Soto-Acosta and Cegarra-Navarro, 2016). In manufacturing firms, this
information enrichment not only affects operations, but also the other business functions
of the firm (Saucedo-Mart�ınez et al., 2018), such as marketing (Achrol and Kotler, 2022) and
human resources (Pillai et al., 2022). The huge amount of data that the new technologies
enable firms to gather from deep within their value chain can be analyzed with more
advanced data-processing analytics and AI solutions (Davenport, 2013, 2018), thus
interconnecting different business functions (e.g. operations, marketing, sales, logistics).
From this point of view, the firm can obtain additional knowledge related to its processes and
products by integrating the multiple functions involved (Paschen et al., 2019). Doing so lays
the groundwork for developing not only process and/or product innovations (Ghobakhloo
and Fathi, 2020; Szalavetz, 2019; Tan and Zhan, 2017), but also an entirely new business
model (M€uller et al., 2018), as in the case of the disruptive digital servitization strategies
pursued by both business-to-business (B2B) and business-to-consumer (B2C) manufacturing
firms (Paiola et al., 2022; Suppatvech et al., 2019).

In this scenario, the collaboration among functions to support knowledge creation for
innovation purposes, driven by I4.0 technological investments, gains in importance. IF
collaboration includes different collaborative practices: (1) coordination (sharing resources
and moving toward congruent goals), (2) cooperation (cross-functional activities) and
(3) communication (information-sharing and sense-making activities that allow goals or
visions of technological innovation to be promoted among the functional subunits of a firm)
(Kim and Hur, 2022; Schuh et al., 2014). In this framework, the variety of I4.0 technologies can
favor collaboration along all three dimensions of collaborative practices by enhancing:
a) coordination, for instance in terms of traceability of activities or end-to-end standardized
reporting; b) cooperation, for example, through shared virtual objects (virtual reality or
augmented reality); and c) communication, for example through data sharing and real-time
communication dynamics.

In short, if knowledge creation for innovation purposes traditionally leverages IF
collaboration, the latter now finds powerful support in I4.0 technologies. Indeed, these
technologies increase the firm’s wealth of information useful for innovation by connecting
differently specialized activities within the firm with external sources of information. This
connection fosters information exchange and collaboration among business functions and
enhances the firm’s ability to combine and process information and knowledge from different
sources to produce new knowledge. Hence, the following hypotheses are proposed:

H2a. The penetration of I4.0 technologies along the value chain activities within the firm
(depth I4.0) is positively related to IF collaboration.

H3a. IF collaboration positively affects knowledge creation for innovation.

H4a. IF collaboration positively mediates the relationship between depth I4.0 and
knowledge creation for innovation.

2.3 I4.0 adoption, knowledge creation and the role of KIBS
Not only can internal inter-functional collaboration support knowledge creation at the firm
level, but actors external to the organizational boundaries are as relevant as internal ones
(Chesbrough, 2003; Laursen and Salter, 2006). Among the different actors a firm can involve,
we are particularly interested in considering those private or institutional organizations
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commonly known asKIBS, since a large number of studies has shown that they are important
collaborators in the innovation processes for other firms, in particular manufacturing firms
(Amancio et al., 2022; Muller and Doloreux, 2009). Muller and Zenker (2001, pp. 1503-1504)
have identified the three common traits of KIBS that elucidate their role in helping others’
innovation: “(1) the knowledge intensity of the service provided by KIBS for their clients
(which distinguishes them from other types of services); (2) the function of consulting (which
could be also expressed as problem-solving function); and (3) the strongly interactive or
client-related character of the service provided”. These characteristics are found in both
categories into which KIBS have been divided: T-KIBS that are more focused on technology
transfer and P-KIBS, where the role of professional services and competences connected to
human resources is prevalent (Doloreux and Shearmur, 2010). This distinction partially
overlaps with that between industrialized (more standardized) and customized services,
although there are providers that combine elements of industrialized and customized
knowledge-intensive services (Bettiol et al., 2015).

From a knowledge management perspective, there are two reasons that KIBS represent
relevant knowledge partners in supporting firms’ innovation processes. First, they have an
autonomous capability for innovation, as several empirical studies have shown
(e.g. Cabigiosu and Campagnolo, 2019; Cainelli et al., 2020). Second, they can act as
knowledge brokers (Grandinetti, 2018), allowing indirect links between their clients and
relevant external knowledge sources, such as universities, research centers and other
producers of specialized knowledge. Considering the well-known difficulties of interaction
between these knowledge-based organizations and SMEs (R~oigas et al., 2018), KIBS have
been described as key actors in innovation ecosystems (Amancio et al., 2022; Sedita and
Grandinetti, 2022).

In the scenario of I4.0, the firm aiming at adopting I4.0 technologies has to deal with a large
set of challenges and barriers (Fatorachian and Kazemi, 2018; Mittal et al., 2018; Schneider,
2018). Where SMEs are concerned, in particular, recent research has discussed the potential
relevance of KIBS (and of the institutional and environmental context in which they operate)
to an effective process of I4.0 adoption (Benitez et al., 2020; Crupi et al., 2020; Pagano et al.,
2020). The importance that I4.0 regional policies should assign to KIBS has been similarly
emphasized (De Propris and Bellandi, 2021; Larrea and Estensoro, 2021; Vaillant et al., 2021).

Clearly, those firms which pursue I4.0 adoption strategies characterized by technologies
variety and a deeper use of them into their internal value chain will face particularly severe
challenges and difficulties (Cugno et al., 2021) due to the complexity of combining and
integrating different technologies and the more complex nature of the innovations that they
are seeking to develop. On the other hand, the greater the complexity of the problems to be
solved, the greater the firm’s need to access external problem-solving capabilities by
collaboratingwith selected private or institutional KIBS (Grandinetti, 2018; Strambach, 2001).
This assumption, in the specific case of I4.0 technologies, has not yet been empirically tested.
However, some qualitative studies offer encouraging insights in this regard.

In their configurational analysis, Bustinza et al. (2022) show that collaboration with KIBS
enhances the potentialities of product–service innovation enabled by I4.0 technologies (new
product development within a smart manufacturing technological scenario). From this
viewpoint, KIBS allow firms to overcome the challenges related to complex business shifts,
such as moving towards servitization strategies and business model innovation. In this vein,
the multiple case study conducted by Paiola et al. (2021) suggests that prior knowledge is
relevant for the implementation of innovation strategies rooted in I4.0 potentialities and that
connection with specialized KIBS as technology providers is crucial to an effective path of
adoption by combining existing stocks of knowledge with additional external inputs.

Hence, we predict that collaboration with KIBS, similarly to IF collaboration, is positively
related to the adopter’s knowledge creation process for innovation purposes as follows:
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H2b. The penetration of I4.0 technologies along the value chain activities within the firm
(depth I4.0) is positively related to the firm’s collaboration with KIBS.

H3b. Collaboration with KIBS positively affects knowledge creation for innovation.

H4b. Collaboration with KIBS positively mediates the relationship between depth I4.0
and knowledge creation for innovation.

Figure 1 summarizes all the hypotheses developed into a conceptual framework.

3. Methods
3.1 Research setting
The study focuses on the manufacturing firms of so-called “Made-in-Italy” sectors (automotive,
rubber and plastics, electronic appliances, lightning, furniture, eyewear, jewelry, sports
equipment and textile–clothing–footwear) located in Northern Italy. The Italian case is an
interesting empirical setting for the analysis of collaboration for I4.0 technology adoption for
knowledge creation and innovation. Italy has been widely recognized as an important
manufacturing country inEurope and internationally andMade-in-Italy industries showa strong
international competitiveness for both final and intermediate products (OECD, 2020). Moreover,
firms located inNorthern Italy are particularly important to Italy’s gross domestic product (GDP)
and national competitiveness in international markets and are thus suitable for comparisonwith
otherEuropeanWestern countries (Lagravinese, 2015; Lamorgese andOlivieri, 2017). In addition,
the Italian industrial structure, characterized by SMEs and industrial districts (Becattini et al.,
2009), allows a deeper understanding of the implications of I4.0 technologies for knowledge
creation in local manufacturing systems that rely on inter-organizational dynamics and KIBS
involvement for innovation purposes in general (Baldoni et al., 2022; Camuffo and Grandinetti,
2011). Finally, following the I4.0 initiative in Germany, since 2016 the Italian government has
promoted a National Plan for I4.0 that provides financial and fiscal support to spread the
adoption of I4.0 technologies, sustaining firms in their digital transformation strategies.

The population of our study consists of 8,022 firms specializing in Made-in-Italy industries
located in the Northern Italian regions (Piedmont, Lombardy, Veneto, Trentino-AltoAdige, Friuli
VeneziaGiulia andEmilia-Romagna) andwith a turnover higher thanEUR1million. These firms
were drawn from the Aida–Bureau van Dijk database, which contains comprehensive financial
and economic information on companies in Italy. Taking into consideration the focus also on
manufacturing industries characterized by the presence of industrial districts (i.e. furniture,
eyewear, jewelry), we also included small and micro-firms with a turnover of less than EUR 1
million, which, according to the literature on industrial districts (Becattini et al., 2009), can be
competitive by offering high specialization within the local value chain.

Breadth I4.0 Depth I4.0
Knowledge 
creation for 
innovation

Inter-functional 
collaboration/

KIBS
H2a
H2b

H3a
H3b

H4a
H4bH1

Direct relationship

Mediated relationship

Figure 1.
Conceptual framework
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To test the research hypotheses and verify our theoretical model, we carried out a survey
between March and December 2017 – this being the first period of application of the I4.0
policy by the Italian Government – submitting a structured questionnaire to the population of
firms through computer-assisted web interviews (CAWI) (appropriate for contacting a large
sample) with entrepreneurs, chief operation officers, or managers in charge of manufacturing
and technological processes. The general aim of the study was to analyze either the drivers,
processes of adoption and outcomes of I4.0 technologies or the reasons for their non-adoption
by those firms which have not invested in I4.0 technologies. A total of about 1,400 firmsmade
up the collective sample; however, the present paper specifically focuses on I4.0 adopters (an
initial sample of about 200 adopters and a cleaned sample of 137 firms, as described below).

3.2 Variables and measures
Grounded in the literature, the questionnaire first aimed to assess (binary variable, Yes5 1;
No 5 0) the adoption of the following I4.0 technologies: (1) autonomous robots, (2) additive
manufacturing, (3) big data/cloud, (4) augmented reality, (5) IoT and smart products, (6) laser
cutting and (7) 3D scanners. The first five technologies are thosemostmentioned in the Italian
production context (Zheng et al., 2019), in part because they are supported by the Italian
Ministry of Economic Development regulation launched in 2016 (Agostini and Filippini,
2019). In addition, we consider the adoption of digital laser cutting and 3D scanners for two
main reasons. First, intelligent machine tools such as these are included in the I4.0 paradigm
because of their relevance for smart manufacturing (Tong et al., 2020) and operational
excellence (Miandar et al., 2020), supporting the customization processes of specific industries
(e.g. automotive) to evolve. Second, they are very important for the digital transformation of
theMade-in-Italy sectors investigated (Bonfanti et al., 2018), which frequently require specific
technologies to produce “tailoring goods” (Di Roma, 2017).

Then, to estimate the effect of I4.0 on value chain activities, we determined (binary variable,
Yes 5 1; No 5 0) the activities/processes to which a firm applied the technologies adopted,
considering the following: (1) new product development, (2) prototyping, (3) manufacturing
activities, (4) production process management, (5) logistic and supply chain management,
(6) sales/marketing activities and (7) post-sales services (including spare parts).

For our research purposes, grounded in the recent literature (B€uchi et al., 2020; Cugno et al.,
2021), we assessed breadth I4.0 creating a counting variable as sum of the various
technologies adopted and depth I4.0 creating a counting variable as sum of the value chain
activities in which I4.0 technologies have been used. Both variables range from 1 to 7
(technologies adopted, value chain activities involved).

In addition to the evaluation of I4.0 investment, we considered the mediating role of
relationships and collaborations within the firm as well as with external actors (KIBS) linked to
I4.0 investment. As far as intra-firm relationships are concerned (Brodeur et al., 2021), we used a
5-point Likert scale (Not at all5 1; Verymuch5 5) to assess whether the technologies adopted
enabled an increase in the IF collaboration, specifically between production area and other
business functions. In regard to external relationships (Bustinza et al., 2022), we used a binary
variable (Yes5 1; No5 0) to assess the relationship with the various KIBS that supported the
firm in the adoption and implementation of technologies adopted, considering the following
actors: (1) I4.0 suppliers, (2) system integrators, (3) machinery suppliers, (4), consultants,
(5) universities/research centers, (6) technology transfer centers and (7) others. Then, we created
the variable KIBS (ranging from 0 to 7) as the sum of the seven items.

As dependent variable, we considered the knowledge creation for innovation as the mean
of two items (5-point Likert scale, Not at all 5 1; Very much 5 5) that assess whether the
technologies adopted allowed the firm to create knowledge for the innovation of
(1) production processes and (2) products (Hughes et al., 2022).
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Finally, as control variables, we considered a set of firm characteristics that may affect the
I4.0 implementation process (Mittal et al., 2018): firm size in terms of employees; industry,
clustering the firms into two main technological groups following both the Statistical
Nomenclature of Economic Activities in the European Community (NACE) code and
European Union (EU) classification (Low or Medium-low tech industry5 0; Medium-high or
High tech industry5 1); R&D expenditure and export as percentage on annual turnover; type
of market served: B2B 5 0; B2C 5 1); and, finally, the level of customization of the
technologies adopted. This latter variable is a continuous variable ranging from 0 (no
customization) to 5 (highest customization), derived from the average of three itemsmeasured
by a 5-point Likert scale, specifically hardware customization, software customization and
integration with the firm’s technological assets.

3.3 Sample and descriptive statistics
Through the survey, we were able to collect data from more than 200 firms that had adopted
at least one of the seven I4.0 technologies. After cleaning the sample and excluding
uncompleted questionnaires, we obtained a final sample of 137 adopting firms. Table 1 shows

Descriptive Frequency Percentage (%)

Firm size
Micro 44 32.1
Small 59 43.1
Medium 26 19.0
Large 8 5.8

Industry
Textile and clothing 27 19.7
Furniture 26 19.0
Fashion 26 19.0
Automotive 19 13.9
Lighting 14 10.2
Leather/Footwear 11 8.0
Electrical motors and parts 8 5.8
Rubber and plastic goods 6 4.4

Industry technology level
Low/Medium-low 96 70.1
Medium-high/High 41 29.9

Market
Business-to-Business (B2B) 84 61.3
Business-to-Consumer (B2C) 53 38.7

Industry 4.0 adoption rate
Laser cutting 71 51.8
Robotics 67 48.9
Big data and cloud 59 43.1
Additive manufacturing 50 36.5
IoT and smart products 34 24.8
3D scanner 28 20.4
Augmented reality 20 14.6
1 technology 41 29.9
2 or more technologies 96 70.1

Note(s): N 5 137
Table 1.
Sample characteristics
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the sample characteristics, including the firm’s size (EU turnover classes), industry and type
of market.

Table 2 shows the descriptive statistics (min and max values, mean scores and standard
deviations) and the correlations of the variables included in the analyses. As expected, there
are some different positive correlations, such as between breadth I4.0 and depth I4.0 and both
are positively correlated with increased IF collaboration within the firm, with inter-
organizational collaboration with KIBS and with knowledge creation. Moreover, all the main
variables of the model are positively correlated with technology customization. Instead, it is
interesting to note that firm size is positively linked to I4.0 investment as well as to
collaborations and relationships within and outside the firm, but it is not related to the
creation of new knowledge. All the other correlation values are lower than the threshold of 0.5
(Hinkle et al., 2003); thus, no risk of multicollinearity arises from this study.

3.4 Data analysis method
The main goal of the study is to assess whether I4.0 (in terms of breadth and depth) enables
the creation of knowledge to innovate processes and products inmanufacturing firms and the
process that allows this outcome to be reached, taking into consideration internal and
external collaborations. To achieve this goal, we performed a two-step regression analysis.
First, we assessed the direct relationship between breadth I4.0 and depth I4.0; then, we
assessed the role of mediators run by the increased IF collaboration (first mediation analysis)
and collaboration with KIBS (second mediation analysis).

Concerning the regression analyses, collectively hypotheses 1, 2a,b and 3a,b suggest direct
effects among the different variables investigated, namely breadth I4.0, depth I4.0, increased IF
collaboration (first), KIBS (second) and knowledge creation for innovation. Hypotheses 4a and 4b
test the mediation effects. The mediation analysis primarily aims at assessing the indirect effect
because of its relevance on the causal relationship between the predictor X and the outcome Y
(Iacobucci, 2008). To test the significance of the indirect effect(s), the Sobel test is preferred, being
more powerful than the stepwise procedure proposed by Baron and Kenny (1986) because it
addresses mediation directly (Preacher and Hayes, 2004). However, also the Sobel test has its own
limitations because it rests on the assumption that the indirect effects are normally distributed. In
addition to Sobel test, bootstrapping is recommended. Based on the application of bootstrapped
confidence intervals (CIs), it is possible to avoid power problems introduced by asymmetric and
other non-normal sampling distributions of an indirect effects model (MacKinnon et al., 2002).

However, to estimate the extent to which the mediation process explains the relationship
between X andY, it is also necessary to consider the direct effect of X on Y that is not explained
by the mediator (Hayes, 2013). In this case, if the direct effect is significant, we have a partial
mediation, instead if the direct effect is no significant, we have a full mediation (Iacobucci, 2008).
Hence, the mediation hypotheses (4a and 4b) were tested using the statistical package for the
social sciences SPSS and, spceficially, the macro PROCESS developed by Hayes (2013), which
includes both a normal theory approach (i.e. the Sobel test) and a bootstrap approach to obtain
CIs, which facilitated the estimation of the indirect effects ab.

4. Results
4.1 Main results
The results of the regression analyses, reported inTable 3, allowus to confirm all the hypotheses
developed. As regards hypothesis 1, breadth I4.0 (i.e. the number of I4.0 technologies adopted)
positively affects depth I4.0,which refers to thepenetration of the technologies adopted along the
value chain activitieswithin the firm I4.0 (β5 0.243, t5 2.889, p5 0.005). Thehigher the number
of I4.0 technologies a firm has adopted, the higher the number of value chain activities involved
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in the I4.0 investment and, thus, inwhich the technologies have been used. This observationwas
confirmed with the variance inflation factors, that were less than 5, which is an acceptable
threshold. In the relationship betweenbreadth I4.0 anddepth I4.0, two firm characteristics havea
significantly positive role: the market served (specifically B2B; β5 0.202, t5 2.565, p5 0.011)
and the firm’s R&D expenditure (β 5 0.198, t 5 2.523, p 5 0.013). In addition, technology
customization has a positive role in the regression between breadth I4.0 and depth I4.0
(β 5 0.230, t5 2.834, p 5 0.005).

In terms of hypotheses 2a and 2b, as reported inTable 3, the analysis shows that depth I4.0
positively affects both the increased IF collaboration (β 5 0.199, t 5 2.573, p 5 0.011)

Regression analyses Results

Linear regression ß SE t p LLCI ULCI
Breadth I4.0 regressed on depth I4.01 0.243 0.082 2.889 0.005 0.052 0.431

Mediation analysis with IF Collaboration as mediator
Direct effects ß SE t p LLCI ULCI
IF collaboration regressed on depth I4.0 0.199 0.073 2.573 0.011 0.046 0.352
Knowledge creation for innovation regressed on IF
collaboration2

0.340 0.065 5.234 0.000 0.212 0.469

Knowledge creation for innovation regressed on
depth I4.03

0.088 0.059 1.498 0.137 �0.028 0.204

Total (mediation) effect of depth I4.0
Knowledge creation for innovation regressed on depth
I4.0, controlling for IF collaboration4

0.156 0.063 2.479 0.014 0.031 0.280

Indirect effect and significance using normal distribution Value SE z p
Sobel 0.068 0.030 2.276 0.023

Bootstrap results for indirect effects M SE LLCI ULCI
Effect 0.068 0.031 0.019 0.147

Mediation analysis with KIBS as mediator
Direct effects ß SE t p LLCI ULCI
IF collaboration regressed on depth I4.0 0.228 0.063 3.646 0.000 0.104 0.352
Knowledge creation for innovation regressed on KIBS⁵ 0.255 0.086 2.965 0.004 0.085 0.424
Knowledge creation for innovation regressed on
depth I4.0⁶

0.098 0.064 1.525 0.130 �0.029 0.224

Total (mediation) effect of depth I4.0
Knowledge creation for innovation regressed on depth
I4.0, controlling for KIBS⁷

0.156 0.063 2.479 0.014 0.031 0.280

Indirect effect and significance using normal distribution Value SE z p
Sobel 0.058 0.026 2.250 0.024

Bootstrap results for indirect effects M SE LLCI ULCI
Effect 0.058 0.024 0.018 0.113

Note(s): N 5 137. Unstandardized regression coefficients are reported. Bootstrap sample size 5 5,000.
LLCI 5 lower limit of 95% confidence interval; ULCI 5 upper limit of 95% confidence interval
1 R5 0.487, R2 5 0.237, F5 5.726 and p5 0.000. All control variables are included in the regression models:
technology customization (β5 0.230) is significant at 0.01 level; type of market (B2B) and R&D expenditure are
significant (respectively, β 5 0.202 and β 5 0.198) at the 0.05 level
2 R 5 0.453, R2 5 0.205, F 5 4.753 and p 5 0.000. Firm size (β 5 0.548) is significant at the 0.05 level
3 R 5 0.510, R2 5 0.261, F 5 5.639 and p 5 0.000. None of the control variables is significant
4 R 5 0.320, R2 5 0.102, F 5 2.102 and p 5 0.048. None of the control variables is significant
⁵ R 5 0.505, R2 5 0.255, F 5 6.304 and p 5 0.000. Technology customization (β 5 0.144) is significant at the
0.01 level
⁶ R 5 0.400, R2 5 0.160, F 5 3.049 and p 5 0.004. None of the control variables is significant
⁷ R 5 0.320, R2 5 0.102, F 5 2.102 and p 5 0.048. None of the control variables is significant

Table 3.
Main regression and

mediation results
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activated through the I4.0 technologies adopted and the collaboration with KIBS (β5 0.228,
t 5 3–646, p 5 0.000) that support a firm in the adoption and use of I4.0 technologies.
Therefore, hypotheses 2a and 2b are confirmed.

Our results also support hypotheses 3a and 3b by showing a positive relationship between
both increased IF collaboration and KIBS variables and knowledge creation for innovation
(product and process). This is indicated by the significant unstandardized regression
coefficients: β 5 0.340 (t 5 5.234, p 5 0.000) for IF collaboration and β 5 0.255 (t 5 2.965,
p 5 0.004) for the KIBS (see Table 3).

Finally, the results of the mediation analysis also offer support for hypotheses 4a and
4b, showing that depth I4.0 exerts a significant positive effect on knowledge creation for
innovation (see Table 3) through the mediation of both increased IF collaboration
(β 5 0.156, t 5 2.479, p 5 0.014) and collaboration with KIBS (β 5 0.156, t 5 2.849,
p5 0.005). The results, reported in Table 3, show a total (mediation) effect of depth I4.0 on
knowledge creation for innovation that is the same for both mediators (β5 0.156). For the
mediation with IF collaboration, the direct effect is 0.088 and the indirect effect is 0.068
(direct effect5 0.088þ indirect effect5 0.068→ total mediation effect5 0.156; p5 0.031),
while for the mediation with KIBS, the direct effect is 0.098 and the indirect effect is 0.058
(direct effect5 0.098þ indirect effect5 0.058→ total mediation effect5 0.156; p5 0.031).
The formal two-tailed significance test (assuming a normal distribution) demonstrated
that indirect effects of both mediators were significant (IF collaboration: β 5 0.68, Sobel
z 5 2.276, p 5 0.023; KIBS: β 5 0.58, Sobel z 5 2.250, p 5 0.024). For both mediators, to
check the robustness of the total mediation effect, a bootstrap analysis (5,000 samplings, CI
5 95%) was run. The bootstrap results confirmed the Sobel test, with a bootstrapped 95%
CI around the indirect effect not containing zero. Thus, hypotheses 4a and 4b are
supported. Moreover, we can observe that for both cases, the effect of depth I4.0 on
knowledge creation for innovation emerge as results of a full mediation because of the no
significant direct effect of depth I4.0 on knowledge creation for innovation (see Table 3).
Figure 2 summarizes the results of all hypotheses tested in this study.

From the viewpoint of control variables in the mediation analysis with IF collaboration as
mediator, only firm size (number of employees) plays a positive role (β 5 0.578, t 5 2.571,
p 5 0.011) in the relationship between depth I4.0 and IF collaboration. Instead, in the
mediation analysis with collaboration with KIBS as mediator, technology customization
(β5 0.144, t5 2.819, p5 0.006) has a significant positive effect on the relationship between
depth I4.0 and collaboration with KIBS.

Breadth I4.0

Inter-functional
collaboration/

KIBS

Depth I4.0

H2a = 0.199*
H2b = 0.228***

H3a = 0.340***
H3b = 0.255**

H4a = 0.156*
H4b = 0.156* Knowledge 

creation for 
innovation

H1 = 0.243**

Note(s): *p <  0.05; **p < 0.01; ***p < 0.001 

Total (mediation) effect

Direct effect H1: supported
H2a: supported
H2b: supported

H3a: supported
H3b: supported
H4a: supported
H4b: supported

Figure 2.
Main results

EJIM
26,7

340



4.2 Robustness checks and heterogeneity results
To test the reliability of the proposedmodels, in addition to the robustness ofmediation tested
through the bootstrap analysis other regression analyses were run to check the robustness of
the results. As a first analysis (Models 1a andb), other control variables were included in the
regression analysis to reduce the impact of the omitted variables. We added the age of firm,
the turnover (log) and the possibility a company offers to customize products (Karhade and
Dong, 2021). Then (Models 2a and b), we ran the mediation without control variables to test
the hypothesized relationships with the aim of avoiding structural effects (see Table 4).

In the second step of robustness checks (Models 3a and b and 4a and b), two alternative
types of depth I4.0 and knowledge for innovation were considered. Specifically, we created a
depth I4.0 which reflects the use of I4.0 technologies mainly in the production domain (sum of
manufacturing activities, prototyping, production process management and logistic and
supply chain management), which we named production depth I4.0. A second depth I4.0 was
created as the sum of activities strictly related to the marketing domain (sum of prototyping,
new product development, sales/marketing activities and post-sales services), which we
named marketing depth I4.0. Prototyping activities were included in both measures of depth
because of the relevance that this type of activities could have for both product and process
innovation (Piening and Salge, 2015). We used these two alternative measures of depth I4.0 to
regress them on, respectively, knowledge creation for (only) process innovation and
knowledge creation for (only) product innovation. The results of these last two models are
reported in Table 5. All the robustness check results (Models 1a and b; Models 2a and b;
Models 3a and b andModels 4a and b) confirm the originally supported hypotheses; thus, the
reliability of the proposed models is verified.

Finally, we have explored company heterogeneity running the mediation analysis
considering micro-small (turnover less than EUR 10 million) firms (Models 5a and b) and
medium-large (turnover at least EUR10million) firms (Models 6a and b). As shown inTable 6,

Model 1a Model 1b Model 2a Model 2b

Regressions ß ß ß ß
Depth I4.0 0.098 – 0.089 –
IF collaboration 0.327*** – 0.338*** –
Depth I4.0 mediated by IF collaboration 0.182** – 0.278** –
Depth I4.0 – 0.105 – 0.109
KIBS – 0.268** – 0.262**
Depth I4.0 mediated by KIBS – 0.182** – 0.278**

Control variables
Technology customization 0.484 0.253 – –
Employees (log) 0.036 0.297 – –
Industry 0.094 0.009 – –
Market type �0.014 �0.022 – –
Export (% on turnover) 0.002 0.002 – –
R&D expenditure 0.001 0.005 – –
Turnover (log) �0.050 �0.209 – –
Firm’s age �0.006 �0.011 – –
Product customization 0.119 0.208 – –

Note(s): N 5 137. Dependent variable 5 knowledge for product and process innovation. ***p < 0.001;
**p < 0.01; *p < 0.05. Unstandardized regression coefficients are reported. Models 1a and b: R 5 0.366,
R25 0.134. Models 2a and b: R5 0.278, R25 0.077. Bootstrap sample size5 5,000. LLCI5 lower limit of 95%
confidence interval; ULCI 5 upper limit of 95% confidence interval. Models 1a and b: SE 5 0.061; z 5 2.992;
p 5 0.003; LLCI 5 0.062; ULCI 5 0.303. Models 2a and b: SE 5 0.059; z 5 3.362; p 5 0.001; LLCI 5 0.078;
ULCI 5 0.299

Table 4.
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the role of internal and external collaborations, especially with KIBS, is very important for
micro-small firms, where both IF collaboration and KIBS allow to have a significant
(mediated) effect of depth I4.0 on knowledge creation for (process and product) innovation.

5. Discussion
The study offers an original contribution on the link between I4.0 and knowledge
management and provides empirical evidence of the way I4.0 technologies may lead to the
creation of new knowledge for the innovation of both processes and products within the
manufacturing context. A first preliminary result refers to the positive effect of the adoption
of various I4.0 technologies (breadth I4.0) on the penetration (and use) of I4.0 technologies
along the value chain activities within the firm (depth I4.0). It suggests that firms that adopt
various I4.0 technologies are able to exploit them in different stages of the internal value
chain. Simultaneously, as the second main result of the study, the use of I4.0 technologies
adopted along the value chain activities within the firm (depth I4.0) does not per se directly
lead to the creation of new knowledge for product and process innovation. If new technologies
enable a potential transformation of how firms organize and innovate their internal activities
and processes to improve new product and service development, their adoption is only a
starting point.

In the first stage of I4.0 spread, in particular, collaborating with others, within and outside
the firm’s boundaries, can increase knowledge of this phenomenon and how to obtain higher
innovation performances. Indeed, the third couple of findings concern the significant

Model 3a Model 3b Model 4a Model 4b
Knowledge for process Knowledge for product

Main variables ß ß ß ß
Production depth I4.0 0.056 – – –
Marketing depth I4.0 – – 0.151
IF collaboration 0.376*** – 0.298*** –
Production depth I4.0 mediated by IF collaboration 0.204* – – –
Marketing depth I4.0 mediated by IF collaboration – 0.204* –
Production depth I4.0 – 0.118 – –
Marketing depth I4.0 – – 0.125
KIBS – 0.227* – 0.324**
Production depth I4.0 mediated by KIBS – 0.204* – –
Marketing depth I4.0 mediated by KIBS – – – 0.204*

Control variables
Technology customization �0.066 �0.253 0.968 0.716
Employees (log) 0.182 0.460 �0.023 0.230
Industry 0.097 �0.020 0.147 0.069
Market type 0.068 0.063 �0.102 �0.099
Export (% on turnover) 0.002 0.002 0.003 0.003
R&D expenditure 0.002 0.007 0.002 0.005
Turnover (log) �0.032 �0.170 �0.149 �0.348
Firm’s age �0.009 �0.015 �0.002 �0.007
Product customization 0.276 0.184 �0.007 0.070

Note(s): N 5 137. Dependent variable Models 3a and b 5 knowledge for process innovation. Dependent
variable Models 4a,b 5 knowledge for product innovation. Unstandardized regression coefficients are
reported. Models 3a and b: R5 0.377, R2 5 0.142. Models 4a and b: R5 0.286, R2 5 0.082. Bootstrap sample
size5 5,000. LLCI 5 lower limit of 95% confidence interval; ULCI 5 upper limit of 95% confidence interval.
Models 3a and b: SE5 0.098; z5 2.082; p5 0.039; LLCI5 0.010; ULCI5 0.398. Models 4a and b: SE5 0.096;
z 5 2.137; p 5 0.035; LLCI 5 0.015; ULCI 5 0.394

Table 5.
Robustness results for
different depth I4.0 and
knowledge creation
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mediating role that IF collaboration and collaboration with KIBS plays in linking depth I4.0
with the creation of knowledge to improve the innovation of both product and production
processes. Specifically, the penetration of I4.0 along value chain activities favored by the
adoption of various technologies allows for an increase in collaboration within the firm
(specifically between the production and other business functions) as well as positively
affecting the relationship with external actors, such as KIBS (that have and offer specific
knowledge-based services). Collaborations within and outside favor a firm’s innovation in the
context of I4.0; thus, they play a significant role in the firm’s capability to develop new
knowledge to innovate both product and production processes through the technologies
adopted. As regards the collaboration with KIBS, we find that that the collaboration is
particularly relevant for small firms than for medium and large firms. This result is in line
with the literature (Di Maria et al., 2012; Shearmur and Doloreux, 2019).

Those results may offer a first explanation of the complexity of the fourth industrial
revolution. To grasp the benefit of I4.0 technologies, firms need to fully deploy their
technological potential in more than one technological direction, given the interdependencies
between them and symmetrically in more than one area of the value chain interconnecting
several internal activities and processes. According to our results, the creation of knowledge
for innovation purposes is connected not only to the variety of I4.0 (various technologies
rather than a single technology), but also to collaboration within and outside the firm’s
boundaries. This evidence provides an innovative view of the topic explored, enriching
previous findings on the relationship between specific technologies and knowledge-related
processes, for example the big data management and its implications for knowledge creation
through enhanced decision-making systems discussed by Pauleen and Wang (2017).

A further explanation has to do with the learning curve (Argote, 1999). Firms need time
and experience to learn (and thus to develop new knowledge of) how to use I4.0 technologies
to reach their specific strategic goals, taking into consideration the firm’s organizational

Model 5a Model 5b Model 5a Model 5b
Micro-small firms Medium-large firms

Main variables ß ß ß ß
Depth I4.0 0.157 – �0.005 –
IF collaboration 0.274** – 0.446** –
Depth I4.0 mediated by IF collaboration 0.225** – 0.130 –
Depth I4.0 – 0.112 – 0.078
KIBS – 0.347** – 0.168
Depth I4.0 mediated by KIBS – 0.225** – 0.130

Control variables
Technology customization 0.090 �0.193 1.509 1.030
Employees (log) �0.239 �0.118 0.141 1.001
Industry �0.031 �0.102 0.032 �0.080
Market type �0.022 �0.058 �0.192 �0.513
Export (% on turnover) 0.002 0.003 0.008 0.011
R&D expenditure 0.002 0.005 �0.011 �0.012
Turnover (log) �0.140 �0.332 �0.387 �0.644
Firm’s age �0.010 �0.018* 0.007 0.010
Product customization 0.212 0.297 �0.335 �0.601

Note(s):NModels 5a and b5 103; NModels 6a and b5 34. Dependent variable5 knowledge for product and
process innovation. Unstandardized regression coefficients are reported. Models 5a and b: R 5 0.403,
R25 0.122. Models 6a and b: no-significant R5 0.538,R25 0.082. Bootstrap sample size5 5,000. LLCI5 lower
limit of 95% confidence interval; ULCI5 upper limit of 95% confidence interval. Models 5a and b: SE5 0.082;
z 5 2.750; p 5 0.007; LLCI 5 0.063; ULCI 5 0.388. Models 6a and b: no-significant
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context and processes. That is not straightforward: firms have to adjust to the new
possibilities offered by technologies and change how activities are organized up to
transformation at the strategic level. This is an explorative process that can be more or less
challenging but, in any case, is based on learning-by-doing dynamics. In this vein,
collaborations within and outside the firm’s boundaries support this learning process, fully
implementing the potential of new technologies in terms of knowledge creation and
innovation.

On the one hand, IF collaboration is key to achieving many business goals (De Luca and
Atuahene-Gima, 2007), including the successful exploitation of I4.0 technologies. Specifically,
the collaboration between the production area of amanufacturing firm and the other business
functions allows exploitation of the benefits of I4.0 that linksmanufacturing processes to data
and other communication technologies to respond quickly to market changes through the
creation of new knowledge for innovation purposes. Indeed, the adoption of a new technology
in one function of the firm, such as manufacturing operations, may have important
connections and implications for other functions, such as marketing, customer services, or
new product development. These interdependencies cannot be fully known in advance and,
therefore, cannot be planned for, but they need to be discovered through IF interactions to
achieve an effective outcome, such as knowledge creation.

On the other hand, firms, especially small ones, do not usually have internally all the skills
and competences required to master these new types of technologies (Cor�o et al., 2021).
Collaboration with competent external actors, such as KIBS, can become relevant for
acquiring knowledge of both specific technologies and their interdependencies and of how to
use them, with positive effects on the creation of new knowledge for product and process
innovation. Although some scholars foresee a deep transformation of firms in terms of
internal competences (Davenport, 2018), for example through the introduction of new
professional profiles such as data scientists, it is unlikely that firms will be able to complete
this change, particularly in the short term and in the case of SMEs. It is probably
more important for the firm to build a network of specialized partners to interact with for the
implementation of I4.0 opportunities. In alignment with Vaillant et al. (2021), we highlight the
role of KIBS as relevant partners in the I4.0 evolution of firms (their customers) by virtue of
the knowledge they accumulate internally, the network of relationships they maintain and
their ability to customize the technologies introduced by their customers (Grandinetti, 2018).

6. Conclusions
To the best of the authors’ knowledge, this study is one of the first that provides empirical
evidence of how I4.0 enables the development of new knowledge to innovate processes and
products by linking the concept of breadth and depth in technological adoption for I4.0.While
the I4.0 literature has mainly focused on the positive impacts on both knowledge and
innovation as outcomes of the use of technologies (Bettiol et al., 2022; de Bem Machado et al.,
2022), our results show that these effects depend on collaborationwithin the company (among
the different business functions) and with external partners. Indeed, in this sense, the paper
enriches the literature on the relationship between I4.0 and the creation of new knowledge for
innovation by emphasizing the relevance of networking. To ensure wider use of I4.0 on
different value chain activities (depth I4.0), a firm has to adopt various I4.0 technologies
(breadth I4.0). However, the depth I4.0 per se is not enough to create new knowledge to
innovate products and processes.

The lack of a significant direct relationship between depth I4.0 and knowledge creation for
innovation leads to the second contribution, which refers to the (key) mediating role of both IF
collaboration and collaboration with KIBS that enable a firm to create new knowledge to
innovate processes and products through the use of I4.0 technologies adopted within its
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internal value chain activities. Collaboration among internal and with external actors seems,
therefore, to be a relevant condition to trigger the firm’s learning process, especially for SMEs.
In fact, only when the adoption of I4.0 technologies is coupled with collaboration (internal and
external), knowledge creation can be observed. In particular, the role played by external
actors, such as KIBS, is often overlooked in the I4.0 literature (Frank et al., 2019), where
adoption seems to be related only to the skills and capabilities of the firm. The results of our
research confirm the importance of these value-added business service providers in
supporting companies’ innovation processes, which has been highlighted by previous studies
(Muller and Doloreux, 2009). This has also to be considered in terms of technology
customization, as I4.0 does not necessarily refer to “off-the-shelf” technologies that firms
purchase and use immediately but, rather, to those that require adaptation to the firm’s needs
and in which KIBS have a role. In general, our study contributes to providing a framework
that aims at filling a gap since the variables IF collaboration and collaboration with KIBS
have never been considered in relation to the link between I4.0 adoption and knowledge
creation for innovation.

Theoretically, our findings mean that knowledge creation and innovation are related not
only to an enabling technological infrastructure, but also to a specific set of relationships the
firm has developed within and outside its boundaries. This is perfectly consistent with the
open innovation paradigm (Bigliardi et al., 2021; Frank et al., 2022) to which our work
contributes to extend to the I4.0 landscape (Obradovi�c et al., 2021).

Our study has several managerial implications. From a managerial point of view, firms
should encourage internal and external collaboration when I4.0 technologies are adopted.
Teams composed of managers coming from different functions of the firm should be in
charge of adoption in order to fully grasp the potential of the implementation of a new
technology. As our results reveal, the complexity of this fourth revolution requires more than
a narrow functional focus. Its consequences impact on several areas across the firm.
In addition, managers should favor collaboration with valuable partners that could help the
firm redesign their processes and products. Selection of and dialog with those partners seem
to be strategic skills firms need to master.

Our study provides evidence of the dynamics underlying I4.0 investment decisions for the
firms interviewed and offers initial suggestions in terms of policy implications. According to
the results of the study, in order to benefit from the fourth industrial revolution rooted in the
I4.0 paradigm, it is important for adopters to rely on networks with external actors (Muscio
and Ciffolilli, 2019), thus reframing the fiscal incentives for the adoption of those technologies
included into I4.0 policies within a wider framework of collaboration requirements, as is
consistent with other studies on I4.0 incentives (Cugno et al., 2021). The quality of this
network has very important consequences for the outcomes of the adoption of new
technologies innovation-wise. From this perspective, research stresses the relevance of
having KIBS at the local level in order to support the knowledge upgrading of firms which
follow such paths of digital transformation (Messeni Petruzzelli et al., 2022).

The study has some limitations. It refers to Italian manufacturing SMEs. In this sense,
future research should aim to verify whether manufacturing firms located in other countries
have similar strategies and results, while exploring the size factor. Additional variables to
capture the collaborative dimensionwithin and outside organizations can also be adopted, for
example the actors considered or intensity of collaboration, to further study the knowledge
management implications of technological adoption. To better assess the relationship
between breadth and depth of I4.0, future research should consider how specific sets of
technologies (approached as bundles of interrelated technologies, such as the more general
big data and cloud or themore specific robotics and 3D scanners) impact the various business
processes for product and process innovation purposes. In addition, future research should
take into consideration specific types of knowledge (tacit vs. codified) and the role of a firm’s
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digital competences and capabilities to define more detailed cause-and-effect models.
Moreover, further studies can deepen the analysis by not only considering knowledge
creation specifically related to process/product innovation and by deepening the link between
the internal and external networks. In line with emergent literature on the role of serendipity
in management (Balzano, 2022), future research could also consider if network building
within and outside the company could increase the possibility of “unintended discovery”
(Dew, 2009) and, as a consequence, the firm’s innovation capability. In particular,
understanding whether serendipity has a mediating effect on the unintended use of I4.0
and the knowledge produced could be important. Future research should also consider the
learning dynamics occurring at the firm level over time.
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