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Abstract

This thesis investigates the transformations associated with the development and diffusion of 4.0

technologies, by combining a firm-level perspective with a territorial-level perspective. The aim
is to understand whether and to what extent the engagement of firms, in particular technological
knowledge-intensive business services, in 4.0 innovation activities is affected by the characteris-
tics of the territory, regions, cities, or local production systems, in which they are located. The
thesis consists of three chapters. Chapter 1 comprises a systematic literature review of the studies
that address Industry 4.0-related issues in industrialized countries from a regional perspective.
The selected articles have been systematically collected and then discussed using a qualitative
content-based approach. This review allowed for the identification of the main issues discussed
and the gaps that exist in the literature and laid the foundation for the empirical analysis con-
ducted in Chapter 2 and Chapter 3, which focus on private technological knowledge-intensive
business services (t-KIBS) engaged in the production and/or provision of ICT services. The deci-
sion to concentrate on technological knowledge-intensive business services (KIBS) specializing in
information and communication technology (ICT) is connected to their significant role in 4.0
transformations as they serve as both producers of these technologies and intermediaries and
adapters, facilitating their adoption and implementation. Chapter 2 delves into the examination
of the firm level and territorial level factors that influence the spatial distribution of the t-KIBS
involved in the provision of 4.0 technologies (4.0 t-KIBS). 4.0 t-KIBS were identified using infor-
mation extracted from t-KIBS websites, collected through web-scraping techniques. Then, a probit
model with sample selection was employed to identify the most important territorial and firm-
related factors influencing the decision to develop and/or provide 4.0 technologies. The results
show that the probability of mentioning 4.0 technology is positively affected by t-KIBS size and
profitability. From a territorial perspective, the main determinants are represented by demand
coming from co-located manufacturers and to a lesser extent by urbanization economies. Finally,
following the literature on KIBS variety, Chapter 3 explores the heterogeneous nature of the t-
KIBS involved in the production and provision of 4.0 technologies. The objective is to gain insights
into how these organizations differ across several key dimensions frequently examined in the
KIBS variety literature. These dimensions encompass the geographical scope, innovation output,
cognitive structure, external collaborations, and client focus. The empirical analysis draws on the
same database built for Chapter 2 and on data collected through an original survey of a sample of
500 t-KIBS. The survey allowed for the collection of firm-level information that could not be re-
trieved from other data sources. The empirical analysis is split into two parts. Using a probit ap-
proach, the first part of the analysis explores whether and to what extent the peculiarities of 4.0

t-KIBS vary mainly according to their geographical scope and innovation output. The second part



Abstract

of the analysis employs a matching technique to compare certain attributes of 4.0 t-KIBS with
those whose activities are not centred around 4.0 technologies. The main results show that the
activities of 4.0 t-KIBS have a broader geographical scope that goes beyond local and regional
boundaries. In contrast to established literature on KIBS, this is especially true for those t-KIBS
that deliver customized innovations tailored to the needs of customers. From a cognitive perspec-
tive, it emerges the tendency of 4.0 t-KIBS to also rely on non-technical knowledge, while in terms
of collaborations, they are more likely to collaborate with firms belonging to the same business
group. Finally, 4.0 t-KIBS that are regionally anchored (i.e., they have not established an inter-
regional network) are more likely to develop services and technologies specifically for public ad-

ministrations.

KEYWORDS: Industry 4.0, 4.0 technology, innovation, regional economics, local development,

KIBS
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Introduction

This thesis aims to shed light on the processes of development and diffusion of 4.0 technologies
from a regional innovation perspective. The main objective is to investigate to what extent the
development and the diffusion of 4.0 technologies vary across space, which territorial factors af-
fect them, which are the actors involved and the territorial mechanisms in place (De Propris and
Bailey 2020b; Capello and Lenzi 2021a).

The term 4.0 technology refers to a set of interconnected and interdependent technolo-
gies that heavily rely on advancements in information and automation technology (Laffi and
Lenzi 2021; Santarelli, Staccioli, and Vivarelli 2022). These technologies encompass, among oth-
ers, Artificial Intelligence (Al), the Internet of Things (IoT), Cloud Computing, Additive Manufac-
turing and Robotics (Martinelli, Mina, and Moggi 2021). The “4.0 debate” emerged nearly ten
years ago to describe the opportunities that advanced digital technologies could bring to facto-
ries and industrial production systems (Schwab 2016). Industry 4.0 envisages digitally connect-
ed factories, flexible, decentralised and autonomous production processes (Lasi et al. 2014) as
well as new value-creation models and new value propositions for industrial companies (Frank
et al. 2019). However, the impact of change brought by 4.0 technologies goes beyond the manu-
facturing sector and permeates nearly all economic activities, including cultural production
(Lazzeretti et al. 2022), agriculture (Klerkx, Jakku, and Labarthe 2019) and many other spheres
of our societies (Mansell 2021). The primary innovative traits of these technologies can be at-
tributed to their ability to collect, analyse and exploit massive amounts of data from various
sources, such as sensors, devices or digital platforms (Porter and Heppelmann 2014), to monitor
and replicate physical reality, to identify patterns and make predictions about future events and
outcomes (Baskerville, Myers, and Yoo 2020).

Given the pervasive scope of these transformations, numerous researchers have argued
that we are currently facing a new techno-economic paradigm (De Propris and Bailey 2020a)
which is distinct from the ICT paradigm depicted by Perez (2010). Other scholars disputed this
view, claiming that the new technological wave represents a continuation and an evolution of
the ICT-macro trajectories (Pardi 2019; Cetrulo and Nuvolari 2019; Brixner et al. 2020). The de-
bate regarding the nature of these changes falls beyond the scope of the thesis. Nevertheless, the
starting point of this work is the recognition that 4.0 technologies undoubtedly bring forth a new
wave of IT-driven innovations that by recombining existing knowledge (Cooke 2021) have the
power to profoundly change, not only the available technology but also the competitive land-
scape (Kenney and Zysman 2020; Culot et al. 2020) and the social environment (Marengo 2019;
Spencer 2017) in which companies operate, as well as the lives and work of individuals (Zuboff

2019).



Introduction

In this thesis, these changes have been examined by combining firm-level and territorial-
level perspectives. This approach entails not only understanding the internal peculiarities that
influence firms’ involvement in 4.0 activities but also, more importantly, whether and to what
extent this is affected by the characteristics of the territory (regions, cities, or local production
systems) in which firms are located. As a result, in this study, the complex and uncertain process
governing 4.0 innovation activities is not considered uniform across space, but rather the out-
come of heterogeneous pathways that may be shaped by place specificities (Capello and Lenzi
2021b; De Propris and Bailey 2021).

This dissertation consists of three chapters, structured in the form of research papers: a
literature review and two empirical analyses. Each chapter includes the following sections: ab-
stract, theoretical background, empirical analysis, discussion, conclusions, and references. In ad-
dition, the last section provides a concise summary of the findings from all three chapters, offer-
ing a comprehensive overview of the research, its policy implications, limitations, and sugges-
tions for future research.

The contribution provided by this thesis is twofold. Firstly, it enriches the strands of lit-
erature on regional economics and local development interested in understanding the territorial
dynamics underpinning the development and diffusion of 4.0 technologies (De Propris and Bel-
landi 2021). This is achieved through a systematic review of the relevant literature on this topic
(Chapter 1). Then, in Chapter 2 the thesis adopts an original focus on the supply side of 4.0 tech-
nologies and examines the territorial factors that affect the spatial diffusion of technological
knowledge-intensive business services (t-KIBS). This approach allowed for the examination of
the endogenous territorial factors, external to the firms, that affect firms’ behaviours, and conse-
quently either sustain or hinder the growth of a territory (Becattini 1991; Camagni and Capello
2002; Capello 2009). The second contribution of this thesis lies in providing new insights into
the innovative behaviours of a specific sub-sector of economic activity, namely t-KIBS (both
Chapter 2 and Chapter). This strand of literature examines the multiple roles that KIBS have in
knowledge-based economies (Muller and Doloreux 2009; Pina and Tether 2016). In particular,
as mentioned earlier, Chapter 2 examines how some firm-level and territorial-level characteris-
tics influence their innovative activities related to 4.0 technologies, while Chapter 3 deals with
the peculiarities and variety of these organizations. In the third chapter, the empirical analysis
maintains a territorial dimension by exploring the relevance of spatial proximity and the linkag-
es that 4.0 service providers establish with organizations located in the same area.

More in detail, the first chapter, consists of a systematic literature review of the econom-

ic, managerial, and geographical studies that address Industry 4.0-related issues in industrial-
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ized countries from a regional perspective. Through an accurate selection process, a set of arti-
cles that adopt this perspective was identified and discussed using a qualitative content-based
approach. The findings show a strong interest of regional researchers in knowledge-related dy-
namics. A sizable number of articles indeed deals with i) the distribution of 4.0 knowledge,
mainly measured by the number of patents and research projects; ii) the role played by compe-
tencies and skills, iii) the role that local and regional governments can play in renewing compe-
tence-building mechanisms and iv) the actions undertaken by innovation intermediaries (mainly
public). In contrast, other issues, already at the centre of the socio-economic debate, such as the
unbalanced power of technology corporations and the regional exposure to the risks associated
with the use of these technologies, have received less attention.

This review enabled the identification of gaps in the literature and laid the foundation for
the empirical analysis performed in chapters two and three, which rely on two core pieces of ev-
idence. First, the geographical mapping of 4.0 technologies has paid higher attention to the dis-
tribution of 4.0 inventions rather than to the distribution of 4.0 application-oriented innova-
tions. However, as pointed out by innovation researchers, inventions and innovations reflect dif-
ferent economic and social processes and therefore demand to be investigated autonomously
even when innovation is the direct and conscious effect of an invention (Schumpeter 1939).
Thus, to gain a comprehensive understanding of the dynamics governing the development and
diffusion of 4.0 technologies, it is necessary to complement existing studies on 4.0 inventions
with research specifically oriented towards innovation. Second, most of the studies reviewed do
not specifically target the ICT sector which is the backbone of 4.0 technologies (Laffi and
Boschma 2022). Literature on territorial servitization is an exception, but it focuses mainly on
the interconnections between manufacturing and service sectors (Lafuente, Vaillant, and Ven-
drell-Herrero 2019). For these reasons, the empirical analysis of this thesis targets KIBS and, in
particular, a subset of private technological KIBS engaged in the production and provision of ICT
services. These organizations have been selected not only because they are involved in ICT-
related activities but also because they are recognized in the literature as drivers of regional de-
velopment through knowledge generation, brokerage and adaptation activities (Strambach
2001; Muller and Zenker 2001; Corrocher and Cusmano 2014). Aligned with the existing litera-
ture, the main goal of the empirical investigation conducted in this thesis is to uncover the rela-
tionship between 4.0 service providers and the territory in which they operate in the 4.0 com-
petitive scenario. The study aims to understand how these organizations interact with and are

influenced by the specific characteristics of the territorial context in which they are situated.
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The second chapter delves into the geographical distribution of the technological service
providers involved in the provision of 4.0 technologies across Italian provinces. The objective is
to identify the existence of technological and territorial patterns that govern the diffusion of
these organizations (Meliciani and Savona 2015). The analysis draws on an original dataset
comprising information about all Italian t-KIBS whose NACE codes are connected to the produc-
tion/provision of ICT services. The database is further enriched with web data extracted from t-
KIBS websites and collected through web-scraping techniques. Specifically, for each of the 4.0
technologies, a set of keywords has been selected, reviewed, and validated in consultation with
an industry expert. The ATOKA platform developed by SpazioDati, was then utilized to search
for these keywords within the textual contents of firms’ websites. This keyword-based approach
allowed for the identification of the t-KIBS that might be involved in the production and/or pro-
vision of 4.0 technologies (4.0 t-KIBS from now on) and to map their distribution across Italian
provinces. Then, a probit model with sample selection was applied to identify the most im-
portant territorial and firm-related factors influencing the decision to provide 4.0 technologies.
The results confirm to some extent previous findings, as they indicate that the probability of t-
KIBS involvement in 4.0 activities is positively affected by firm'’s size, profitability, and co-
location with 4.0 manufacturers. In addition to this, the study makes novel contributions to the
above-mentioned literature, by pointing out the diffusion patterns of each 4.0 technology. The
main results reveal two key aspects: 1) there is a varying level of engagement among new organ-
izations (academic spinoffs, and innovative startups) with these technologies; 2) the role played
by demand from 4.0 manufacturers and urbanization economies differs across the technologies.

The third chapter examines the heterogeneous nature of the t-KIBS involved in the pro-
duction and provision of 4.0 technologies. The aim is to find out whether and to what extent the
characteristics of 4.0 t-KIBS differ according to the activities performed and the functions ful-
filled in the innovation system (knowledge generation versus knowledge intermediation and ad-
aptation). The theoretical framework of this study builds on KIBS variety literature (Freel 2006;
Consoli and Elche-Hortelano 2010). The empirical analysis draws on both the same database
built for Chapter 2 and data collected through an original survey of a sample of 259 4-0 t-KIBS
and 241 non-4.0-KIBS. The sample was proportionally stratified by firm size and firms were
randomly selected from each stratum. The data collection was conducted through structured
phone interviews using computer-aided telephone interviews (CATI) methods and was carried
out by a specialized agency.

The survey allowed for the collection of firm-level information that could not be re-

trieved from other data sources. It included information about the activities carried out by the
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firms, the geographical scope of these activities, the educational background of the firms’ work-
force, the innovation activities performed, the output and sources of these activities and the sec-
tor of application of their technologies. The empirical analysis of this chapter is split into two
parts. First, it explores whether and to what extent the peculiarities of 4.0 t-KIBS vary according
to their geographical scope and their innovation output. Then, using a matching technique, this
study compares some relevant characteristics of 4.0 t-KIBS with those whose activities are not
centred around 4.0 technologies. The findings portray 4.0 t-KIBS as innovative organizations
that extend their activities beyond local and regional boundaries. Interestingly and partially con-
tradicting past evidence, this is especially true for those t-KIBS that deliver customized innova-
tions. This observation is unexpected as it goes against the notion that these organizations de-
rive greater benefits from being co-located with their customers (Bettencourt et al. 2002; Muller
and Zenker 2001). Moreover, 4.0 t-KIBS are integrating non-STEM competencies and are more
likely to collaborate with firms that belong to the same business group. Finally, 4.0 t-KIBS that
are regionally anchored (i.e., they have not established an inter-regional network) are more like-
ly to develop services and technologies specifically for public administrations.

Overall, the empirical analysis of this thesis provides insights into the characteristics of
technological service providers engaged in 4.0 innovation activities, with a particular emphasis
on the territorial factors that affect their innovative behaviours, and on relationships that these
organizations develop with the surrounding environment. By examining the interplay between
space, technology, and innovation, the thesis contributes to a better understanding of the dy-
namics and determinants of 4.0 innovation within specific regions or territories.

The motivation behind this research stemmed from the absence of previous studies tar-
geting specifically these organizations, as revealed during the literature review conducted in
Chapter 1. By delving into this unexplored area, the thesis intends to fill the knowledge gap and
contribute to the understanding of technological service providers in the 4.0 innovation scenario
through the employment of various data collection techniques, such as web data, survey, and in-
terviews. These methods were selected to gather comprehensive and rich data, enabling deep
analysis of the technological service providers operating in the realm of 4.0 innovation. Howev-
er, further analyses are still needed to fully comprehend the peculiarity and the role played by
these organizations. For instance, by expanding the geographical scope of the analysis that in
this thesis is limited to the Italian economic landscape. By examining other regions or countries,
researchers can compare and contrast these findings, providing a broader understanding of the
territorial dynamics underlying the development and diffusion of 4.0 technologies in different

contexts. Further analyses could also explore how the trend towards vertical integration, which
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appears to be prevalent in the sector under investigation, is affecting the relationship between
these organizations and their surrounding environment. Specifically, it would be interesting to
understand what advantages are still tied to specific territories and what advantages arise from
being part of a larger corporate system. Additionally, findings from Chapter 2 suggest that fur-
ther insights could be gained from more in-depth examinations of specific technologies. By fo-
cusing on individual technologies within the realm of 4.0 technologies, researchers can explore
their unique characteristics, adoption patterns, and impacts on regional development. This
deeper analysis can provide valuable insights into the relationship between specific technolo-

gies, the behaviour of KIBS organizations, and the territorial dynamics surrounding them.
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Chapter 1

Territories in Industry 4.0 Transfor-
mations: a Systematic Review of the Lit-
erature

Abstract
In light of the growing interest in Industry 4.0 transformations, this chapter reviews whether
and to what extent territorial specificities, territorial proximity dynamics and the actions of re-
gional and local actors can affect the development and adoption of 4.0 technologies. To this end,
a review was conducted across the economic, managerial, and geographical studies that address
Industry 4.0-related issues in industrialized countries. As a result, a set of articles dealing with
the geographical and territorial dimensions of Industry 4.0 was identified and discussed using a
qualitative, narrative approach. The findings show that 4.0 knowledge production is unevenly
distributed across regions and strongly affected by cognitive path dependence. From a diffusion
perspective, the studies collected focus mainly on skills and competencies requirements. Other
territorial peculiarities affecting 4.0 technologies implementation, such as the production struc-
ture, the risks associated with 4.0 technologies and the territorial factors that could mitigate
them are still unexplored. The conclusions suggest future research directions for local and re-

gional studies that deal with Industry 4.0 transformations.

Keywords: Industry 4.0, local development, regional economics, systematic review
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Introduction
The term “Industry 4.0” was coined almost ten years ago to describe the technological transfor-
mations that could affect the manufacturing industry as a result of the rapid advances in digital
and automation technology (Schwab 2016). Due to the high expectations placed on these ad-
vanced technologies to support the so-called “Manufacturing Renaissance” (Chiarvesio and
Romanello 2018; Bellandi, De Propris, and Santini 2019), the debate has quickly gained momen-
tum in the worldwide policy and academic communities, going often beyond the technical con-
ception of the “smart factory” (Culot et al. 2020; De Propris and Bailey 2020). As a result, Indus-
try 4.0 can be broadly described as a new wave of IT-driven innovation that through the recom-
bination of existing knowledge (Cooke 2021) is profoundly changing not only the available tech-
nology but also the competitive and social environment in which manufacturing firms operate
(Marengo 2019; A. G. Frank et al. 2019; Mansell 2021). These changes are mainly based on the
specificities of advanced digital technologies, which unlike previous IT waves not only “mirror”
the physical reality we live in and enable the automation of repetitive tasks (Porter and Hep-
pelmann 2014) but also have the capacity to shape physical reality and replace and augment
knowledge intensive human activities (Baskerville, Myers, and Yoo 2020).

In light of this new socio-economic scenario, this chapter aims to examine and review
these transformations from a regional science perspective. More specifically, it investigates
whether and to what extent territorial specificities affect the development and diffusion of 4.0
technologies and what role local and regional actors can play in this phenomenon. So far, many
studies have gone in this direction, and have examined Industry 4.0 transformations both from a
normative and a positive point of view. Bailey and De Propris (2020) highlighted the challenges
that new 4.0 technologies bring to regional development while Dosso (Dosso 2020) and Czvetkd
and Honti (Czvetkd, Honti, and Abonyi 2021) showed how different regions are differently pre-
pared for these changes. Looking at patents at the regional level, Balland and Boschma (2021)
and Corradini et al. (2021) mapped the places where new technologies are invented while Capel-
lo and Lenzi analysed where these technologies are or could be applied (2021a) and identified
various regional patterns of 4.0 transformations (2021b). Other studies try to document what is
happening in single territories and what kinds of innovation and adaptation mechanisms can be
activated at the regional and local level in the face of the new socio-technological paradigm (Bel-
landi et al. 2020; Pagano et al. 2020; Hervas-Oliver 2021; Doloreux and Turkina 2021).

Based on the evidence now accumulated in the literature, this chapter reviews and sums
up the main lessons that can be drawn on the role of the territory in Industry 4.0 transfor-

mations. Does geographical proximity still matter? What is the role of clusters, cities, and re-
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gions? To what extent are local specificities that have long been described in the literature such
as production traditions, the regional knowledge base, the capacity for collective action, social
networks linking actors inside and outside the system, dynamics of competition-cooperation and
the role of change agency still relevant in these changes? Although the time is not yet ripe for a
definitive overview of all the possible implications of what many researchers have defined as the
new socio-technical paradigm, a first review of the available evidence may be useful to systema-
tise the knowledge already exists and to understand which aspects still need to be explored.
Based on this belief, a literature review was conducted, using a hybrid systematic narrative ap-
proach, to analyse whether the core idea of local and regional economic development theories,
namely the relevance of local socio-economic forces, also applies to the development and diffu-
sion of the 4.0 technologies in industrialized countries. As the topic is still young and not much
codified, standard bibliometric techniques were combined with a more traditional narrative ap-
proach. A wide range of management, economic, and geographical studies, that deal with Indus-
try 4.0 were examined. The analysis was not limited to papers that explicitly mention terms such
as region, cluster, territory or industrial district, on the contrary, the search was kept as broad as
possible, in the conviction that a key to understanding the role of territory and the peculiar dy-
namics of interest can also be found in studies that do not explicitly mention territory related
keywords. Moreover, reviewing contributions that come from various streams of studies, and
thus taking heterogeneous perspectives, allowed for a more comprehensive overview of the top-
ic under investigation. After systematising the available knowledge on the role of territory in In-
dustry 4.0, some open issues were identified on which the literature does not yet provide ex-
haustive answers, and which could therefore usefully be the subject of future research.

The rest of the chapter is structured as follows. The first section illustrates the interpre-
tative framework chosen, the second section describes the method and procedures followed in
the systematic literature review and the third and fourth sections summarize and discuss the
material collected. The final section summarizes the conclusions and the existing gaps in a sys-
tematic manner and provides some suggestions for future research directions for local and re-

gional studies dealing with Industry 4.0.

1. The Interpretative Framework
Various consolidated strands of geography, sociology and economics have studied the role of
territory in innovation and economic development (Storper 1995; Camagni and Capello 2020).
This section presents some of the key findings of this literature which have emerged from stud-
ies since the 1970s, some of which have their roots in the context of the first industrial revolu-
tion, with the work of Alfred Marshall (Marshall 1920). These arguments are formulated in
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terms of key concepts that will guide this analysis of the role of territory in Industry 4.0 trans-
formations. The aim is to understand whether the 4.0 literature draws on these concepts and to
what extent they are still relevant in the new socio-technical and economic scenario character-
ized by increasing globalisation and virtualization of knowledge production (Malecki 2017) and
the established power of digital monopolies and corporate innovation systems (Rikap and
Lundvall 2020; Feldman, Guy, and lammarino 2021).

To clarify the scheme of reasoning underlying this review, a clarification of the meaning
of “the role of the territory” is necessary. The interpretative framework is based on those studies
that understand economic development as a path-dependent and localised process hampered
and fostered by context-specific (endogenous) forces that pertain not only to the economic
sphere but also to the social, political, and institutional ones. A territory can be understood as
the place of action of these forces, moulded not only by geographical proximity but also by dif-
ferent forms of proximity (Boschma 2005). This perspective is at the core of various streams of
research such as those on industrial districts (Becattini 1989; 2017), innovative milieu (Camagni
1991), clusters (Porter 1998), knowledge networks (Saxenian 1996), regional innovation sy-
stems (Cooke, Gomez Uranga, and Etxebarria 1997) and learning regions (Asheim 1996). All
these approaches share a common interest in understanding how external economies and terri-
torial-based factors affect economic development and innovation (Bellandi 1992) and trigger,
under certain conditions, collective learning processes (Camagni 1991; Capello 1999; Lambooy
and Boschma, 2004).

The following paragraphs present the aspects investigated in this review, which reflect
the main theoretical concepts commonly adopted in the literature on local and regional devel-
opment.

Firstly, the review examined whether agglomerations still play a role in 4.0 transfor-
mations. Agglomerations represent a core concept in regional economics and local development
theories (Capello 2009) and extensive research has delved into the specific mechanisms under-
lying agglomeration economies, such as labour pooling, knowledge spillovers and input-output
linkages (Marshall 1920). However, given the evolving nature of these mechanisms (Steijn,
Koster, and Van Oort 2022), it is crucial to understand whether and how they operate in the 4.0
scenario. Specifically, what is the role of manufacturing clusters and specialization economies?
What about cities and urbanization economies? Do these spatial scales retain their relevance,
and for what kind of processes are they relevant?

Additionally, to agglomeration economies, the review also addressed other core argu-

ments that have animated the regional economics debate over the last decades. These argu-
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ments encompass the factors, conditions, and mechanisms that traditionally, according to the

various theoretical approaches listed earliest, help regions in sustaining economic development

and innovation activities. While the list presented below may not comprehensively cover every

aspect, it is nonetheless representative of the current state of the debate. In light of this premise,

the review has investigated:

the relevance of the regional knowledge base, the presence of productive traditions and
local specialized knowledge, which constitutes a basis (but also a constraint) for future
development (Asheim 2007). This sub-section reflects the increasing interest put in
knowledge by regional economists (Capello 2008) and its goal is to examine what role
play regional expertise in shaping the development and the diffusion of 4.0 technologies;
the regional pre-conditions that affect, in a path-dependence way, these processes and
the different sources of path development (Martin and Suzley 2006; Hassink, Isaksen,
and Trippl 2019). The question at hand is whether the path-dependency perspective ap-
plies to the development of 4.0 technologies or if the emergence of these technologies is
considered a transformative event compared to the past;

the role of local actors and local leadership in driving regional development (Grillitsch
and Sotarauta 2020; Sotarauta, Kurikka, and Kolehmainen 2021). Building on the litera-
ture on change agency, this perspective shifts its focus on the role of local actors, such as
entrepreneurs, firm leaders, governments and so on, as agents able to trigger radical
processes;

the importance of local and regional policy and strategic planning in guiding and sup-
porting regional development initiatives (Bailey et al. 2010; Bellandi and Caloffi 2016)
Local and regional policies serve as crucial frameworks that provide coordination and
support to address region-specific needs. However, in the context of 4.0 technologies,
there is a need to explore which policies should be implemented at the local and regional
levels to effectively support the development and diffusion of these technologies;

the dynamics of competition, which drive companies to innovate by imitating the behav-
iour of local competitors and facilitating the selection and diffusion of relevant innova-
tion in the area (Boschma and Lambooy 2002b; Staber 2010). To which extent do these
processes apply also to the new 4.0 competitive scenario?

the role of networks of relations linking internal and external agents, which can facilitate
the entry of external knowledge into the regional system and the circulation of
knowledge within the system (Giuliani 2005; Morrison 2008). In a global economy, ex-

ternal linkages are fundamental for the development of regions and local production sys-
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tems. Therefore, it is important to understand the role of both local and non-local net-

works also in the 4.0 competitive scenario.

2. The Research Method

To capture the driving themes and the main evidence arising from the ongoing debate on the
territorial dimensions of Industry 4.0, a literature review was conducted using a hybrid system-
atic-narrative approach (Bahoo, Alon, and Paltrinieri 2020; Paul and Criado 2020). This ap-
proach allowed for the integration of both bibliometric and content-based analysis. Specifically,
the articles included in this review were selected through a systematic procedure and subse-
quently analysed using a more traditional narrative approach.

A systematic literature review (SLR) requires the respect of a predetermined research
protocol, which is presented below.

To select the pertinent articles, a keyword search on the ISI Web of Science Core Collec-
tion database (including the SSCI, A&HCI, CPCI-S, PCI-SSH, BKCI-S, BKCI-SSH and ESCI citation
index) was performed using the following string of words combined with the use of Boolean op-
erators:

("digital technolog*" OR "Industry 4.0" OR "Industry 4" OR "14.0" OR "advanced
ICT*" OR "fourth industrial revolution” OR "4.0 technolog*")

Explicit keywords such as “industrial districts”, “clusters” or “regions” were not added to
the query on purpose. Firstly, attempting to cover the numerous terms used in geographical and
territorial studies would have been a complex and most likely ineffective task. Secondly, keeping
a broad search string enabled a wider coverage of the topic, facilitating the inclusion of addition-
al contributions that could provide valuable insights into the geographical and territorial dimen-
sions of Industry 4.0. Specific technologies (such as artificial intelligence) were not included in
the query because including all the possible technologies and all the possible keywords associat-
ed with each technology would have produced too many results and would have made the quali-
tative content analysis too complex.

The search was originally performed in April 2021 and updated to December 2022. Giv-
en the large number of articles returned (more than 33 thousand on the first run of the query),
restriction criteria were applied. First, the search was limited to peer-reviewed articles pub-
lished in English between January 2015 and December 2022 in one of the following Web of Sci-
ence categories: Business, Economics, Management, Regional and Urban Planning and Geogra-
phy. The choice of the timespan reflects the temporal trend of the publications, which shows a
sharp increase from 2015. An additional, journal-based restriction was applied. Specifically,

were only considered articles published in a journal ranked Q1 (first quartile) in the SCima-
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go Journal Rank (SJRII) in at least one of the following years: 2018, 2019, and 2020. By applying
these restriction criteria, a list of 1,934 articles was obtained.

Subsequently, the titles and abstracts were analysed to exclude those that dealt specifi-
cally with Industry 4.0 in developing countries; with the impact of 4.0 technologies on a specific
function of the business value chain (e.g., marketing, human resources management, supply
chain management); or with the diffusion of new digital technologies in specific sectors other
than industrial ones, such as tourism, health, agriculture, finance and banking, media and crea-
tivity, households, and consumers. The latter decision is motivated by the need to narrow down
this review to the “Industry 4.0” debate which is primarily about industrial sectors and manufac-
turing (even though 4.0 technologies can be used in multiple application domains). In this re-
gard, it is worth noting that although many of the articles included in this review position them-
selves within the “Industry 4.0 debate”, they do not specifically target technologies developed
for manufacturing, but rather examine 4.0 technologies in broader terms, without considering
the scope of application.

Then, to identify the contributions that offer a geographical and territorial perspective, a
detailed screening of the remaining articles was performed (in many cases the full article was
read). Editorial and literature reviews were also excluded. To provide the reader with an over-
view that is as comprehensive as possible, the discussion was complemented with additional
contributions that were not included in the systematic review but are useful contributions to the
debate!.

The final output is a list of 75 articles that will be reviewed and discussed in the next sec-
tions using a traditional narrative approach. Topic modelling techniques were not applied be-

cause the perspective of interest may not have been the central topic of the article.

3. An Overview of the Selected Literature
The final set of selected articles includes theoretical contributions, editorials, and empirical
studies. In terms of sources, the articles are mainly published in three journals: European Plan-
ning Studies (14), Regional Studies (13), Competitiveness Review (8) and Technology Forecast-
ing and Social Change (4). The remaining articles are spread over 26 journals, as shown in Table

1.

1 Table 2 reports, in parentheses, whether the articles have been manually added. Only articles that have a
clear reference to the 4.0 transformations and adhere to the selection protocol were included.
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Table 1: Number of peer-reviewed articles per journal

Source Title Num_b er of
articles

European Planning Studies 14

Regional Studies 13

Competitiveness Review

Technological Forecasting And Social Change
Regional Studies Regional Science

Journal Of Manufacturing Technology Management
International Business Review

Journal Of World Business

Economics Of Innovation And New Technology
Local Economy

Papers In Regional Science

Annals Of Regional Science

Thunderbird International Business Review
Industry And Innovation

Operations Management Research

Journal Of Industrial And Business Economics
International Journal Of Logistics Management
Computers And Society

Journal Of Enterprise Information Management
Competition & Change

Global Strategy Journal

Journal Of Technology Transfer

Economic And Labour Relations Review
Cambridge Journal Of Regions Economy And Society
Technovation

European Research On Management And Business Economics
The Annals Of Regional Science

Multinational Business Review

New Technology Work And Employment

Journal Of Knowledge Management

I T T T = S e e e e N S N T = = = = CTE CR R R R NCRRN R U R o)

22



Chapter 1

The temporal distribution of these articles shows that the academic debate is still in its infan-

cy, with the majority of the articles published in 2021 (Figure 1). This partly reflects the evolu-

tion of the public debate on new digital technologies in manufacturing which has grown steadily

since the neologism Industry 4.0 was coined in 2011 (Culot et al. 2020)

42

18
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3 1
= - BB B
2017 2018 2019 2020 2021 2022

Figure 1: Number of peer-reviewed articles per year

Figure 2 presents key information about the methodology employed in the selected stud-

ies. The articles were categorized using the following categories in line with the taxonomy pro-

posed by Khaldi (2017):

i.

il.

iil.

iv.

Vi.

Qualitative studies that rely on a single or multiple case studies

Qualitative studies that exploit secondary data

Quantitative studies that seek to establish a causal relationship between two or
more variables

Quantitative studies that perform descriptive research (no causal inferences)
Theoretical studies not based on empirical evidence

Studies that rely on both quantitative and qualitative methodologies
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Mix method [l 3
Theoretical Research [l 3
Qualitative - Content Analysis [N 7

Quantitative - Descriptive Research [N ©

Quantitative - Causal-comparative Research [ NN 22
Qualitative - Case Study Research [N 31

Figure 2: Number of peer-reviewed articles per methodology

In Figure 3, the articles are grouped according to the unit of analysis adopted by the au-
thors. As expected, the majority of the studies adopt a meso-level perspective and target regions,
clusters or industrial districts, cities, industries, or networks. On the other hand, a firm-level
perspective is taken by a smaller number of studies (15). These studies focus mainly on the role
of external linkages and on the impact that 4.0 technologies are having on the localization choic-
es of firms. At the end of the findings section, Table 3 reports these descriptive statistics for each

of the sub-sections discussed.

Meso level - Industry [l 2
Meso level - Network [l 2
Meso-level - City [N ©
Firm-level [ 15
Meso-level - Cluster/ID |GGG 17

Meso-level - Region | —— 33

Figure 3: Number of peer-reviewed articles per unit of analysis
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4. Findings
This section delves into an in-depth analysis of the selected articles, leveraging the conceptual
framework presented in Section 1. The primary objective is to gain insights into the extent to
which territories are embracing and fostering the development and diffusion of 4.0 technologies,
what is the role of geographical proximity; what are the main issues and outcomes of the ongo-
ing debate. To assist the reader, Table 2 (below) briefly summarizes the articles scrutinized. The
articles have been grouped into eight sub-sections according to the main topic addressed by the
authors. Each sub-section discusses the contents of the papers and highlights at the end of the
section the existing gaps. Sub-sections 1 to 7 analyse the territorial factors and the conditions
that affect the development and the diffusion of 4.0 technologies. Section 8, instead, collects
those papers that have investigated the impacts of these technologies on regional economies and
firms' localization decisions.

Before the conclusion section, Table 3 summarizes the main characteristics of the articles
discussed in each sub-section. The table highlights the unit of analysis and methodology adopted
while the full list of the articles and their respective characteristics are provided in Table A1l in

the Appendix.
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Table 2: List of the selected peer-reviewed articles

Section

Selected Peer-reviewed Articles

Section 1: Industry Clus-
ters and Urban Spaces: are
they still Relevant?

=

RO ®NOUTAWN

GOtz and Jankowska 2017

Gotz 2020

Grashof et al. 2020

Jankowska, Di Maria, and Cygler 2021
Fromhold-Eisebith at al 2021

Busch et al. 2021

Greef and Schroeder 2021

Acs 2022

Rainnie 2021

. Cetindamar, Lammers, and Zhang 2020

Section 2: The Role of the
Regional Knowledge Base

. Balland and Boschma 2021

. Corradini, Santini, and Vecciolini 2021
. Laffi and Lenzi 2021

. Capello and Lenzi 2021a

. Ciffolilli and Muscio 2018

. Muscio and Ciffolilli 2020

. Laffi and Boschma 2022

. Russo et al. 2022

Section 3: Industry 4.0,
Path Dependency and Re-
gional Path Development

19.
20.
21.
22.
23.

Isaksen et al. 2020

De Propris and Bailey 2021
Capello and Lenzi 2021b
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4.1 Industry Clusters and Urban Spaces: are they Still Relevant?

The first set of articles discusses the role of agglomeration economies in promoting the devel-
opment of 4.0 technologies, both in terms of inventive activities and application-oriented inno-
vations. This debate partly reflects the traditional distinction between localization and urbaniza-
tion economies and does not yet lead to a clearly defined framework.

Some studies discuss the hypothesis that clusters are a more favourable environment for
the development and testing of 4.0 technologies (Gotz and Jankowska 2017; Gotz 2020; Grashof
et al. 2020; Jankowska, Di Maria, and Cygler 2021; Fromhold-Eisebith et al. 2021). The main ar-
guments do not differ from those traditionally put forward when discussing localization econo-
mies and deal with local availability of competencies and skills, repeated and continuous interac-
tions between co-located actors and reduced uncertainty, as conditions that favour collaboration
and sharing of tacit knowledge. This is the case of Gotz (2020) and Gotz and Jankowska (2017),
both dealing with Industry 4.0 in German clusters, Jankowska, Di Maria, and Cygler (2021) who
studied the importance of cluster-specific advantages for foreign affiliates in the context of In-
dustry 4.0 in the Aviation Valley in Poland and Fromhold-Eisebith et al. (2021) who focused on
firms located in German textile clusters (2021). Grashof et al. (2020) instead investigated the
short-term impact of the development of advanced manufacturing technologies on firms’ inno-
vation capabilities. Their findings do not confirm a direct link between cluster theory and Indus-
try 4.0, but they do show how certain cluster specifics, in particular the size of the cluster and
the extent of external relations, can affect the ability of cluster firms to benefit from the adoption
of these technologies.

These results do not provide a complete picture and further research is needed to con-
sider the role of other contextual variables. Moreover, empirical evidence is required to substan-
tiate the speculative nature prevalent in several of the analyzed papers. Additionally, these stud-
ies do not clarify whether there are differences between clusters of core and enabling technolo-
gies, and clusters of application domains, in terms of the technological development they sup-
port (radical or incremental innovations), the mechanisms in place and the actors involved. Still
unexplored is the nature of the relationship that exists, and, if applicable, the extent of the inter-
dependencies (Enright 2000; Bellandi 2001) between industry clusters and the undisputed
leaders of the ongoing 4.0 transformations, namely the global tech giants. Tech giants are indeed
responsible for most of the 4.0 patent applications (EPO 2017; Ardito, D’Adda, and Messeni
Petruzzelli 2018; Fujii and Managi 2018) and the development and management of the main in-
dustrial platforms. Moreover, as described by Rikap and Lundvall (2020) and Feldman et al.

(2021) these firms are the core of monopoly-based clusters and their activities are often charac-
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terized by predatory practices and asymmetric relationships with their partners (both universi-
ties and companies). Despite this evidence, the consequences of the increasing power of digital
tech companies cluster have not yet been sufficiently in regional and local development studies.

Alongside clusters, the discussion about the places of development of 4.0 technologies,
has also emphasized the role of urban spaces. Cities have traditionally been described as places
where invention and innovation thrive (Breschi and Lenzi 2016; Capone, Lazzeretti, and Inno-
centi 2021; Florida, Adler, and Mellander 2017) and where complex technologies are developed
(Balland et al. 2020). Recent studies, mainly conducted in the US, have highlighted that urban
contexts are loci of creativity (both for inventions and new applications) even in the new techno-
logical scenario (Zukin 2020). Acs (2022) emphasized the crucial role that cities still play in the
global platform economy, as places where knowledge and new ideas are brought to market. Ad-
ler and Florida (2021) showed how the development of urban services (e.g. smart mobility, on-
demand delivery services) is concentrated in a few leading tech hubs located in very large cities,
near leading universities.

When it comes to the application of 4.0 technologies in manufacturing, the evidence col-
lected is still scarce. Some indications can be found in the works of Busch et al. (2021) and Greef
and Schroeder (2021). Both studies focus on German regions and emphasise the importance of
urban areas located in highly industrialized regions for the development of Industry 4.0 technol-
ogies. Specifically, Busch et al. (2021) focused on the emergence of new forms of digital urban
production, that, unlike traditional incumbents, integrate design and production phases. By lo-
cating in urban spaces, these companies benefit from proximity to their customers, the presence
of a highly skilled workforce and knowledge spillovers from other digital companies and re-
search institutions. Greef and Schroeder (2021) also show how the implementation of Industry
4.0 mainly takes place in the strongest industrial centres which are characterized by the proxim-
ity to a university city, and the presence of large companies with high levels of R&D expendi-
tures. Both studies emphasise the positive spillover effects resulting from collaboration with
Universities and research centres. However, the presence of a thriving academic environment is
not always a sufficient condition. In their longitudinal study of the structure of the Artificial In-
telligence knowledge base in Sydney, Cetindamar, Lammers, and Zhang (2020) show that, de-
spite the presence of a strong knowledge base (measured by the number of academic publica-
tions), knowledge spill-overs are limited because the city has not been able to convert this
knowledge into localized knowledge.

In summary, the evidence gathered lacks the ability to offer a definitive understanding of

the specific advantages associated with agglomeration, both in the form of urbanization and spe-
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cialization economies. This deficiency arises from two main factors: the speculative nature of
some of the analysed articles and the case-study approach employed in others, which limits the
generalizability of their results. Despite the great attention paid to knowledge spillovers, further
studies should attempt to quantify the impact and the relevance of the different types of agglom-

eration economies, including labour pooling, and input-output relationships.

4.2 The Role of the Knowledge Base
In this second line of enquiry, the focus shifts to the spatial distribution of the production centre
of 4.0 knowledge and the role that regional expertise plays in shaping the development of these
technologies. To explore the geography of 4.0 knowledge, scholars have mainly relied on patents
(Balland and Boschma 2021; Corradini, Santini, and Vecciolini 2021; Laffi and Lenzi 2021; Capel-
lo and Lenzi 2021a; Laffi and Boschma 2022) and research data (Ciffolilli and Muscio 2018;
Muscio and Ciffolilli 2020), thus focusing on processes of formal knowledge production.

Balland and Boschma (2021) tested the hypothesis that a strong presence of 4.0-related
technologies has a positive effect on the capacity of a region to specialize in new 4.0 technolo-
gies. They then used the 4.0 relatedness framework to map which European regions have the
potential to become centres of knowledge production for 4.0 technologies. The final map shows
the “future” potential geographies for each of the technologies considered. These geographies do
not overlap completely as they rely on different related technologies, located in different regions
of Europe. Furthermore, the findings suggest potential inequalities between and within coun-
tries as the majority of regions involved in the production of 4.0 knowledge are located in a few
countries. Similar results were obtained by Corradini, Santini and Vecciolini (2021), who also
used the technological relatedness approach to investigate the intra-regional linkages between
Industry 4.0 patents and other regional patenting activities. Their results confirm the im-
portance of cumulated technological capabilities and spatial proximity for certain 4.0 technolo-
gies, particularly robots and 3D printing, which tend to be more spatially concentrated. On the
other hand, technologies like Big Data and IoT are more spatially distributed. In addition, the
study shows that Industry 4.0 transformations seem to be propelled, to some extent, by the
presence of a regional knowledge base related to information and automation technologies. Sim-
ilarly, the patent analysis conducted by Laffi and Lenzi (2021) and Laffi and Boschma (2022)
highlights that the geographies of 4.0 technologies do not fully overlap with the ones of 3.0 tech-
nologies (Information and Communication Technologies). Indeed, even though ICTs remain the
backbone of 4.0 technologies, they unleash their potential mostly when they are combined with
more traditional technologies not pertaining to the digital sphere. This is the case with the new

“islands of innovation”, i.e. European regions that have developed leadership in Industry 4.0 de-
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spite not having a strong background in information and communication technologies (Capello
and Lenzi 2021a). In these regions, characterized by high levels of technological originality, crea-
tivity and a vibrant entrepreneurial fabric, patenting activities in 4.0 technologies are not linked
to core ICT technologies, but to the ability to exploit the combinatorial opportunities of the 4.0
paradigm. Despite they are small in numbers, assessing and understanding the processes in
place in these regions could help reduce the geographical inequalities highlighted by Balland and
Boschma (2021).

Additional insights into the geography of the 4.0 knowledge production were gained us-
ing data on EU funding and networking. In line with the results obtained from patent data, Mus-
cio and Cifolilli (2018; 2020) showed that the capabilities required to develop a broad range of
Industry 4.0 technologies are concentrated in a few European regions, while the remaining re-
gions specialize in a limited number of technologies or are not involved at all in an Industry 4.0
research project. Furthermore, the authors highlighted that the regions that can integrate sever-
al Industry 4.0 technologies: a) attract more EU funds, b) play a central role in orchestrating re-
search networks and c) participate in several interregional collaborative research networks. In
this way, they generate a virtuous circle that strengthens their capacity to develop new
knowledge (Muscio and Ciffolilli 2020).

While the aforementioned studies considered a broad set of 4.0 technologies, Russo et al.
(2022) focused on a specific technology: the Internet of Things (IoT). To map the diffusion of IoT
competencies across European regions, the authors applied an original methodology as they
identified the relevant NACE codes associated with specific [oT-related activities by performing
automated text analysis of textual descriptions of firms’ activities. This mapping aims to uncover
the diffusion of IoT activities across European firms and European regions from an application-
oriented perspective. The results show the fragmentation of the IoT value chain and the exist-
ence of an “loT gap”, confirming the findings of the patent-based studies.

In summary, the studies discussed in this section highlight the importance of regional
availability of competencies in technologies related to Industry 4.0, including automation and in-
formation and communication technologies, for specializing in the production of 4.0 technolo-
gies, although exceptions occur (Capello and Lenzi 2021a; Laffi and Lenzi 2021). Second, they
warn of the interregional inequalities that characterize the 4.0 transformations, as the techno-
logical competencies needed to develop these technologies are concentrated in a few European
regions and a few countries (Balland and Boschma 2021; Russo et al. 2022). The studies collect-
ed rely mainly on patents and R&D data. It is important to note that while this data can offer val-

uable information on the geography of inventive activities, they may not capture all forms of in-
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novations. Therefore, it may be useful to consider a more comprehensive knowledge base and

incorporate other sources of information, such as industry reports or market data.

4.3 Industry 4.0 and Regional Path Development
In this section, attention is drawn to the studies that deal with the multiple processes of change
prompted by the development and diffusion of 4.0 technologies. These studies acknowledge that
these processes may vary from region to region, depending on the industrial knowledge base,
institutional setting, and social and economic structure of a given territory (Isaksen et al. 2020;
De Propris and Bailey 2021; Capello and Lenzi 2021b; Capello, Lenzi, and Panzera 2022) which
in turn affects the extent to which regions perceive the changes associated with 4.0 technologies
as expected or unexpected (Scherrer 2021).

[saksen et al. (2020) and De Propris and Bailey (2021) built their conceptual frameworks
with the support of empirical case studies. Isaksen et al. (2020) described the digital transfor-
mation of regions as a complex process of asset modification, which relies on the re-use of exist-
ing assets, the creation of new assets and the destruction of obsolete ones. Thus, different paths
of asset modification are possible and each of them is the result of a different digital transfor-
mation that reflects a region’s capacity to 1) generate scientific knowledge; 2) apply the new sci-
entific principle in the development of digital products and services and 3) use digital technolo-
gies in established and novel production activities. Following the literature on evolutionary path
development and technological transitions, De Propris and Bailey (2021) have instead identified
four transformative pathways in which a region may incur: the endogenous transformation path,
the hyper-transformation path, the importation transformation path and the regional obsoles-
cence path. Within this framework, each path is the result of a different combination of endoge-
nous capabilities and exogenous forces. However, the decisions and investments made by key
businesses and other local actors such as local collective organizations and local governments
can alter the path-dependency nature of these processes and prompt the leap to other pathways.

Looking at the changes in value creation models enabled by 4.0 technologies, Capello and
Lenzi (2021b) and Capello, Lenzi and Panzera (2022) outlined and mapped a variety of 4.0 re-
gional transformations each reflecting, in a path-dependent way, the industrial structure and
technological specialization of a region. Capello and Lenzi (2021b) highlighted the differences
between the main business models enabled by 4.0 technologies. In their taxonomy, the authors
distinguish between radical, complex, and less frequent patterns, labelled respectively Industry
4.0 and Servitization, and less drastic ones, digitalisation of traditional services, robotisation of
traditional manufacturing and niches of robotisation. From a spatial perspective, the authors

show how servitization patterns are more common in highly urbanised regions, while Industry
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4.0 patterns involve mainly regions that have a stronger tradition in advanced manufacturing.
Furthermore, regions involved in radical transformations are characterized by higher patent in-
tensity, education, creativity and entrepreneurship, digital literacy and the presence of a vibrant
industrial tissue. Lastly, Capello, Lenzi and Panzera (2022) shifted the focus on the various busi-
ness models that characterize the digital service economy, each reflecting the involvement of dif-
ferent actors and different sources of value creation. The results show in which European re-
gions the value creation models are present. Regions with the largest urban areas are character-
ized by the presence of all the forms of the digital service economy while in the most industrial-
ized regions the value creation model associated with the “produce-service economy” is prevail-
ing.

The last two papers described are built on empirical evidence and outline the expected
trajectories for European regions, given the technological and industrial specialization inherited
from the past. However, it should be taken into account that deviation from the established tra-
jectory may occur, as highlighted also by the authors themselves in one the papers examined in
Section 4.2 (Capello and Lenzi 2021a). In that particular paper, Capello and Lenzi described the
emergence of “islands of innovation”, regions that, despite lacking information and communica-
tion technologies are at the forefront in the development of 4.0 technologies. These regions defy
the traditional expectations based on their existing industrial and technological specialization,
demonstrating that unique circumstances and factors can propel them to the forefront of tech-
nological advancements. This observation emphasizes the dynamic and evolving nature of tech-
nological transitions and the potential for unexpected trajectories to emerge. It highlights the
importance of considering factors beyond the initial expectations based on a region's industrial
background, as various influences and local initiatives can shape the direction of technological

development (De Propris and Bailey 2021).

4.4 Change Agency and the Role of Local Leaders
As stressed by path-development literature, place-based leadership can shape regional trajecto-
ries (Grillitsch and Sotarauta 2020). Using a qualitative case study approach, the articles collect-
ed in this section describe the actions of local and regional actors and the role of system-level
agency in the 4.0 transformations (Pagano et al. 2020; Hervas-Oliver et al. 2019; Hervas-Oliver
2021; Ramirez 2021; Lund and Vildasen 2022; Micek et al. 2022). The goal of these studies is not
to prove the effectiveness of these actions but to highlight their existence and their potential ca-
pacity to affect local and regional development.

Pagano et al. (2020) illustrated the dissemination mechanisms of Industry 4.0 knowledge

within the Pesaro industrial districts and the progressive engagement of local stakeholders in
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the 4.0 transition. The authors highlighted two main diffusion patterns: the first one, was led by
a few local pioneers (mainly large companies, knowledge providers and universities), who au-
tonomously approached 14.0 technologies with the support of external actors. The second, sus-
tained by the efforts made by local Government, universities, business associations and
knowledge providers who sought to promote the visibility of the Industry 4.0 Government Plan
and stimulate the awareness of local firms towards Industry 4.0, by organizing training courses,
workshops, and formal/informal business interactions. Similarly, Micek et al. (2022) described
the regional path toward Industry 4.0 of the Slesia Region in Poland as a combination of business
and system-level agency, driven by a balance of exogenous and endogenous resources.
Hervas-Oliver instead described the transition to Industry 4.0 of two Spanish industrial
districts the Ceramic Tile District of Castellon (Hervas-Oliver et al. 2019) and the Toy Valley Dis-
trict (Hervas-Oliver 2021) by focusing on how the actions of collective actors (e.g., professional
associations or public technology transfer offices), with policy support, can trigger and sustain
the digital transformation of a traditional industry. The central idea is that the leadership of col-
lective actors supported by “right place-based policies”, can positively leverage the institutional
isomorphism that often leads to lock-in and cognitive inertia. In these case studies, by organizing
networking activities or acting as technological and institutional brokers, collective actors were
able to remove the barriers to change and foster an endogenous collective reflection aimed at
developing a collective understanding of new technologies. In these cases, existing social rela-
tions, collective identity, and shared vision facilitated, rather than hindering, the collective tran-
sition toward Industry 4.0. Issues related to change agency-related are also discussed by
Ramirez (2021) who investigated the sociotechnical transition to a bio-economy of the Viarm-
land Region in Sweden. The region, historically specialized in processing forestry raw materials,
is undergoing a green transition opened up by the diffusion of 4.0 technologies. The author
stressed the pivotal role that cluster organization has played in this transformation. Pushed by
the regional and national Governments, it has been able to formulate a new regional strategy
that involves different regional stakeholders and, above all, overcomes the inability of multina-
tional companies based in the region to make strategic decisions. Similarly, Lund and Vildasen
(2022) described the process of path extension triggered by the diffusion of 4.0 technologies in
the Raufoss manufacturing region in Norway. Here the authors explicitly emphasised how the
actions of regional policy makers and industry leaders have been strongly affected by the global
and national narrative about Industry 4.0 which triggered a shift in technological expectations.
In summary, as already mentioned at the beginning of this section, the studies here col-

lected describe how local place-based leadership can affect the process of 4.0 technology diffu-
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sion and development. A significant limitation of this approach lies in the absence of evaluation

regarding the efficiency of these local actions.

4.5 Regional and Local Policy for Industry 4.0
Change agency is often associated with policy design and implementation as the actions of poli-
cy-makers can affect place-specific assets and activate change processes (Hassink, Isaksen, and
Trippl 2019). Managing the 4.0 transformations at the regional level is often motivated by the
recognition that regional characteristics, such as skill composition, industrial structure, position
in the global value chain, and institutional environment, can deeply affect the 4.0 readiness of
regions (Bianchi and Labory 2019; U. Hilpert 2021; Chung and Chung 2021; Sandulli, Gimenez-
Fernandez, and Rodriguez Ferradas 2021; Baker, Gaspard, and Zhu 2021; Bilbao-Ubillos,
Camino-Beldarrain, and Intxaurburu-Clemente 2021; Labory and Bianchi 2021; Da Roit and [an-
nuzzi 2022). This approach does not undermine the need for national and international inter-
vention, for instance on issues of standard regulations (Bianchi and Labory 2019), but rather
recognizes regional diversity and suggests that non-spatially blind policies could target regional
needs more effectively, especially in the presence of an uneven distribution of technological ca-
pabilities across regions (Chung and Chung 2021). So, what role for regions? The studies re-
viewed agree that regional policy should focus primarily on i) developing an adequate set of
skills and competencies; ii) providing digital infrastructures, iii) supporting private and public
R&D; iv) promoting the establishment of internal and external networks between firms, univer-
sities, research centres, and educational institutions, also through the development of networks
of intermediaries (Baker, Gaspard, and Zhu 2021); and v) promoting a coordinated system of in-
dustrial relations (Da Roit and lannuzzi 2022). The right mix of these policy instruments should
reflect the structure of the regional knowledge base, the stage of development of the regional 4.0
business ecosystem (Sandulli, Gimenez-Fernandez, and Rodriguez Ferradas 2021) and take into
account the productive, institutional and technological needs, specific to the local and regional
context (Bilbao-Ubillos, Camino-Beldarrain, and Intxaurburu-Clemente 2021; Hervas-Oliver et
al. 2022).

In addition to regional policies, some authors discussed the relevance of local policies.
Hervas-Oliver et al. (2019; 2021; 2022) highlighted the importance of local place-based policies
for Industry 4.0 which should be “co-designed, openly discussed, tailored and implemented in a
very local-sensitive approach” (Hervas-Oliver et al. 2022). This approach is in line with that of
Bellandi, De Propris, and Santini (2019) and De Propris and Bailey (2020), both outside the
scope of this review. The focus here is on the transition of traditional productive systems charac-

terized by a population of specialized SMEs. The core idea is that local policy should take a sys-
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tem-based approach to Industry 4.0 based on i) the provision of new public goods specific to the
industry and ii) the coordinated governance of a set of quadruple helix actors, working together
to achieve a digital transformation that is compatible with the productive core and social identi-
ty of the local production system (ibid.).

The European Commission has also advocated for a place-based approach to Industry
4.0. In line with this, the Digital Innovation Hubs Programme (DIH) aims to foster collaborative
networks between private and public entities. The objective of these Digital Innovation Hubs is
to raise awareness of Industry 4.0 by targeting the needs of local and regional industries.
Hervas-Oliver et al. (2020) and Crupi et al. (2020) explored the characteristics and objectives of
this emerging policy focusing on Spanish and Italian digital innovation Hubs, respectively. Le-
pore and Spigarelli (2020) and Barzotto et al. (2020) instead conducted studies that examined
the complementarities between the European policy for Industry 4.0 and the Smart Specializa-
tion Strategy. They provided insights and policy guidelines on how to enhance the integration
and coordination of these two policies.

In summary, these studies deeply stress the relevance of regional policies mainly in re-
newing the regional knowledge base, developing local competencies and skills, and fostering the
establishment of regional and local networks. Further contributions however are needed to gain
insights into the effectiveness of these policies and to compare them with incentives-based poli-
cies implemented at the national level, such as the Calenda Plan in Italy, or other policy tools like

public procurement.

4.6 Competition Dynamics and New Business Models
As a considerable number of managerial studies show, 4.0 technologies are changing the com-
petitive scenario in which firms operate, transforming the logic of value creation and value cap-
ture (Miiller, Buliga, and Voigt 2018; A. G. Frank et al. 2019) and challenging established firms to
adapt their internal organization and their business strategies.

Among the articles discussed, Bettiol et al. (2020), and Jeannerat and Theurillat (2021)
investigated the competitive changes occurring in regions characterized by the historical pres-
ence of industrial districts. In line with the traditional literature on industrial districts and clus-
ters, Bettiol et al. (2020) sought to determine whether the rationales behind the adoption of 4.0
technologies among firms located in such production systems differ from those of firms located
elsewhere. Despite the limitations of the study due to the small sample size, the authors high-
lighted that the use of 4.0 technologies in Italian industrial districts is driven mainly by product
diversification strategies and by the need to imitate competitors’ behaviour, while firms that are

not located in an industrial district are mostly motivated by achieving efficiency and productivi-
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ty goals. Jeannerat and Theurillat (2021) also focused their attention on the transition to Indus-
try 4.0 of an industrial district-type region, the Jura Arc in Switzerland. Here the authors argued
that the narrative driving the conversion of a traditional production system should go beyond
the pure logic of technological adaptation and revolve around the new logic of value-capture that
characterized the platform-based competitive scenario. By examining the experimental initia-
tives launched in the region, the authors suggested that all regional actors, especially the large
incumbent manufacturers, need to engage in this value shift not to lose the potential of the
emerging collaborative platforms developed through regional experimental projects.

This line of research appears to be less developed, compared to the others. Further re-
search could delve into how the emergence of new data-driven business models is challenging
local production systems and regional economies, particularly those where trust and untraded

interdependencies continue to play a significant role.

4.7 Networks Connecting Internal and External Agents and the Role of
Boundary Spanners

The regional economics literature has often stressed the relevance of internal and external net-
works such as buyer-supplier relationships, research alliances or private-public partnerships.
These networks serve as essential channels for the exchange and dissemination of knowledge
and play a pivotal role in sustaining regional development.

To avoid the risk of knowledge lock-in and embrace innovations developed outside the
region, it is crucial to establish connections beyond the system. All of these principles appear to
be reaffirmed in the new 4.0 scenario. Plechero and Grillitsch (2022) pointed out that firms that
combine knowledge generated inside and outside the local production system in which they are
located, at both national and international levels, are more likely to produce 4.0 breakthrough
innovations. Opazo-Basaez et al. (2021) have demonstrated that the adoption of 4.0 technologies
has the potential to increase the breadth of the global value chain of companies operating in tra-
ditional manufacturing systems, thereby increasing the productivity of these companies.
Bouncken and Barwinski (2021) also emphasised the importance of the digital exchange of tacit
knowledge between organizations and people in distant places in the Additive Manufacturing
industry. They highlighted that this exchange is possible not only in the presence of long-term,
trusting and intense relationships but also when actors experience an a-territorial “shared digi-
tal identity”. The concept refers to a shared sense of community and enthusiasm for digital tech-
nology and its use that transcends regional boundaries.

External linkages are often managed by boundary-spanner agents (Howells 2006; Morri-

son 2008) that facilitate the introduction of externally developed knowledge and artefacts into
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the system, often filtering out the most appropriate ones, and sometimes adapting them to the
needs of the system (Bailey et al. 2010; Corrocher and Cusmano 2014). To what extent do these
types of agents play a role in 4.0 transformations? In the 4.0 context much part of the literature
has focused on public innovation intermediaries as agents that can support the adoption of 4.0
technologies, especially in SMEs and in low-tech production systems (Larrea and Estensoro
2021; Rundel and Salemink 2021; Cucculelli, Dileo, and Pini 2022; Hervas-Oliver et al. 2022;
Prodi et al. 2022; Dyba and De Marchi 2022; Karlsen, Lund, and Steen 2022). Using a qualitative
case-study approach, Larrea and Estensoro (2021), Hervas-Oliver (2022), Dyba and De Marchi
(2022) and Karlsen et al. (2022) focused on the role that these organizations play in local pro-
duction systems characterized by a high presence of SMEs. Larrea and Estensoro (2021), high-
lighted the importance of systems of local networks of public intermediaries that provide af-
fordable services to those SMEs that do not have the financial resources to demand them in the
market and are too small to become clients of technology centres and universities. Hervas-Oliver
(2022) highlighted that in industrial districts the innovation contribution of Research Transfer
Institutes (RTIs) to SMEs is often mediated by leading or anchor firms that orchestrate the local
network. Unlike SMEs, these firms have the capacity and resources to absorb the knowledge
generated by RTIs and then gradually transfer it through their networks of small and medium-
sized enterprises. Dyba and De Marchi (2022) examined the role of business support organiza-
tions (BSOs) in three manufacturing clusters in Poland and highlighted that the three main func-
tions of BSOs (knowledge gatekeeping, knowledge brokering and knowledge diffusion) are often
carried out by different organisations. In contrast, Prodi et al. (2022) highlighted that the
strength of German Competence Centres is based on the one hand their ability to adapt and ex-
pand their activities to engage with different actors and institutions, especially SMEs; and, on the
other hand, their embeddedness in a systemic network of intermediaries that integrate diverse
and heterogeneous competences. The importance of embedding innovation intermediaries into
systemic networks is also highlighted by Cucculelli, Dileo and Pini (2022). In their article, they
showed that the interaction between firms, universities and public institutions in a "Triple He-
lix" setting, is an important driver for the development of 4.0 business models in family busi-
nesses, compared to the situation where companies do not collaborate or only collaborate sepa-
rately with institutions or universities.

Moving from public to private intermediaries, the main insights come from the literature
on territorial servitization. Vaillant et al. (2021), focused their attention on a private specific
sub-set of innovation intermediaries, namely technological knowledge business service provid-

ers (t-KIBS). The authors suggested that the existence of a strong sector of t-KIBS locally embed-
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ded is an essential enabler for the 4.0 transition of traditional manufacturing systems character-
ized by a strong presence of SMEs. Collaborations between local manufacturing firms and local t-
KIBSs can indeed sustain the adoption of smart manufacturing technologies across local firms
and propel territorial servitization processes and can lead to local product-service ecosystems
encompassing manufacturing firms, and private and public services firms. Similarly, Bellandi et
al. (2020) suggested that territorial servitization trajectories might be stronger in those areas
characterized by the co-agglomeration of manufacturing activities and adapting and substituting
services. As argued before, these articles follow a growing stream of research on territorial ser-
vitization, that, building on a renewed servitization research agenda (Paschou et al. 2020), ex-
plores whether and how collaborations between KIBS and manufacturing firms sustain the 4.0
transitions of local production systems (Lafuente, Vaillant, and Vendrell-Herrero 2017; Bellandi
and Santini 2019; Lafuente, Vaillant, and Vendrell-Herrero 2019; Sforzi and Boix 2019; Horvath
and Rabetino 2019).

In addition to intermediaries, other studies have examined the contribution of multina-
tional companies to the diffusion of 4.0 technologies and the interplay between MNEs and host
economies (Szalavetz 2019; Jankowska, Gotz, and Tarka 2021; Barzotto and De Propris 2021;
Miao 2021; Anzolin, Andreoni, and Zanfei 2022). Jankowska, Gotz, and Tarka (2021) showed
that foreign subsidiaries vehicle for 4.0 transitions mainly when they are locally embedded and
to a lesser extent through the inflow of knowledge from headquarters. Szalavetz (2019) showed
that the adoption of advanced manufacturing technologies in Hungarian subsidiaries has re-
quired the local accumulation of R&D capabilities, enabling the decentralisation of corporate
technological and R&D activities and supporting R&D collaboration. Anzolini et al. (2022) used
the automotive sector as an example to investigate whether the presence of multinational com-
panies can induce the adoption of robots by local firms. The results showed that FDI has a signif-
icant impact only when the local host economy is characterized by a high level of innovation ca-
pacity and export competitiveness. All these results are in line with the arguments of Hilpert
(2021) who strongly emphasised the importance for regions to have the appropriate skills and
competencies to be embedded in the global networks of Industry 4.0.

Barzotto and De Propris (2021) instead took the opposite perspective, highlighting the
benefits that MNEs can gain from working with local firms. Specifically, they showed that MNEs
that collaborate with local technology suppliers have higher levels of performance than those
that do not.

To conclude this section, it becomes evident from many of these studies that participat-

ing in both local and non-local knowledge networks is of great importance. These studies have
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placed significant emphasis on possessing adequate competencies and local capabilities, which
are essential for leveraging the advantages offered by external networks. However, despite the
use of the term “embeddedness”, little attention has been given to understanding the social di-
mension of networking (Boschma and Lambooy 2002a). Additionally, none of these studies has
examined the impact of the new data-driven technologies, such as artificial intelligence and the

Internet of Things, on network-based production systems like industrial districts or clusters.

4.8 The Impacts of 4.0 Technologies on Regional Economies
This review concludes with two groups of articles that investigated the impacts of 4.0 technolo-
gies on regional economies. The first group looks at the effects on regional and local labour mar-
kets analyzing the changes and implications for employment, skills requirements, and workforce
dynamics within the region. The second group focuses on the impact of 4.0 technologies on
Global Value Chains, examining how these technologies affect the organization and configuration

of GVCs and the integration of regional economies into global production networks.

4.8.1 The Impact of 4.0 Technologies on Regional Labour Markets
Labour economists and sociologists have discussed at length how 4.0 technologies, particularly
automation, potentially affect employment in terms of jobs created and lost, as well as the asso-
ciated risks and inequalities (Spencer 2017; Marengo 2019; Balsmeier and Woerter 2019; Mor-
gan 2019). However, evidence that adopts a regional perspective is still scarce.

Coro et al. (2021) investigated how the adoption of 4.0 technologies affects the employ-
ment strategies of firms in an industrial district-type region (Veneto, Italy). Their findings show
that in this type of region, characterized by a large population of manufacturing SMEs, the adop-
tion of 4.0 technologies follows a synthetic path. The increasing use of these technologies is in-
deed accompanied by an increase in the employment rate of synthetic-knowledge workers
(technicians) while the same trend is not observed for analytical workers (e.g., managers).

Hilpert (2021), Frank et al. (2018), Crowley et al. (2021) and Crowley and Dorna (2022)
have instead examined the impact of automation technologies on cities and local labour markets.
Hilpert (2021) investigated the relationship between economic sectors, skills and automation
risk in US and European metropolitan areas. The results show that the impact of automation dif-
fers according to the sectoral specialization of the city and the skill level of its workers. Frank et
al. (2018) found instead that smaller cities will be more affected by automation while large cities
will be better able to cope with it thanks to the availability of managerial and technical occupa-
tions. Crowley et al. (2021) measured the extent to which automation risk is present in Europe-
an regions and how it is affected by the industry and regional structure. Using the approach de-

veloped by Frey and Osborne (2017), the authors first assigned each job a certain probability of
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being automated and then examined the relationship between industry structure, agglomera-
tion, related and unrelated variety and automation risk. The results indicate that regions charac-
terized by higher levels of diversification (high levels of unrelated variety), along with higher
population densities and larger shares of knowledge and creative workers, tend to be less vul-
nerable. In contrast, regions with higher proportions of clerical support workers, craft and relat-
ed trade workers, plant and machine operators and assemblers have a higher degree of expo-
sure. Finally, Crowley and Dorna (2022) measured the risks of workplace automation in Irish
towns. Again, the results show that the education levels, sectoral differences and the age of the
population will affect the ability of cities to cope with the spread of automation.

A few reflections before moving to the second group of articles. None of the studies ex-
amined explores the risks associated with the proliferation of artificial intelligence and other
digital technologies. Despite their unexplored nature, these risks are of critical importance (Ma-
kridakis 2017). Secondly, when mapping regional risk exposure, researchers often overlook the
influence of social, cultural and normative factors that might significantly affect these processes.
Lastly, the impact of 4.0 technologies has primarily been analysed in terms of job creation and
disruption while disregarding the effects on regional wages, the displacement effect in labour
and capital productivity (Acemoglu and Restrepo 2019) and the territorial dynamics that might

mitigate them.

4.8.2 The Impact of 4.0 Technologies on Global Value Chains
Finally, a stream of inquiry pertaining to regional economics and international business has ex-
amined the impact of 4.0 technology on the location of activities and the reconfiguration of in-
ternational value chains (Strange and Zucchella 2017; Schmidt et al. 2020; Hickie and Hickie
2021). Some studies link investments in Industry 4.0 technologies with the opportunity of back
shoring and reshoring of manufacturing activities (Ancarani, Di Mauro, and Mascali 2019; Dachs,
Kinkel, and Jager 2019; Stentoft et al. 2020; Kamp and Gibaja 2021; Barbieri et al. 2022). Despite
the increasing attention to this issue, so far, little evidence has supported the hypothesis that the
introduction of digital technologies can stimulate these processes (Dachs, Kinkel, and Jager
2019; Kamp and Gibaja 2021; Rainnie 2021). In this context, Barbieri et al. (2022) highlighted
that backshoring seems to be more likely for those firms that have adopted Industry 4.0 tech-

nologies and whose country of origin has developed an Industry 4.0 policy.
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Table 3: Summary of the approaches and the perspectives adopted

Section

Approach

Unit of analysis

Section 1: Industry Clusters and
Urban Spaces: are they still Rel-
evant?

o Qualitative - Case Study Re-
search (3)

¢ (Quantitative-Descriptive Re-
search (3)

e Qualitative - Content Analysis
(3)

e (Quantitative - Causal-
comparative Research (1)

e Meso-level -Cluster/ID (6)
e Meso-level - City (2)
e Meso-level - Region (2)

Section 2: The Role of the Re-
gional Knowledge Base

e Quantitative - Causal-
comparative Research (5)

¢ Quantitative-Descriptive Re-
search (3)

e Meso-level - Region (8)

Section 3: Industry 4.0, Path De-
pendency and Regional Path De-
velopment

e Qualitative - Case Study Re-
search (2)

¢ Quantitative-Descriptive Re-
search (2)

e Theoretical Research (1)

e Meso-level - Region (4)
e Meso-level -Cluster/ID (1)

Section 4: Change Agency and
The Role Leaders

e Qualitative - Case Study Re-
search (6)

e Meso-level - Cluster/ID (3)
e Meso-level - Regio (3)

Section 5: Regional and Local
Policy for Industry 4.0

e Qualitative - Case Study Re-
search (10)

e Qualitative - Content Analysis
(2)

e Theoretical Research (1)

e Meso-level - Region (10)
e Meso-level - Cluster/ID (2)
e Firm-level (1)

Section 6: Competition Dynam-
ics and New Business Models

e Qualitative - Case Study Re-
search (1)
e Mix method (1)

e Meso-level - Cluster/ID (1)
Meso-level - Region (1)

Section 7: Networks Connecting
Internal and External Agents and
the Role of Boundary Spanners

e Qualitative - Case Study Re-
search (8)

e (Quantitative - Causal-
comparative Research (7)

e Theoretical Research (1)

¢ Quantitative-Descriptive Re-
search (1)

e Mix methods (1)

Firm-level (7)

Meso-level - Cluster/ID (4)
Meso-level - Region (3)
Meso level - Network (2)
Meso level - Industry (1)
Meso-level - City (1)

Section 8: The Impacts of 4.0
Technologies on Regional Econ-
omies

e (Quantitative - Causal-
comparative Research (9)

e Qualitative - Content Analysis
(2)

e Mix method (1)

e Qualitative - Case Study Re-
search (1)

Firm-level (7)
Meso-level - City (3)
Meso-level - Region (2)
Meso-level - Industry (1)
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Conclusions and Open Gaps
The research conducted aimed to examine whether and how territorial characteristics affect the
development and spreading of 4.0 technologies and the impacts that these technologies are hav-
ing on the geography of economic activities.

Regional economists mainly describe the 4.0 transformations as path-dependent pro-
cesses. With the exception of some “islands of innovation” (Capello and Lenzi 2021a), these
transformations are closely linked to regional pre-conditions, including the industrial structure
and localized knowledge base. The articles reviewed focus, to a large extent, on the distribution
of 4.0 knowledge, measured mainly by the number of patents and research projects; on the role
played by competencies and skills and, from a policy perspective, on the consequent need to fos-
ter and renew competence-building mechanisms. It is straightforward therefore that possessing
or developing an adequate local knowledge base and related competencies and skills represents
a central concern in regional and local studies dealing with Industry 4.0.

In terms of territorial mechanisms supporting the development and the diffusion of 4.0
technologies, this review falls short of providing a clear picture of what is going on. Although
there is a great emphasis placed on the role of knowledge spillovers, especially between univer-
sities and firms, as well as the attractiveness of urbanized areas, none of the reviewed studies
has tested or quantified the relevance of the three forces underpinning agglomeration econo-
mies: labour pooling, input-output relationships, and knowledge spillovers. Further research in
this direction is highly encouraged.

Overall, there is an impression that the strong emphasis on knowledge-related dynamics
tends to overshadow the impacts and implications associated with the intrinsic nature of these
technologies. For instance, as highlighted at the end of Section 4.6, none of the studies focuses on
the challenges that new data-driven business models pose to those local production and innova-
tion systems that rely on trust and untraded interdependencies. Also, when examining the role
of policies and change agency, the gathered studies not only lack evidence regarding the effec-
tiveness of these policies and actions, but the solutions described and provided by regional re-
searchers, mainly in terms of policy, do not significantly deviate from what has been proposed in
the past.

This apparent contradiction raises questions about the truly transformative nature of the
4.0 technologies. It also reflects and highlights the limited attention that regional economists
have devoted to politics and power relations (Amin and Thrift 2000; Cumbers, MacKinnon, and
McMaster 2003; Moulaert and Nussbaumer 2005). The development and the diffusion of 4.0

technologies are instead profoundly afflicted by power relations that shape technology devel-
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opment and use (Spencer 2017; Morgan 2019). Incorporating this perspective into regional eco-
nomics research could open up new avenues of investigation. On the one hand, it makes clear
that territorial differences should be understood not only in terms of available competencies and
skills but also in how the new technology is perceived to be consistent with local institutions,
particularly informal ones, and how local governance can help in opening new alternative tech-
nological pathways. As pointed out by De Propris and Bellandi (2021) empirical investigations
on the existence and the viability of place-based and collaborative technology development
pathways are still at an early stage and additional studies are needed to understand the limita-
tions and benefits of these experiences. From a policy perspective, further contributions are
needed to clarify how regional policy could be effectively integrated into multi-level policy ac-
tions, aimed not only at guaranteeing the adaptation of regional systems to the new technologi-
cal paradigm but also at actively affecting its technological trajectory. Indeed, if rebalancing the
power of tech corporations requires a national and global effort, local actions are essential to
identify and support new practices and alternative technological pathways (Wanzenbdck et al.
2020).

Other open issues are related to the new competitive dynamics brought by the growing
and unbalanced power of tech corporations (Rikap and Lundvall 2020, Feldman et al. 2021).
How can regions cope with the growing inequalities generated by the business strategies of
these leading companies? Can territorial systems of innovation compete with corporate ones? In
line with this perspective, further studies should also improve their understanding of the tech-
nology service sector, not only in its direct relation with local manufacturing companies (La-
fuente, Vaillant, and Vendrell-Herrero 2019) but also to comprehend how its own transfor-
mations are impacting the regional innovation system.

Other challenges are related to the specificities of 4.0 technologies, especially Al and Ro-
botics, and their implications for our society. By replacing human activities, these technologies
create a displacement effect in labour and capital productivity (Acemoglu and Restrepo 2019)
whose impact on regional labour markets is still unclear. Where are these displacement effects
occurring? What territorial conditions could mitigate them?

These are just some of the questions that remain open in the regional debate on 4.0
transformations. The review performed suggests that there is still significant room for discus-
sion and further investigation in this area.

Limitations of this study might be rooted in the search strategy adopted. Moreover, addi-
tional contributions could be provided by articles focused on specific technologies (e.g., Artificial

Intelligence, Internet of Things, or Additive Manufacturing).
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Appendix
Table A.1: List of the articles included
. . . Publication | Unit of
Authors Article Title Source Title . Approach
Year analysis
The global digital Annals Of Re- Meso-level - Quant'lta.tlve-
Acs, 7] platform economy ional Science 2022 Region Descriptive
and the region & & Research
. 1. : | Backshoring strategy Quantitative
Ancarani, A; Di and the adoption of Journal Of . - Causal-
Mauro, C; Ma- . . 2019 Firm-level .
scali. F Industry 4.0: Evi- World Business comparative
’ dence from Europe Research
What is driving robot-
isation in the automo-

L tive value chain? Em- Quantitative
Anzohln, G; An- pirical evidence on . Meso level - | - Causal-
dreoni, A; Zan- Technovation 2022 .
fei A the role of FDIs and Industry comparative

’ domestic capabilities Research
in technology adop-
tion
Industry
Baker, PMA; .0/ Dlgltahz:atlon and Qualitative -
networks of innova- European Plan- Meso-level -
Gaspard, H; N . . 2021 . Case Study
tion in the North ning Studies Region
Zhu, JA . . Research
American regional
context
Mapping the poten-
tials of regions in Eu- Quantitative
Balland, PA; rope to contribute to Regional Studies | 2021 Mes.o-level - | - Causal- .
Boschma, R new knowledge pro- Region comparative
duction in Industry Research
4.0 technologies
How does Industry
Barbieri. P: 4.0 affect internation-

) ) ? : - - .
Boffelli, A; Elia, ?é:xlzostl)g;;,g;e fli?m International 98:3::1?“‘76
S; Fratocchi, L; |. pay ) Business Re- 2022 Firm-level .

. innovation and home- | . comparative

Kalchschmidt, . view
M country policies in Research

post-offshoring relo-

cation decisions
Barzotto, M; Smart specialisation
Corradini, C; Indust p4 0 and la ’ Regional Studies Meso-level - Qualitative -
Fai, F; Labory, in reryior.ls- someg Regional Sci- 2020 Region Content
S; Tomlinson, gIng reg ’ ence 8 Analysis

directions for policy

PR
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The value of firm

linkages in the age of Quantitative
Barzotto, M; . 8 5 . Annals Of Re- . - Causal-
. industry 4.0: a quali- . . 2021 Firm-level .
De Propris, L . - gional Science comparative
tative comparative
. Research
analysis
Traditional manufac- Journal Of In-
Bellandi, M; turing areas and the . Quantitative-
. dustrial And Meso-level - .
Lombardj, S; emergence of prod- . 2020 Descriptive
. . Business Eco- Cluster/ID
Santini, E uct-service systems: . Research
nomics
the case of Italy
Bettiol, M; Ca-
pestro, M; De Industrial districts Competitiveness Meso-level -
Marchi, V; Di and the fourth indus- .p 2021 Mix method
) . . . Review Cluster/ID
Maria, E; Sedi- | trial revolution
ta, SR
Regional industrial
policy for the manu- Cambridge N
Bianchi, P; La- | facturing revolution: Journal Of Re- Meso-level - Qualitative
. e . 2019 A Case Study
bory, S enabling conditions gions Economy Region
- Research
for complex trans- And Society
formations
}3. 1(12121?;);:311105, Industry 4.0, proximi-
i . ty constraints and European Plan- Meso-level - | Theoretical
Beldarrain, V; . . 2021 .
new challenges for ning Studies Region Research
[ntxaurburu- industrial polic
Clemente, G policy
Shared digital identity
.| and rich knowledge Qualitative -
Bounf:ken., R; ties in global 3D Global Strategy 2021 Firm-level | Case Study
Barwinski, R . . . Journal
printing-A drizzle in Research
the clouds?
Digital urban produc-
Busch, HC; tion: how does Indus- Qualitative -
Muhl, C; Fuchs, | try 4.0 rfaconflgure Regional Studies | 2021 Meso-level " | Case Study
M; Fromhold- | productive value cre- City Research
Eisebith, M ation in urban con-
texts?
Industry 4.0 and ser-
vitisation: Regional Technological Quantitative-
EZE;HO R, C. patterns of 4.0 tech- Forecasting And | 2021 I\R/Ieesi(:)ievel Descriptive
nological transfor- Social Change & Research
mations in Europe
Cape.llo, R; The rlse of the dlgltal Industry And Meso-level - Quant.lta.tlve-
Lenzi, C; Pan- service economy in . 2022 . Descriptive
. Innovation Region
zera, E European regions Research
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Exploring the
knowledge spillovers

Cetindamar, D; | of a technology in an Thunder.blrd Quantitative-
> International Meso-level - L
Lammers, T; entrepreneurial eco- Business Re- 2020 Cit Descriptive
Zhang, Y system-The case of view Y Research
artificial intelligence
in Sydney
The Korean approach
. to Industry 4.0: the Qualitative -
Chung, §; 4th Industrial Revolu- E}Jropean. Plan 2021 Mes.o level Case Study
Chung, ] . . ning Studies Region
tion from regional Research
perspectives
Industry 4.0: national
Ciffolilli, A; an.d regional compar- European Plan- Meso-level - Quant-lta.t tve-
Muscio. A ative advantages in ning Studies 2018 Region Descriptive
’ key enabling technol- Research
ogies
Industry 4.0 techno-
Coro, G; Ple- logical trajectories Quantitative
chero, M; Rul- | and traditional manu- . . Meso-level - | - Causal-

: . . Regional Studies | 2021 . .
lani, F; Volpe, | facturing regions: the Region comparative
M role of knowledge Research

workers
Corradini. C: The geography of In- Quantitative
Santini, E; Vec- d}lstry 4.0 technolo- Regional Studies | 2021 Mes.o-level - | - Causal- .
ciolini. C gies across European Region comparative
’ regions Research
Crowley, "The geography of job The Annals Of Quantitative
Frank, and Jus- | automation in Ire- . . Meso level - | - Causal-
. Regional Sci- 2022 . )
tin Doran. land: what urban are- ence City comparative
(2022): 1-19. | as are most at risk?." Research
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Filling the void of
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: stitutional support to | Journal Of
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. L business model Technology 2021 Firm-level .
Dileo, I; Pini, M . . comparative
changes in the Italian | Transfer
Research

Industry 4.0 experi-
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One of many roads to
industry 4.0? Tech-

Da Roit, B; nolpgy, policy, organi- New Technolo- Meso-level - Qualitative -
. sational adaptation gy Work And 2022 Case Study
Iannuzzi, FE . Cluster/ID
and worker experi- Employment Research
ence in "Third Italy’
SMEs
Bringing it all back
home? Backshoring of Quantitative
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kel, S; Jager, A | ties and the adoption | World Business comparative
of Industry 4.0 tech- Research
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.. | Pathways of regional Qualitative -
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On the road to Indus-
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of business support Research
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in firm's knowledge
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Industry 4.0 in indus-
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Chapter 2

Mapping 4.0 Technologies Diffusion:
Web-Based Evidence from Italian T-KIBS

Abstract
Literature has found that knowledge-intensive business service organizations (KIBS) can foster
technological innovation and overcome barriers to the adoption of new technologies. By refer-
ring to the 4.0 innovative and competitive scenario, this chapter investigates the firm-level and
territorial-level determinants that affect the engagement of these organizations in the provision
of 4.0 technologies and related services, and how these determinants vary by type of technology.
The research considers a subset of technological KIBS (t-KIBS) with a NACE code associated with
the provision of ICT technologies. Looking at Italy, an original dataset was built and enriched
with data extracted from t-KIBS websites and collected through web-scraping procedures. A
keyword-based approach allowed for the identification of the t-KIBS that could be involved in
the provision of 4.0 technologies. A probit model with sample selection was then applied to find
out which are the firm-level and territorial-level determinants that affect the probability of
providing 4.0 technologies. The results shed light on the geography and the patterns of the sup-
ply of 4.0 technologies. From a firm-level perspective, they confirm the relevance of KIBS size
and profitability and show the different levels of engagement with these technologies of new or-
ganizations (academic spinoffs and innovative startups). From a territorial perspective, this re-
search highlights the importance of co-location with manufacturers that demand 4.0 technolo-
gies and urbanization economies and shows how these determinants differently affect 4.0 tech-

nologies.

Keywords: 4.0 technology, t-KIBS, innovation, technology diffusion
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Introduction
The development and diffusion of 4.0 technologies are transforming industries, redefining prod-
ucts, and processes, and changing the value chain and the geography of economic activities. 4.0
technologies include a set of interconnected technologies (e.g. Artificial Intelligence, Cloud Com-
puting, Machine Learning, Additive Manufacturing, Robotics) that strongly rely on ICT and au-
tomation technologies (Martinelli, Mina, and Moggi 2021; |. Lee and Lee 2021) and can be ap-
plied in multiple application domains. The heterogeneity of these technologies, their high degree
of complementarity and their global spreading make the development of 4.0 technologies and
their applications in production systems, a systemic process that involves a tangled web of ac-
tors and different institutions.

To cope with this complexity, existing studies have often examined these processes by
focusing on specific places, on the role played by specific actors, or on a mix of them (the role of
specific actors in a specific place). Some studies have compared the processes of change occur-
ring in specific regional innovation systems (Sandulli, Gimenez-Fernandez, and Rodriguez Fer-
radas 2021; De Propris and Bailey 2021; Doloreux and Turkina 2021) highlighting the im-
portance of regional specificities and path-dependence processes. Other studies looked at the
role of specific actors. Hervas-Oliver (2019; 2021) focused on collective actors and their capacity
to sustain the digital transformation of traditional industry, Larrea et al. (2021) examined the
role of public innovation intermediaries as actors that can support technology adoption in those
small and medium-sized firms, while Prodi et al. (2022) explored the role of the German Compe-
tence Centres as intermediary organisations that can accelerate the socio-technical transition
toward industry 4.0.

In this chapter, the focus is on a specific group of organizations: private technological
knowledge-intensive service providers (t -KIBS). T-KIBS are private organizations that offer var-
ious types of services, ranging from training to technology-science or design consultancy (Miles
et al. 1995). The literature has extensively analysed these types of organizations, the role they
can play in sustaining innovation in manufacturing (Ciriaci, Montresor, and Palma 2015; Aman-
cio et al. 2022), the type of relationship they build with their clients (Bettencourt et al. 2002;
Muller and Doloreux 2009; Miles 2012) and the role they play in the innovation system (Muller
and Zenker 2001; Corrocher and Cusmano 2014). So far, however, few studies have investigated
these organizations in the 4.0 competitive scenario, despite they are the centre of these trans-
formations both as producers of new digital products (e.g., software developers), as facilitators
and adapters of these solutions to various business context (e.g., system integrators) (Vaillant et

al. 2021) or as providers of services related to these technologies (e.g., cloud services).
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By adopting a micro-perspective, some studies investigate how digital technologies are
affecting the organizational performance of KIBS (Ribeiro-Navarrete et al. 2021; Marino-
Romero, Palos-Sanchez, and Velicia-Martin 2022) while others take a meso perspective and look
at the context variables that facilitate their development (Horvath and Rabetino 2019). From
this perspective, however, the majority of the studies focus on the interconnections that KIBS es-
tablish with co-located manufacturing companies and on the contribution they can provide in
supporting territorial servitization strategies (Bellandi and Santini 2019°; Lafuente, Vaillant, and
Vendrell-Herrero 2017; Bellandi, Lombardi, and Santini 2020).

This study does not focus only on the symbiotic relationship between KIBS and the local
manufacturing sector, but it delves into technological KIBS and the territorial determinants that
influence their diffusion. In the context of Italy, it targets technology-based knowledge-intensive
business services specializing in the provision of information and communication technologies.
By analysing information obtained from their websites, this study identifies the t-KIBS involved
in the 4.0 transformations (4.0 t-KIBS) and maps their geographical diffusion. Then, the provi-
sion of 4.0 technologies is modelled as the result of a mix of firm-level (e.g., firm size or company
profile) and territorial-level (e.g., urbanization economies) determinants. The former looks at
the internal characteristics that might affect the decision and the capacity to provide these tech-
nologies. The latter reflects established literature on the main determinants that regulate the
geographical diffusion of business services that are mainly affected by urbanization economies
and by demand coming from sectors (Meliciani and Savona 2015; Di Giacinto, Micucci, and To-
soni 2020) and on the impact that localization choices have on KIBS innovativeness (Brunow,
Hammer, and McCann 2020). Having this in mind, this chapter seeks to answer the following

questions:

e What are the firm-level and territorial-level determinants that affect the provi-
sion of 4.0 technology and related services by t-KIBS?
e  Whether and to what extent do these determinants depend on the technology

that they provide?

Results suggest that overall, the involvement in the provision of 4.0 technologies is
strongly affected by the co-location with manufacturing companies that demand these technolo-
gies. However, this finding does not hold for all the technologies as some of them rely more on
urban advantages.

The chapter is organized as follows: the first section provides the theoretical framework
which is divided into two sub-sections. The first subsection describes the 4.0 innovation scenar-

io and explains the rationale for focusing on t-KIBS. The second subsection summarizes estab-
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lished evidence from the KIBS literature concerning the role of KIBS in regional development
and the key factors influencing the location of KIBS. The second section presents the data used
and the methodology adopted. Finally, sections four and five discuss the results. Conclusions are

provided in the last section.

1. Theoretical Background

1.1 The 4.0 Innovation Scenario
Despite being often treated as a homogeneous innovation space, 4.0 technology refers to a set of
heterogeneous and interconnected technologies that have at their core information and automa-
tion technologies; and encompass, among others, Artificial Intelligence, the Internet of Things,
Cloud Computing, Additive Manufacturing and Robotics (Martinelli, Mina, and Moggi 2021). The
innovative trait of these technologies lies not only in advances in digital ICT technologies but al-
so in their high combinatorial power that is propelling a new wave of innovation not only in ad-
vanced sectors but also in traditional industries, traditional products, processes and services
(Cooke 2021; Laffi and Lenzi 2021).

From an evolutionary perspective, the 4.0 innovation system is the result of a long-term
process of technological convergence throughout which technologies developed separately have
become increasingly complementary and interdependent over time (Méniere, Rudyk, and Valdes
2017; Santarelli, Staccioli, and Vivarelli 2022). This implies that each of these technologies has
reached a different level of maturity and has its own history that has been shaped by different
actors, and different economic, social, political, and institutional factors. Here, some examples
are provided to illustrate the complexity and heterogeneity of the 4.0 technological scenario. De-
fined by many as a new “general purpose technology” (Agrawal, Gans, and Goldfarb 2019), artifi-
cial intelligence and all its sub-domains (e.g., machine learning and deep learning) have a long-
term history rooted in the 1940s. It has evolved to the present day through a series of successes
and setbacks (due to computational limitations) and owes its diffusion mainly to the efforts of
generations of US-based researchers and US companies (Haenlein and Kaplan 2019), although
other countries, notably China, are now trying to fill this gap (Wang and Chen 2018). Unlike Arti-
ficial Intelligence, Blockchain is less mature, as its invention dates back to 2008. It was devel-
oped by an anonymous developer to cope with internet-based trust issues in the financial sector.
It is now considered by many a new “economic institution” and it is spreading into a wide range
of sectors with the promise of transforming information management by replacing traditional
centralized systems with distributed architectures (Davidson, Filippi, and Potts 2018). The
buzzword “Internet of Things” was instead coined in 1999 by Kevin Ashton (Executive Director
of the Auto-ID Center in Massachute Institute of Technology) and refers to an ICT network that
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includes not only people but also technologically advanced products (Madakam, Ramaswamy,
and Tripathi 2015). The IoT architecture encompasses a set of hardware and software compo-
nents and is closely linked to cloud computing and Big Data technologies.

Given the complex and systemic characteristics of 4.0 technologies, many have used the
technological or territorial innovation system framework to analyse them (Rikap and Lundvall
2021a; Sandulli, Gimenez-Fernandez, and Rodriguez Ferradas 2021; Yu, Liang, and Wu 2021;
Doloreux and Turkina 2021). Following this approach, the 4.0 innovation landscape can be de-
picted as the interplay of networks of actors and sets of institutions that contribute to the devel-
opment, diffusion and use of each of the technologies involved (Carlsson et al. 2002; Liu and
White 2001; Malerba 2005; Bergek et al. 2008) and to their integration into a broader innova-
tion system. However, unpacking the specifics of the 4.0 innovation systems is not that straight-
forward. This is mainly attributable to the enabling nature of many of the technologies involved
(Martinelli, Mina, and Moggi 2021), the global structure of the ICT industry that represents the
backbone of 4.0 technologies, and the pervasive spreading of 4.0 technologies across places and
industries. All these peculiarities expand greatly the boundaries of the 4.0 innovation landscape
and make it challenging to identify all the actors involved and the governance mechanisms (An-
tonelli and Quere 2002) that regulate the development and the applications of these technolo-
gies.

It is undeniable that global tech corporations, such as Google, Amazon or Microsoft, are
at the heart of 4.0 innovation systems as they are responsible for the majority of technological
advancements (Ardito, D’Adda, and Messeni Petruzzelli 2018; Fujii and Managi 2018) and
strongly affect the trajectories of 4.0 technologies. The innovation activities of these corpora-
tions are continuously fed by external impulses. Acquiring start-ups, collaborating with research
centres and Universities, and analysing consumers’ constant data stream, are some of the mech-
anisms through which these corporations acquire, monopolize and transform knowledge into
intangible assets (Rikap and Lundvall 2020; 2021b). In addition to global tech corporations, a
constellation of organizations contribute, voluntarily or unconsciously, to the innovation sys-
tems of 4.0 technologies: traditional manufacturing companies that are transforming their core
activities to compete in the new digital paradigm (D’Ippolito, Messeni Petruzzelli, and Panniello
2019), public intermediaries that seek to support the technological transformations of small and
medium-sized enterprises (Larrea and Estensoro 2021; Hervas-Oliver 2022; Prodi et al. 2022),
private service firms, start-ups and incumbents, that develop and offer new digital products and

services (Busch et al. 2021; Vaillant et al. 2021), regional and national Governments that seek to
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design the right incentive system to support business technology adoption (Bianchi and Labory
2019; Lepore and Spigarelli 2020; Teixeira and Tavares-Lehmann 2022).

All these actors play different roles in the emergence, diffusion, and use of 4.0 technolo-
gies. Moreover, the global and pervasive nature of 4.0 technologies suggests strong overlaps and
complementarities between the different geographical levels (regional, national, and suprana-
tional) at which each technology system operates.

In this chapter, the target is a particular group of actors: technological knowledge-
intensive business services (t-KIBS). Numerous studies have acknowledged the significant role
of these organizations in the 4.0 transformations (Vaillant et al. 2021) and their strong presence
in regions where digital transformations are more advanced (Capello, Lenzi, and Panzera 2022).
Technological KIBS have emerged as key drivers of the 4.0 paradigm due to their expertise in
leveraging digital technologies. As producers of innovative digital products, they contribute to
the development and advancement of the technological landscape. Through their role as facilita-
tors and adapters, KIBS assist businesses in implementing and customizing 4.0 solutions to meet
specific organizational needs. Furthermore, KIBS offer a range of services that support the adop-
tion and utilization of these technologies, such as cloud computing and other digital services.
The empirical analysis is limited to the national scale of this phenomenon as this study considers
only Italian knowledge-intensive business services operating in the ICT sector.

The following section delves into the well-established literature on KIBS. It begins by
presenting the main characteristics of KIBS organizations and then provides a comprehensive
overview of their significant role in regional development. Furthermore, it synthesizes the key
factors that, as identified in the existing literature, predominantly influence the strategic location

choices made by KIBS.

1.2 KIBS, Territorial Development and Localisation Determinants
Introduced in 1995 by Miles, the acronym KIBS refers to organizations that i) “result in the crea-
tion, accumulation or dissemination of knowledge”, ii) “rely heavily upon professional
knowledge” and iii) “are concerned fundamentally with technology and innovation” (Miles et al.
1995). In general, KIBS are described as capital-intensive and know-how-intensive organiza-
tions devoted to producing and collecting knowledge, not for private consumption (Strambach
2001) but with the intended or unintended purpose of transferring and disseminating it to a
pool of final users. Although often treated as a homogeneous group of organizations, a wide va-
riety of organizations falls under the KIBS umbrella. From a functional perspective, mainstream
literature often distinguishes among KIBS that act as i) producers of product and service innova-

tion; ii) co-producers of innovation with customers; and iii) intermediaries that support the ad-
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aptation and diffusion of innovation developed by others (Den Hertog 2000; Doloreux and
Shearmur 2012). Other studies have instead taken a sectoral perspective to disentangle the
within-industry heterogeneity of KIBS organizations. The distinction essentially follows that of
Miles (ibid.) who identified two main subgroups: professional services (p-KIBS), namely “tradi-
tional” business services that make intensive use of new technologies (e.g. business and man-
agement service, legal accounting and activities); and technological services (t-KIBS) which de-
velop new technologies and focus mainly on ICT and other technical activities (Miles et al. 1995;
Doloreux and Shearmur 2012). This distinction reflects the different attitudes of these two sub-
groups toward innovations (Freel 2006; Li, Gagliardi, and Miles 2019) but also their different
educational requirements, occupational structure and skill base (Consoli and Elche-Hortelano
2010).

From a regional and territorial perspective, innovation literature has mainly investigated
the contribution of KIBS in regional systems to test whether and how these organizations can
support regional and local development. These studies stress the importance of these organiza-
tions in supporting the renewal of traditional manufacturing industries and the upgrading of ex-
isting competencies (Bailey et al. 2010; Corrocher and Cusmano 2014; Ciriaci, Montresor, and
Palma 2015) as well as regional diversification and long-term regional growth (Content et al.
2022). To this end, great emphasis has been placed on the adaptation and integration functions
of KIBS, which rely on both codified and tacit knowledge, and adapt knowledge produced by
non-local organizations to place-specific needs (Strambach 2001). This is particularly true for
regions and local systems characterized by a high presence of SMEs that rely heavily on external
parties to acquire and use new knowledge (Pinto, Fernandez-Esquinas, and Uyarra 2015), as
well as for business environments characterized by rapid technological change where firms
need to continuously adapt and update their knowledge base, skills, and competencies (Muller
and Zenker 2001; Miiller, Buliga, and Voigt 2018). Recent research on territorial servitization al-
so stresses the importance of KIBS in supporting co-located manufacturing firms in the ongoing
transition from product-oriented to service-oriented business strategies, driven by the diffusion
of digital technologies (Lafuente, Vaillant, and Vendrell-Herrero 2017; Bellandi and Santini
2019b; Sforzi and Boix 2019; Baldoni, De Propris, and Storai 2022; Vaillant et al. 2021). The mo-
tivations once again rely on the advantages coming from co-location, including direct face-to-
face contacts between KIBS and clients, as well as relational and social proximity.

The connection between KIBS and the local economy has also been explored in terms of
location determinants that affect the spatial distribution of these organizations, their concentra-

tion in specific areas and their level of innovativeness. Within this debate, two primary factors
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have been identified: urbanization economies and demand coming from other sectors (Meliciani
and Savona 2015; Di Giacinto, Micucci, and Tosoni 2020). This literature has often highlighted
how the geographical distribution of service organizations is strongly affected by urban centrip-
etal forces (Rubalcaba and Gago 2003; Simmie and Strambach 2006; Shearmur and Doloreux
2009; Peng et al. 2022). The urban environment indeed provides a conducive environment for
knowledge exchanges due to the proximity and density of actors, institutions, and infrastructure.
It enhances domestic and international collaborations (Herstad and Ebersberger 2014) within
the sector and with other industries and gives access to various resources and amenities, includ-
ing reputational and image advantages (Torres and Godinho 2020). These factors contribute to
the concentration of KIBS in urban areas (Meliciani and Savona 2015) and enhance their innova-
tive capacity (Shearmur and Doloreux 2009; Brunow, Hammer, and McCann 2020). Also, de-
mand coming from other co-located sectors, including multinational companies (Barzotto and
De Propris 2021), has been identified as a crucial factor in explaining the spatial distribution of
KIBS organizations. Studies conducted by Horvath and Rabetino (2019) and Wyrwich (2019)
seek to disentangle reverse causality issues and support the hypothesis that the presence of a
strong local manufacturing sector serves as a catalyst for the emergence of new KIBS. Finally, in
addition to urban externalities and demand coming from other sectors, literature on KIBS locali-
sation has examined whether proximity to universities affects both the localisation and innova-
tiveness of KIBS. The underlying hypothesis is that given the knowledge-intensive nature of
these organizations, universities can provide valuable knowledge inputs, especially for science-
based KIBS (H. Lee and Miozzo 2019). According to the literature, the presence of a solid univer-
sity system can favour KIBS formation, especially in regions with a low share of industries
(Horvath and Berbegal-Mirabent 2022). Moreover, geographical proximity between KIBS and
universities has been found to enhance cooperation and collaboration between the two (Fer-
nandes and Ferreira 2013).

Drawing on the understanding of KIBS and their regional importance, the empirical anal-
ysis conducted in this chapter aims to explore the role of the discussed determinants in the 4.0

competitive landscape.

2. Data and Methodology

2.1 Mapping Technological Diffusion: which Benefits from Web-Data Data?
Mapping technology diffusion can be a challenging task, especially when examining sub-regional
trends. Empirical research on innovation and technological change typically relies on R&D ex-
penditures and patent-based indicators, which are undoubtedly useful measures of activities
that generate innovation but provide limited insights into diffusion dynamics. Alternative met-
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rics can be obtained using data collected through conventional administrative surveys. This ap-
proach has its limitations, as publicly available surveys often provide information at the regional
or national level, while micro and local data are not always accessible. This issue is traditionally
solved by conducting surveys or qualitative interviews, that provide insights into local innova-
tion activities. In recent years, a developing strand of literature has addressed the potential of
Big Data. Online activities indeed generate a huge amount of data, resulting from intentional ac-
tions, such as the dissemination of information via corporate websites or blogs, the sale of prod-
ucts or services via online platforms or e-commerce, social interactions via social media web-
sites; or from unintended actions: digital footprint of traceable online activities stored in cookies
or captured by sensors (Blazquez and Domenech 2018). The number of studies using these new
data sources in the social sciences has grown rapidly in recent years (Gok, Waterworth, and
Shapira 2015; Nathan and Rosso 2015; Schintler and Fischer 2018; Kinne and Lenz 2019; Axen-
beck and Breithaupt 2019; Kinne and Axenbeck 2020; Stich, Tranos, and Nathan 2021; Nathan
and Rosso 2022). This is attributed to the many advantages and opportunities it offers, particu-
larly in terms of accuracy, as the analysis can be extended to the whole population rather than
just a subsample, relevance of the information that can be extracted, and transparency of the
process, as it reduces human misunderstanding and does not require direct contact (Barcaroli et
al. 2015). However, this approach also comes with some limitations related to software and
hardware constraints, linguistic challenges and privacy/access issues (Miner et al. 2012). Fur-
thermore, as the information is provided by the companies themselves, self-reporting bias
should be taken into account (Héroux-Vaillancourt, Beaudry, and Rietsch 2020). Despite these
limitations, web data has the potential to offer a valuable and fresh contribution to innovation
and regional studies. Data from firms’ websites or articles published in specialized journals or
newspapers can provide real-time information about potentially innovative products, services,
and collaborations with other companies that are not captured by R&D and patent-based re-

search (Kinne and Axenbeck 2020; Ozgun and Broekel 2021; Nathan and Rosso 2022).

2.2 Dataset
In this research, the main data source consists of the websites of KIBS organizations. The corpo-
rate websites serve as a digital public image of the organization where companies share infor-
mation about the products and services they produce and offer, their organizational structure,
and their mission and intentions (Gok, Waterworth, and Shapira 2015; Blazquez and Domenech
2018). From this perspective, corporate websites serve as a rich data depository for analysing
firms’ characteristics, activities and innovation output (Kinne and Axenbeck 2020). In this study,

the analysis is restricted to the websites of t-KIBS firms specializing in the production or provi-
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sion of services related to information and communication technologies, which are the backbone
of 4.0 technologies. In line with other studies on KIBS, the t-KIBS were selected following the
Statistical Classification of Economic Activities in the European Community (NACE) Rev 2 (Freel
2006; Vaillant et al. 2021; Horvath and Rabetino 2019). The following NACE Rev 2 codes? were
included: 58.2 (Software publishing), 61 (Telecommunications), 62 (Computer programming,
consultancy, and related activities), 63.1 (Data processing, hosting and related activities; web
portals), 72 (Scientific research and development). To identify the firms that are involved in the
4.0 transformation a keyword-based approach was adopted. Specific keywords referring to 4.0
technologies were searched on the website of the t-KIBS. For this task, the commercial ATOKA
platform developed by Spazio Dati was used. SpazioDati is a company founded in 2012 specializ-
ing in Big Data and Semantic Web technologies and is now part of the Cerved Group. The ATOKA
platform brings together structured data, from official sources (e.g. Business Register, National
Social Security Institute (INPS), The Revenue Agency, Chamber of Commerce) and unstructured
data from company websites and social media, covering all companies operating in Italy (around
6 million). The ATOKA platform allows the user to search for companies that mention certain
keywords (or a set of keywords) on their websites.

The selection of relevant keywords was a crucial step in this research. The identification
of 4.0 technologies was based on an examination of the industrial and policy discourse sur-
rounding these technologies (MISE 2016; McKinsey and Company 2016) following the approach
of Martinelli et. al (2021). The list includes the Internet of Things, Cloud Computing, Advanced
IoT model, Artificial Intelligence, Machine Learning, Big Data & Analytics, Extended Reality, Sim-
ulation, Virtualization, Digital Twin, Automation and Robotics, Collaborative Robotics, Block-
chain and Cybersecurity. Then, for each technology, a set of keywords was selected. To perform
this task, it was not possible to rely on the keywords used in previous studies on patent docu-
ments (Ardito, D’Adda, and Messeni Petruzzelli 2018; Martinelli, Mina, and Moggi 2021). Firms'
websites, unlike patents, typically utilize a commercial and marketing-oriented language, focus-
ing less on technical details about the technologies developed or offered. As a result, the final se-
lection of keywords does not include technical jargon and IT terms. There are two primary rea-
sons for this decision. Firstly, searches conducted using technical keywords yielded scarce re-

sults, indicating that firms may not extensively mention such terms on their websites. Secondly,

2 This is the NACE code assigned by Cerved. Cerved re-elaborates the official information of the Italian
Chambers of Commerce on the prevailing sector. In most cases, the NACE Cerved corresponds to the NACE code as-
signed by the Italian Chambers of Commerce, but the Cerved Group reserves the right to modify it on the basis of fur-
ther verifications on the official data
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mapping all possible technical keywords would have been a challenging, time-consuming, and
potentially unproductive task.

The list of the selected keywords, presented in Table 1, was discussed and reviewed
with an industry expert. Both the English and, when available, the Italian versions of each key-
word were included in the search process. To mitigate inflated results (Donaldson et al. 2022),
the searches were run twice, with a one-month interval between them. Firms that did not men-
tion the selected keywords in their website in both instances were excluded. This exclusion cri-
terion was applied to avoid including cases where the keyword was only mentioned in tempo-
rary sections of the website such as the news section. The data extraction was carried out via

APIL.

Table 1: List of the queries

Query ID Queries Composition (English + Italian keywords)

Internet of

, "Internet of Things" OR "Internet delle Cose" OR "loT"
Things

"cloud computing” OR "public cloud" OR "cloud private" OR "private cloud" OR
"cloud private" OR "cloud data" OR "cloud storage" OR "spazio in cloud" OR
"spazio cloud”" OR "software cloud" OR "cloud software" OR "software in
cloud” OR "cloud hosting" OR "cloud technologies" OR "cloud technology" OR
"tecnologia cloud" OR "tecnologie cloud" OR "cloud application" OR "cloud ap-
plications" OR "application in cloud" OR "applications in cloud" OR "applica-
zione in cloud" OR "applicazioni in cloud" "applicazione cloud" OR "applicazio-
ni cloud"” OR "cloud app" OR "app cloud" OR "cloud apps" OR "apps cloud" OR
"soluzioni in cloud" OR "soluzione in cloud" OR "solutions in cloud" OR "solu-
tion in cloud" OR "soluzione cloud" OR "soluzioni cloud" OR "cloud solutions"
OR "cloud solution” OR "mobile cloud" OR "cloud mobile" OR "cloud network"
OR "cloud networks" OR "network cloud" OR "rete cloud" OR "rete in cloud"
OR "reti cloud" OR "reti in cloud" OR "cloud services" OR "cloud service" OR
"servizi in cloud" OR "servizi cloud" OR "cloud platform" OR "cloud platforms"
OR "piattaforma cloud" OR "piattaforme cloud" OR "piattaforma in cloud" OR
"piattaforme in cloud" OR "cloud infrastructure” OR "infrastruttura cloud" OR
"cloud infrastructures” OR "infrastrutture cloud" OR "cloud architecture” OR
"architettura cloud" OR "cloud architectures” OR "architetture cloud" OR
"cloud migration" OR "migrazione in cloud" OR "cloud system" OR "cloud sys-
tems" OR "Sistema cloud" OR "Sistema in cloud" OR "sistemi cloud" OR "sis-
temi in cloud"

Cloud Compu-
ting3

Advanced IoT "edge computing" OR "edge networking" OR "fog computing” OR "fogging" OR
Model "fog networking" OR "hybrid cloud" OR "cloud ibrido"

3 For cloud computing a long list of combined keywords was selected because as using a single word like
“cloud” could lead to ambiguity due to its broad meaning. By using a combination of keywords, the search was refined
to focus specifically on cloud computing and related topics, thereby reducing the likelihood of retrieving irrelevant or
unrelated results.
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Artificial Intelli-
gence*

"artificial intelligence" OR "intelligenza artificiale"

Machine Learn-
ing

"machine learning” OR "reti neurali" OR "reti neurale” OR "neural networks"
OR "neural network" OR "deep learning” OR "natural language processing"

Big Data & Ana-
lytics

"big data" OR "data analytics" OR "big analytics" OR "business analytics" OR
"advanced analytics"

Extended Reali-
ty

"augmented reality" OR "realta aumentata” OR "virtual reality" OR "realta vir-
tuale” OR "immersive reality” OR "realta immersiva" OR "mixed reality" OR
"realta mista" OR "extended reality” OR "realta estesa"

Simulation "simulation" OR "simulations" OR "simulazioni" OR "simulazione"
Virtualization "virtualizzazione" OR "virtualization" OR "virtualisation"
Digital twin "digital twin" OR "gemello digitale"
"stampa 3D" OR "3D printing" OR "additive manufacturing” OR "manifattura
. additiva" OR "produzione additiva" OR "additive production” OR "fabbrica-
Additive Manu- | . e " L 1w . - "
facturing zione additiva" OR "prototipazione rapida" OR "rapid prototyping" OR "tecno-

logia additiva" OR "tecnologie additive” OR "additive technologies” OR "addi-
tive technology"

Automation &

"robotica" OR "robotics" OR "automazione" OR "automation"

Robotics 5
Collaborative "co-robots" OR "co-robot" OR "cobots" OR "cobot" OR "collaborative robots"
robotics OR "collaborative robot" OR "robots collaborativi" OR "robot collaborativo” OR
"robotica collaborativa" OR "collaborative robotics"
Blockchain "blockchain" OR "distributed ledger technology"
"cybersecurity” OR "cyber security” OR "cyber-security” OR "cybersicurezza"
. OR "cyber-sicurezza" OR "cyber sicurezza" OR "sicurezza informatica" OR
Cybersecurity

"sicurezza IT" OR "IT security” OR "information technology security” OR "data
security” OR "cloud security"

4 The acronym Al was intentionally omitted from the keyword list because in Italian “ai” is a preposition with
a different meaning, which could lead to confusion and misinterpretation of the search results.

5 “Automation & Robotics” does not refer only to industrial automation and industrial
robotics but to all the technology that allows the automation of repetitive tasks (e.g. Robotic
Process Automation (RPA) )
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After the data extraction was completed, an original cross-sectional database was con-
structed, including all the enterprises classified under the selected NACE codes. This database
was further enriched with firm-level and territorial-level information pertaining to the province
(NUTS 3) where a firm is located. Firm-level information was retrieved from the ATOKA data-
base and the NETVAL website (Netval Research Universities Network). Territorial-level infor-
mation was retrieved from ISTAT (Italian Institute of Statistics), and the MUR website (Ministry
of University).

The Italian t-KIBS population specializing in ICT services comprises 120,340 private
firms. It is worth noting that only 33,335 of them have a website (27.70%). These firms are the
target of the keyword search, which allowed for the identification of 9,075 firms that mention at
least one of the 4.0 technologies (from now on 4.0 t-KIBS) and thus could be involved in the pro-
vision and production of these technologies. Below, Table 2 reports the number of firms men-
tioning each of the selected technologies, while Table 3 reports the number of technologies men-

tioned on firms’ websites.

Table 2: Number of t-KIBS mentioning the 4.0 technologies

4.0 technologies N° of firms
Automation & Robotics 3,309
Cloud Computing 3,224
Cyber-Security 2,447
Internet of Things 1,685
Big Data & Analytics 1,443
Artificial Intelligence 1,434
Simulation 1,115
Machine Learning 1,084
Extended reality 1,002
Virtualization 896
Blockchain 696
Additive Manufacturing 366
Advanced IoT 250
Digital Twin 97
Collaborative Robotics 45

Source: authors’ elaboration of ATOKA data
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Table 3: Number of technologies for websites

4.0 technologies Freq. Perc.
1 4,800 52.89
2 1,947 21.45
3 961 10.59
4 521 5.74
5 341 3.76
6 194 2.14
7 116 1.28
8 84 0.93
9 61 0.67
10 29 0.32
11 14 0.15
12 5 0.06
13 2 0.02

Total 9,075 100.00

Source: authors’ elaboration of ATOKA data

Figure 1 and Figure 2 display the distribution of the Italian t-KIBS and 4.0 t-KIBS across
[talian provinces (see Table A1 in the Appendix for detailed information at the province level).
To explore diffusion patterns, location quotients were calculated based on the number of active
businesses at the NUTS3 level. Comparing the two maps, it is evident that the distribution and
concentration of 4.0 t-KIBS differ slightly from that of t-KIBS as a whole. This preliminary evi-
dence supports the research question and suggests that these firms follow a different diffusion

pattern, compared to the whole set of t-KIBS specialized in ICT services.
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LQ t-KIBS
[ 10,41-1,00
[ 1,00 - 1,50
I 1,50 - 1,91

Figure 1: Location quotients of t-KIBS at NUTS 3 area.
Source: authors’ elaborations of ATOKA data

LQ 4.0 t-KIBS
[10,08 - 1,00
[ 1,00 - 1,50
I 1,50 - 2,00
I 2,00 - 2,40

Figure 2: Location quotients of 4.0 t-KIBS at NUTS3 area.
Source: authors’ elaboration of ATOKA data
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2.3 Modelling the Diffusion of 4.0 t-KIBS
To catch the determinants that affect the provision of 4.0 technologies, a probit model with sam-
ple selection (heckprobit command in STATA) was applied. This modelling approach accommo-
dates the binary nature of the dependent variable and allows for the control of sample selection
bias as the dependent variable is only observable if a firm has a website. In line with this, a two-
step procedure was used. In the first step, the selection equation estimates the probability that a
firm has a website, while in the second step, the outcome equation estimates the probability that
a firm mentions a 4.0 technology.

In the selection equation, the response variable (WEBSITE) is a binary variable that
equals one if a firm has a website and zero otherwise. The list of explanatory variables includes

the following firm-level characteristics:

e REV_CLASS, a categorical variable indicating the class of revenue of the firm;

e EMP_CLASS, a categorical variable indicating the class of employees of the firm;

o NACE_CODE, a categorical variable indicating the sector to which a firm belongs;

e STARTUP, a binary variable = 1 if the firm is an innovative start-up according to Ital-
ian legislation®;

e SPINOFF, a binary variable = 1 if the firm is an academic spinoff;

e AGE, a continuous variable that indicates the age of the firm ;

e EXPORT, a binary variable = 1 if the firm sells its products or services abroad.

The equation can be formalized as follows:

PR(WEBSITE = 1), = a+ B,REV_CLASS,+ B,EMP_CLASS, + p,NACE_CODE, +
B, STARTUP; + B SPINOFF,; + B AGE; + B, EXPORT; + &

All the information was retrieved from ATOKA, except for the information on SPINOFF

which was extracted from the NETVAL website.

6 The “Italian Startup Act” is a legal framework introduced in Italy in 2012 that aims to facilitate the creation
and growth of new hi-tech companies. Innovative startups must meet the following requirements: i) they are new
businesses, or have been operating for less than 5 years in Italy or in another EU country and have at least one pro-
duction site branch in Italy; ii) they have an annual turnover of less than 5 million euros; iii) they are not listed on a
regulated market nor on a multilateral negotiation system; iv)they do not distribute profits; v) they are not the result
of a corporate merger, split-up or selling-off; vi) they develop, produce and market innovative products or services
with a clear technological component. In addition, a startup is considered innovative if it meets at least one of the fol-
lowing conditions: 1. R&D and innovation expenditure amounts to at least 15% of its annual costs or turnover; 2. It
employs highly qualified personnel (at least 1/3 PhD holders and students, or researchers, or at least 2/3 Master’s
graduates); 3. The startup is the owner, depositary or licensee of a registered patent, or the owner of registered soft-
ware. If a company meets these requirements, it can obtain the innovative startup status by registering in a special
section of the Business Register and get the access to a range of facilitations and incentive (Italian Ministry of Econom-
ic Development 2019)
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In the outcome equation, the response variable is a binary variable (4.0_tKIBS) that
equals one if a firm mentions at least one of the 4.0 technologies and zero otherwise. As explana-
tory variables, a mix of firm and territorial-level variables was used. The firm-level variables en-
compass all the variables used in the selection equation except for the variables EXPORT and
AGE. The territorial-level variables refer to the Province where the firm is located (NUTS3) and

reflect the main location determinants identified in Section 1.2. The variables include:

e PROV_METRO, a binary variable = 1 if the firm is located in a province classified as a
“metropolitan city”. “Metropolitan cities” were established in 2014 by the Delrio Law
(No.56/2014) and have been in force since 2015. They correspond to the most dense-
ly populated urban areas in the country. This variable was included to check the at-
tractiveness of highly urbanized provinces (Meliciani and Savona 2015; Torres and
Godinho 2020).

e PROV_ID, a continuous variable indicating the degree of districtualization of the Prov-
ince. The variable was calculated using the ISTAT (Italian Institute of Statistics) data
for 2019. This variable was included to assess the attractiveness of industrial district
areas, considering their relevance in the context of the Italian manufacturing sector.
Given that industrial districts correspond to the local labour market (as defined by
ISTAT according to the results of the 2011 population census) the districtualization
degree of the province was computed following the approach adopted by Ferragina
and Mazzotta (2015). The degree of districtualization is calculated by dividing the
number of manufacturing firms located in municipalities belonging to an industrial
district, over the total amount of manufacturing firms present in the province;

e PROV_LE, a continuous variable indicating the percentage of employees employed in
large local units of manufacturing companies out of the total number of employees
employed in local units of manufacturing companies. The variable is calculated using
the ISTAT data for 2019. Its inclusion in the analysis aims to assess the capacity of
large enterprises to stimulate and engage a network of local service providers (Bar-
zotto and De Propris 2021);

e MAN_4.0, a continuous variable that indicates the percentage of 4.0 manufacturers lo-
cated in the province. This original variable was built using the ATOKA platform. The
same keywords that were selected to identify the 4.0 t-KIBS were searched on the
websites of manufacturing firms. This variable was included to examine the influence
of demand coming from co-located manufacturing firms (Meliciani and Savona 2015;

Horvath and Rabetino 2019; Vaillant et al. 2021);
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e STEM_STUD, a continuous variable indicating the percentage of STEM students en-
rolled in the local Universities as a proportion of the total amount of students. The
variable was created using MUR data for 2019. The variable serves as a proxy of local
human capital.

The outcome equation can be estimated as follows:
PR(4.0 tKIBS = 1);
= a+ BLREV_CLASS; + f,EMP_CLASS; + f3sNACE_CODE; + B, STARTUP;
+ BsSPINOFF; + BgPROV_METRO; 5919 + /7PROV_ID; 5019 + +BgPROV_LE; 5019
+ BoMAN_4.0; + B1oSTEM_STUD; + &;
Below, are presented the descriptive statistics of the variables used in the model (see

Table 4) and the correlation matrix (Table 5).

Table 4: Descriptive statistics of the variables included in the model

Variable Mean Std. Dev. Min Max
WEBSITE 277 448 0 1
4.0_tKIBS .075 264 0 1
NACE_CODE . . .
58.2 .005 .069 0 1
61 .079 27 0 1
62 438 496 0 1
63.1 423 494 0 1
72 .055 228 0 1
REV_CLASS . . .
0-10k 674 469 0 1
10k - 200k 172 .378 0 1
200k - 2mln .128 334 0 1
2mln + .026 .159 0 1
EMP_CLASS . . . .
0-1 73 444 0 1
2-9 213 41 0 1
10 + .057 231 0 1
STARTUP .077 267 0 1
SPINOFF .007 .082 0 1
EXPORT .012 .108 0 1
AGE 12.149 10.506 0 122
PROV_METRO 469 499 0 1
PROV_ID 228 .308 0 .983
PROV_LE 242 153 0 .705
MAN_4.0 .024 .014 .002 .055
STEM_STUD .258 .138 0 .766
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3. Empirical Results

3.1 General Model
In this section, the results of the heckprobit models are presented and discussed. The initial step
involved estimating the probability of a firm mentioning at least a 4.0 technology (Model A in
Table 6). Subsequently, the same model was applied exclusively to those firms whose age is be-
low or equal to the average age of the t-KIBS population (i.e., founded less than 13 years ago)
(Model B in Table 6). Lastly, Model C was estimated including only those 4.0 t-KIBS that mention
at least 6 technologies in their website This step aimed to examine whether firms that mention
multiple technologies (multi-technology firms) behave differently. The threshold of 6 technolo-
gies was chosen to ensure a sufficient number of observations for the model to operate effective-
ly (similar results were obtained when the threshold was set to 5 technologies).

The average marginal effects (AMEs), namely computed as the average of all the margin-

al effects from each observation in the sample, are reported in the Appendix (Table A2).
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Table 6: Heckprobit Estimation

Model A Model B Model C
Selection equation: dependent variable = 1 if the firm has a website
REV_CLASS 10k-500k 0.607%** 0.548%** 0.607%**
(0.016) (0.013) (0.016)
REV_CLASS 500k-2mln 0.948%** 0.839%** 0.947%**
(0.024) (0.033) (0.024)
REV_CLASS 2mIn+ 1.173%** 0.944*** 1.170***
(0.056) (0.070) (0.054)
EMP_CLASS 2-9 0.3271%** 0.197*** 0.322%**
(0.016) (0.020) (0.017)
EMP_CLASS 10+ 0.584%** 0.330%** 0.586%**
(0.026) (0.050) (0.027)
NACE CODE 61 -0.791*** -0.915%** -0.788***
(0.069) (0.084) (0.071)
NACE CODE 62 -0.100** -0.146** -0.097**
(0.046) (0.060) (0.048)
NACE CODE 63.1 -0.903*** -0.813*** -0.901***
(0.081) (0.088) (0.083)
NACE CODE 72 -0.263*** -0.284*** -0.261***
(0.060) (0.064) (0.062)
STARTUP 1.788*** 2.006*** 1.787***
(0.072) (0.074) (0.072)
SPINOFF 0.733%** 0.599%** 0.736%**
(0.054) (0.065) (0.054)
AGE 0.011%** 0.0743%** 0.0108***
(0.001) (0.002) (0.000)
EXPORT 0.258%** 0.158** 0.284%**
(0.048) (0.0756) (0.060)
Constant -0.866*** -1.183*** -0.864***
(0.063) (0.059) (0.065)
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Outcome equation: dependent variable = 1 if a firm mentions at least one of the 4.0

technologies
NACE CODE 61 -0.599*** -0.550%** -0.536***
(0.084) (0.119) (0.193)
NACE CODE 62 0.045 0.084 -0.029
(0.085) (0.107) (0.163)
NACE CODE 63.1 -0.859*** -0.613%** -0.622%**
(0.090) (0.108) (0.153)
NACE CODE 72 -0.463*** -0.403%** -0.227
(0.091) (0.107) (0.174)
REV_CLASS 10k-500k 0.453*** 0.399%** 0.290%**
(0.031) (0.031) (0.079)
REV_CLASS 500k-2mln 0.637%** 0.514*** 0.386***
(0.0491) (0.043) (0.072)
REV_CLASS 2mlIn+ 0.882%** 0.571%** 0.808***
(0.063) (0.071) (0.088)
EMP_CLASS 2-9 0.293%** 0.262%** 0.441%%*
(0.022) (0.022) (0.040)
EMP_CLASS 10+ 0.569%** 0.414*** 0.964***
(0.037) (0.033) (0.052)
STARTUP -0.347*** -0.596*** -0.182
(0.085) (0.074) (0.125)
SPINOFF 0.524%%* 0.397%** 0.371%%*
(0.066) (0.087) (0.110)
PROV_METRO -0.015 -0.000 0.060*
(0.025) (0.027) (0.037)
PROV_ID 0.026 0.087** -0.070
(0.036) (0.040) (0.072)
PROV_ENT 0.140 0.112 -0.141
(0.132) (0.146) (0.248)
MAN_4.0 2.096*** 1.508* 6.44.6***
(0.724) (0.830) (1.162)
STEM_STUD 0.051 0.114 -0.0182
(0.070) (0.079) (0.128)
Constant -1.367*** -1.113% -3.233%**
(0.150) (0.158) (0.187)
/Athrho 0.482%** 0.21 1% 1.788***
(0.126) (0.081) (0.067)
N. Obs. 120,340 73,862.00 120,340
Censored Obs. 87,005 53,581 87,005
Uncensored Obs. 33,335 20,281 33,335
Wald chi2 [16] 11,161.35%** 4,955,57%%* 2,310.95%**
Wald testp=0 14.52%** 6.8** 711.55%**
Log pseudolikelihood -68405.13 -40011.51 -53688.77

Standard errors in parentheses

All standard errors are robust standard errors clustered at the NUTS3 level

* p<0.1, ** p<0.05, *** p<0.01
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First, the significance of the Wald test of independent equations indicates that the null
hypothesis of no correlation between the selection and outcome equations can be rejected, sug-
gesting that sample selection may be an issue in the estimations and therefore justifying the
adoption of a two-step approach.

Looking at the results of the selection equations, all coefficients are significant. As ex-
pected, larger, older, and more profitable firms are more likely to have a website. Additionally,
being classified as an innovative startup, an academic spinoff, and an exporter also has a positive
effect on the probability of having a website. On the other hand, firms without a website can be
described as micro-enterprises with a low level of innovation. These findings hold across all
three models, indicating a consistent pattern.

The results of the outcome equation instead provide an overview of the determinants
that regulate the provision of 4.0 technologies. From a firm-level perspective, the three models
show that the probability of mentioning at least one of the 4.0 technologies is higher for bigger
and more profitable firms. In terms of economic activities carried out, 4.0 t-KIBS are mainly as-
sociated with NACE codes 58.2 and 62. However, the former represents a residual category in
absolute terms while the latter forms the largest subgroup among the t-KIBS specialized in 4.0
activities.

Interestingly, the coefficient of innovative startups is negative. This result indicates a low
engagement of ICT innovative startups in the production and provision of 4.0 technologies. Alt-
hough it may sound surprising, this result is in line with the findings of a previous study on in-
novative Italian startups which highlighted the weak digital behaviour of these firms (Centobelli
et al. 2022). Conversely, academic spinoffs appear to be actively engaged in activities related to
4.0 technologies.

From a territorial perspective, co-location with 4.0 manufacturers is the most relevant
determinant, while all other variables are, overall, not significant. The lack of significance of the
three variables denoting three “ideal types” of Italian provinces (highly urbanized provinces, dis-
trictualized provinces and provinces of large enterprises) indicates that the diffusion of 4.0 t-
KIBS does not favour specific places but is ubiquitous across provinces. However, the coefficient
of PROV_ID is positive in Model B. It follows that t-KIBS with an age below the mean established
in provinces with a high degree of districtualization are more likely to be engaged in the produc-
tion/provision of 4.0 technologies than those established in other provinces. This result is par-
tially consistent with a previous study on the diffusion of t-KIBS in Italy which reports a faster
growth of t-KIBS in industrial districts in recent years (Baldoni, De Propris, and Storai 2022). Fi-
nally, Model C shows that 4.0 t-KIBS that mention at least 6 technologies are slightly more likely
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to be located in metropolitan provinces. The fact that these firms mention a higher number of
technologies may indicate their role as multi-technology providers. These organizations rely on
distributed competencies (Granstrand, Patel, and Pavitt 1997) and therefore require a broader
range of skills. This could explain their preference for large, urbanized areas, that tend to offer a
more extensive pool of talents, resources, and infrastructure. These factors make such areas at-
tractive to firms seeking the necessary expertise and support for their multi-faceted technologi-
cal activities. Moreover, in urban contexts, these organizations may take advantage of using not
only localized knowledge but also national and international knowledge (Simmie and Strambach

2006) and reputational advantages (Torres and Godinho 2020).

3.2 Single Technologies Models
To capture specific patterns of supply of the 4.0 technologies examined in this study, the same
model was run using as a response variable a binary variable which equals one if a firm men-
tions a specific technology (e.g., Cloud Computing) and zero otherwise. Table 7.1 and Table 7.2
report the estimations of the outcome equations of the models related to the following technolo-
gies: Cloud Computing, Big Data, Machine Learning, Internet of Things, Additive Manufacturing, ,
Blockchain and Cybersecurity technologies (for the estimations of the selection equations and
the average marginal effects see Table A3.1, A3.2, A4.1 and A4.2 in the Appendix).

First, it can be noticed that for all these 4.0 technologies, size and profits positively affect
the probability of engaging in their production and/or provision. As for the general model, the
coefficient of innovative start-ups is significantly negative for Cloud Computing, Cybersecurity,
and Additive Manufacturing, while in countertrend, is positive for Machine Learning and Block-
chain. This discrepancy can be attributed to the fact that these technologies are less mature and
characterized by a higher degree of uncertainty. Consequently, larger companies may be hesi-
tant to get involved, while innovative startups can benefit from financial and tax incentives, thus
fostering their participation. Academic spinoffs appear to be relevant for all 4.0 technologies ex-
cept Blockchain and Cybersecurity.

Regarding the co-localization with 4.0 manufacturers (a key determinant in the general
model), it is found to be significant for Cloud Computing, Machine Learning and Blockchain.
However, it does not have a significant impact on Big Data, Cybersecurity, Additive Manufactur-
ing, and Extended Reality. This suggests that there may be specific dynamics at play in manufac-
turing companies that make them more or less dependent on these technologies compared to
other sectors.

Furthermore, the presence of specialized human capital, represented by the percentage

of STEM graduates, is found to have a positive impact only on Big Data and the Internet of

88



Chapter 2

Things. This suggests that these technologies rely more the others on a workforce with specific
knowledge and expertise in science, technology, engineering, and mathematics.

When examining the role of different types of provinces, it appears that highly urbanized
provinces are more likely to host firms specialized in Cybersecurity, Big Data, Blockchain, and
Extended Reality. On the other hand, the negative and significant coefficient for Cloud Compu-
ting suggests that firms offering this technology are more likely to be located in less urbanized
provinces. This pattern could be attributed to the widespread adoption of cloud-based applica-
tions and services such as Saa$, [aa$, and PaaS. Cloud Computing is indeed a mature technology
that is rapidly evolving and converging towards more advanced computing architectures such as
Edge Computing and Fog Computing (De Donno, Tange, and Dragoni 2019). However, these
newer computing models do not seem to be extensively prevalent among Italian t-KIBS firms
yet, as indicated in Table 2.

Finally, a higher degree of districtualization is only relevant for Cybersecurity while the
strong presence of large companies has no impact on the specialization in any of the selected 4.0

technologies.
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Table 7.1: Heckprobit Estimation: Outcome equation: dependent variable = 1 if a firm men-
tions at least one of the 4.0 technologies

Cloud Internet of Machine Big
Computing Things Learning Data
NACE CODE 61 -0.141 -0.174 -0.795%** -0.394**
(0.120) (0.144) (0.127) (0.176)
NACE CODE 62 0.096 0.208 -0.023 0.224
(0.117) (0.137) (0.108) (0.173)
NACE CODE 63 -0.637*** -0.610*** -0.746*** -0.401**
(0.126) (0.134) (0.105) (0.175)
NACE CODE 72 -0.823*** -0.062 -0.248** -0.001
(0.133) (0.138) (0.120) (0.162)
REV_CLASS 10k-500k 0.322%** 0.525%** 0.450%*** 0.4971 ***
(0.036) (0.038) (0.035) (0.037)
REV_CLASS 500k-2mln 0.475%** 0.639%** 0.564*** 0.652%**
(0.070) (0.036) (0.034) (0.042)
REV_CLASS 2mln+ 0.710%*** 0.935%** 0.853*** 1.019%***
(0.081) (0.057) (0.043) (0.065)
EMP_CLASS 2-9 0.274*** 0.296%** 0.336*** 0.305%**
(0.027) (0.023) (0.043) (0.036)
EMP_CLASS 10+ 0.529%** 0.665*** 0.750%** 0.719%**
(0.039) (0.043) (0.039) (0.060)
STARTUP -0.537%** 0.0209 0.132%** 0.0123
(0.076) (0.063) (0.043) (0.070)
SPINOFF 0.197** 0.516%** 0.651*** 0.512%**
(0.083) (0.092) (0.074) (0.080)
PROV_METRO -0.054** -0.032 0.048 0.063*
(0.024) (0.027) (0.034) (0.034)
PROV_ID -0.048 -0.122** -0.072 -0.088
(0.042) (0.050) (0.066) (0.054)
PROV_LE -0.105 -0.207 0.0964 -0.095
(0.133) (0.175) (0.200) (0.197)
MAN_4.0 2.058*** 3.064*** 3.683*** 1.717
(0.769) (0.909) (1.011) (1.080)
STEM_STUD 0.0658 0.236%** 0.093 0.184*
(0.070) (0.090) (0.108) (0.099)
Constant -1.908*** -2.804%** -2.864*** -2.970%**
(0.169) (0.153) (0.128) (0.199)
/ athrho 0.341%** 1.9471%*** 1.737*** 1.880%**
(0.106) (0.083) (0.055) (0.107)
N. Obs. 120,340 120,340 120,340 120,340
Censored Obs. 87,005 87,005 87,005 87,005
Uncensored Obs. 33,335 33,335 33,335 33,335
Wald chi2 [16] 2,394.10%** 4,920.55%** 3,957.92%*x* 6,538.27***
Wald testp =0 10.28%** 552.75%** 998.29*** 310.80%**
Log pseudolikelihood -60807.63 -57436.84 -55727.86 -56705.27

Standard errors in parentheses All standard errors are robust standard errors clustered at the NUTS3 level

* p<0.1, ** p<0.05, *** p<0.01
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Table 7.2: Heckprobit Estimation: Outcome equation: dependent variable = 1 if a firm men-
tions at least one of the 4.0 technologies

Blockchain Cybersecurity Additive Extended
Mfg. Reality
NACE CODE 61 -0.450* 0.050 -0.799%** -0.928%***
(0.251) (0.125) (0.250) (0.160)
NACE CODE 62 0.099 0.386*** -0.126 -0.134
(0.158) (0.142) (0.183) (0.179)
NACE CODE 63 -0.237 -0.287** -0.618*** -0.685%**
(0.158) (0.126) (0.231) (0.154)
NACE CODE 72 -0.322* -0.188 0.081 -0.365**
(0.187) (0.144) (0.180) (0.182)
REV_CLASS 10k-500k 0.309%** 0.261*** 0.251%** 0.380***
(0.064) (0.055) (0.063) (0.052)
REV_CLASS 500k-2mln 0.3771%** 0.435%** 0.305%** 0.416***
(0.068) (0.077) (0.079) (0.083)
REV_CLASS 2mln+ 0.649*** 0.730%** 0.452%** 0.584***
(0.090) (0.089) (0.106) (0.084)
EMP_CLASS 2-9 0.159%** 0.2471%** 0.183*** 0.246***
(0.050) (0.038) (0.047) (0.041)
EMP_CLASS 10+ 0.473*** 0.451%** 0.457*** 0.509%***
(0.079) (0.051) (0.075) (0.061)
STARTUP 0.284*** -0.523*** -0.151** -0.038
(0.087) (0.107) (0.069) (0.100)
SPINOFF 0.185 0.004 0.390%*** 0.405%**
(0.138) (0.082) (0.103) (0.108)
PROV_METRO 0.080* 0.093*** -0.0741 0.069*
(0.046) (0.028) (0.056) (0.038)
PROV_ID -0.199** 0.077* 0.0186 -0.003
(0.085) (0.043) (0.100) (0.066)
PROV_LE -0.421 0.234 0.274 -0.152
(0.269) (0.188) (0.250) (0.183)
MAN_4.0 4.433** -0.502 2.010 1.262
(1.727) (1.062) (1.702) (1.333)
STEM_STUD -0.024 0.136 0.123 -0.095
(0.156) (0.092) (0.138) (0.131)
Constant -2.737%** -2.425%** -2.822%** -2.383%**
(0.230) (0.230) (0.191) (0.286)
/ athrho 0.327** 0.340** 0.642*** 0.550*
(0.155) (0.168) (0.237) (0.308)
N. Obs. 120,340 120,340 120,340 120,340
Censored Obs. 87,005 87,005 87,005 87,005
Uncensored Obs. 33,335 33,335 33,335 33,335
Wald chi2 [16] 447 54%** 2,699.57*** 343.97*** 724.06%**
Wald testp =0 4.45%* 4.10** 7.34%** 3.19*
Log pseudolikelihood -54722.98 -59333.45 -53448.84 -55764.62

Standard errors in parentheses - All standard errors are robust standard errors clustered at the NUTS3 level

* p<0.1, ** p<0.05, *** p<0.01,
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4. Discussion
The empirical analysis performed shed light on the firm level, and most importantly on the terri-
torial level peculiarities that affect the geographical diffusion of technology knowledge-intensive
business services involved in the offering of 4.0 technologies.

The findings indicate that overall, this economic segment is predominantly driven by
larger and financially successful organizations that tend to locate themselves close to companies
that demand their services and technologies. This result is in line with the studies on territorial
servitization which suggest the existence of self-reinforcing loops between the service and the
manufacturing sector (Lafuente, Vaillant, and Vendrell-Herrero 2017; Vaillant et al. 2021). This
is also confirmed by the fact that 4.0 t-KIBS with a below-average age are more likely to be found
in ID provinces, which may suggest that the demand for technology from these areas, specialized
in traditional manufacturing activities, may have encouraged the formation of 4.0 t-KIBS in the
last decade, as suggested by Horvath and Rabentino (2019) and by Gomes et al. (2019). Howev-
er, due to the lack of longitudinal data and also in light of the lower concentration of KIBS in ID
areas compared to the others (Baldoni, De Propris, and Storai 2022), it is only possible to infer
the existence of a demand-side effect. This finding might also suggest that in ID provinces (or at
least in some of them) technological recombination processes might be in place, in line with
some evidence from Capello and Lenzi (2021a).

Surprisingly, the attractiveness of highly urbanized areas (metropolitan provinces) is
limited and becomes evident only for multi-technology providers and for some 4.0 technologies
such as Big Data, Blockchain, Cybersecurity and Extended Reality. This finding contradicts the
prevailing literature, which suggests that large cities are increasingly becoming the preferred lo-
cations for digital companies (Zukin 2020; Busch et al. 2021) and the development of 4.0 tech-
nologies (Balland and Boschma 2021). This preference if often attributed to the numerous ad-
vantages that urban areas offer to innovative firms, including infrastructure, urban labour mar-
kets, and easy access to national and international markets (Simmie and Strambach 2006).

This unexpected result may indicate a partial discrepancy between the spatial patterns
of inventions, which are more influenced by urban economies, and innovations diffusion, which
may be more influenced by demand from other sectors. While urban areas may serve as
hotspots for inventions and the initial development of 4.0 technologies, the diffusion and adop-
tion of these technologies may depend on demand from various sectors located in different re-

gions.
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Furthermore, the varying attractiveness of urban areas for different 4.0 technologies
may reflect the distinct transformations taking place in urban and industrial areas (Capello and
Lenzi 2021b) with each potentially incorporating different sets of 4.0 technologies.

When considering the role of Universities and human capital, as proxied by the percent-
age of STEM graduates, it does not appear to be a significant determinant. If on the one hand,
this is consistent with previous studies on the spatial diffusion of business services (Meliciani
and Savona 2015), on the other it may suggest that the share of graduates with a STEM degree
may not be an adequate proxy for measuring human capital in the context of 4.0 technologies.
The lack of significance could be indeed attributed to several factors. Firstly, the percentage of
STEM graduates may not fully capture the relevant skills and expertise required for the devel-
opment and provision of 4.0 technologies. Human capital in the context of 4.0 technologies en-
compasses a broader range of skills beyond STEM disciplines. Secondly, the measurement of
human capital solely based on the percentage of STEM graduates may overlook other important
dimensions, such as work experience, industry-specific knowledge, and specialized training.
These factors could significantly influence the ability of individuals and organizations to engage
with and provide 4.0 technologies. When examining academic spinoffs, the role of the university
becomes more evident. Academic spinoffs are highly involved in the provision of 4.0 technology.
This suggests that universities contribute to the formation of 4.0 technological knowledge-
intensive business services (t-KIBS) primarily by channelling resources and knowledge through
spinoff ventures. Academic spinoffs play a vital role in commercializing research outcomes and
transferring technology from universities to the market. These findings highlight also the im-
portance of a local entrepreneurial industrial ecosystem in the diffusion of 4.0 technologies, as
suggested by Capello and Lenzi (2021a).

Finally, the presence of distinct spatial patterns and varying degrees of engagement of
academic spinoffs and innovative startups confirms the heterogeneous nature of 4.0 technolo-
gies. The information on startups gives us a preliminary insight into the degree of openness of
each technology to new organizations. Machine learning technology, for example, is character-
ized by the engagement of both academic spinoffs and innovative startups, which could indicate
that multiple companies are involved in the knowledge production and diffusion of these tech-
nologies.

Overall, the presence of distinct diffusion patterns for the analysed technologies and the
varying involvement of different actors provide support for the notion that these technologies
may be reliant on different technological systems even though they are interconnected. This

highlights the importance of recognizing the diverse dynamics and contexts within which 4.0
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technologies operate, as well as the need for tailored approaches to effectively promote their

adoption and development.

Conclusions
This chapter presents a valuable and unique contribution to the expanding body of literature fo-
cused on the territorial dynamics related to the development and diffusion of 4.0 technologies. It
also adds to the existing research exploring the spatial dynamics that govern the service sector.

Unlike many previous studies that have examined the geographical patterns of 4.0 inven-
tions (Balland and Boschma 2021; Corradini, Santini, and Vecciolini 2021), this research adopts
a more applied-oriented perspective to uncover the diffusion of 4.0 technologies within techno-
logical knowledge-intensive business services. By adopting a supply perspective, this study fo-
cuses on the internal and territorial factors that affect the provision of these technologies and
related services. Instead of relying on traditional indicators such as patents or R&D data, this
study utilizes web data to identify the technological service providers involved in the production
or provision of 4.0 technologies. By using web data, the research aims to capture a broader
range of information that may be missed by relying solely on R&D and patent-based investiga-
tions. While this approach has its limitations, it is believed that web data analysis can offer valu-
able and original insights into the diffusion of technologies that are not captured through tradi-
tional research methods.

Overall, this study confirms that the spatial distribution of technological services in-
volved in 4.0-related activities in Italy is mainly driven by demand coming from other sectors
and to a lesser extent by urbanization economies.

The policy implications of this research are manifold. Firstly, the methodological ap-
proach adopted can provide policymakers with real-time information on the innovation capacity
of the territorial innovation system and the different types of organizations involved. It should
also warn us that relying on economic classifications alone could lead to biased results and that
it is therefore important to complement this data with additional information, from other
sources. As shown by the location quotient analysis reported in Section 2.2, the higher concen-
tration of t-KIBS in large urban areas does not always correspond to a higher concentration of
4.0 t-KIBS (the province of Rome is a clear example.) Secondly, the findings highlight the im-
portance of co-located demand. Policies should therefore encourage local networking and the
integration of service providers within the local and regional economic fabric. Furthermore, the
contribution of universities particularly through academic spinoffs, underscores the importance
of nurturing strong university-industry linkages to support the diffusion and commercialization
of 4.0 technologies developed within the academic environment. The heterogeneous nature of
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4.0 technologies implies also that policies and strategies aimed at fostering their development
and diffusion should be tailored to the specific characteristics of each technology. Understanding
the involvement of different types of organizations, such as academic spinoffs and innovative
startups, can provide valuable information for policymakers and industry stakeholders to sup-
port the growth and adoption of 4.0 technologies in a targeted and effective manner.

There are several limitations to consider in this study. One limitation is the reliance on a
keyword-based approach for identifying technological service providers involved in the produc-
tion or provision of 4.0 technologies. While this approach provides valuable insights, it may not
capture all relevant organizations, especially those that may not use specific keywords in their
online presence. This could result in the underrepresentation or omission of certain providers,
potentially biasing the findings. Another limitation is the speculative nature of the argumenta-
tion presented in the chapter regarding the spatial patterns that regulate the diffusion of the sin-
gle 4.0 technologies. While the study provides interesting insights and preliminary evidence on
spatial dynamics, further research is needed to empirically test and better understand the moti-
vation behind these patterns. Additionally, this study focuses on the context of Italy, and the
findings may not be directly generalizable to other countries or regions. It would be valuable to
extend this research to other countries and compare the spatial patterns and determinants of 4.0
technology provision across different contexts. This would enhance our understanding of the
processes involved in the diffusion of 4.0 technologies and provide insights into the role of con-

textual factors.
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Appendix
Table A1l: Distribution of t-KIBS across Italian Provinces
T-KIBS T-KIBS with a 4.0 T-KIBS
website

Provincia Freq. Percent Freq. Percent Freq. Percent
Agrigento 392 0.33 48 0.14 11 0.12
Alessandria 491 0.41 122 0.37 30 0.33
Ancona 790 0.66 272 0.82 81 0.89
Aosta 188 0.16 57 0.17 9 0.10
Arezzo 563 0.47 167 0.50 50 0.55
Ascoli Piceno 519 0.43 143 0.43 35 0.39
Asti 256 0.21 61 0.18 18 0.20
Avellino 577 0.48 163 0.49 33 0.36
Bari 2,110 1.75 603 1.81 164 1.81
Barletta-Andria-Trani 356 0.30 78 0.23 12 0.13
Belluno 192 0.16 58 0.17 22 0.24
Benevento 551 0.46 115 0.34 33 0.36
Bergamo 2,071 1.72 641 1.92 177 1.95
Biella 245 0.20 78 0.23 29 0.32
Bologna 2,448 2.03 860 2.58 264 2.91
Bolzano/Bozen 1,121 0.93 352 1.06 69 0.76
Brescia 2,620 2.18 796 2.39 226 2.49
Brindisi 443 0.37 82 0.25 17 0.19
Cagliari 1,226 1.02 288 0.86 60 0.66
Caltanissetta 268 0.22 38 0.11 10 0.11
Campobasso 314 0.26 70 0.21 11 0.12
Caserta 1,316 1.09 272 0.82 53 0.58
Catania 1,727 1.44 382 1.15 101 1.11
Catanzaro 522 0.43 127 0.38 28 0.31
Chieti 680 0.57 162 0.49 49 0.54
Como 961 0.80 272 0.82 87 0.96
Cosenza 1,117 0.93 262 0.79 76 0.84
Cremona 449 0.37 130 0.39 43 0.47
Crotone 259 0.22 30 0.09 7 0.08
Cuneo 721 0.60 274 0.82 89 0.98
Enna 152 0.13 25 0.07 2 0.02
Fermo 316 0.26 73 0.22 16 0.18
Ferrara 498 0.41 135 0.40 40 0.44
Firenze 2,330 1.94 690 2.07 209 2.30
Foggia 580 0.48 115 0.34 18 0.20
Forli-Cesena 613 0.51 200 0.60 51 0.56
Frosinone 727 0.60 144 0.43 37 0.41
Genova 1,626 1.35 496 1.49 158 1.74
Gorizia 185 0.15 51 0.15 14 0.15
Grosseto 251 0.21 62 0.19 16 0.18
Imperia 300 0.25 60 0.18 13 0.14
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Isernia
L'Aquila
La Spezia
Latina
Lecce
Lecco
Livorno
Lodi
Lucca
Macerata
Mantova
Massa-Carrara
Matera
Messina
Milano
Modena

Monza e della Brianza

Napoli

Novara

Nuoro

Oristano
Padova
Palermo

Parma

Pavia

Perugia

Pesaro e Urbino
Pescara
Piacenza

Pisa

Pistoia
Pordenone
Potenza

Prato

Ragusa
Ravenna
Reggio Calabria

Reggio nell'Emilia

Rieti
Rimini
Roma
Rovigo
Salerno
Sassari
Savona
Siena
Siracusa

117
583
298
959
1,101
550
531
312
711
613
554
375
252
1,022
14,540
1,476
2,059
5917
599
215
159
2,348
2,006
847
813
1,218
517
760
546
1,007
595
481
598
703
527
534
641
926
206
670
14,262
328
1,971
839
327
413
601

0.10
0.48
0.25
0.80
0.91
0.46
0.44
0.26
0.59
0.51
0.46
0.31
0.21
0.85
12.08
1.23
1.71
492
0.50
0.18
0.13
1.95
1.67
0.70
0.68
1.01
0.43
0.63
0.45
0.84
0.49
0.40
0.50
0.58
0.44
0.44
0.53
0.77
0.17
0.56
11.85
0.27
1.64
0.70
0.27
0.34
0.50

19
116
57
184
295
177
119
78
216
170
163
67
67
176
5060
449
535
1,250
172
36
22
780
327
259
225
366
140
191
157
351
132
170
159
164
89
175
116
274
35
209
3,613
96
446
144
93
147
88
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0.06
0.35
0.17
0.55
0.88
0.53
0.36
0.23
0.65
0.51
0.49
0.20
0.20
0.53
15.18
1.35
1.60
3.75
0.52
0.11
0.07
2.34
0.98
0.78
0.67
1.10
0.42
0.57
0.47
1.05
0.40
0.51
0.48
0.49
0.27
0.52
0.35
0.82
0.10
0.63
10.84
0.29
1.34
0.43
0.28
0.44
0.26

25
12
43
75
54
32
19
56
40
46
18
16
35
1,379
129
174
251
49

239
74
87
70
89
40
60
52

135
29
53
20
51
12
59
23
94

51
957
21
84
27
21
36
20

0.09
0.28
0.13
0.47
0.83
0.60
0.35
0.21
0.62
0.44
0.51
0.20
0.18
0.39
15.20
1.42
1.92
2.77
0.54
0.08
0.02
2.63
0.82
0.96
0.77
0.98
0.44
0.66
0.57
1.49
0.32
0.58
0.22
0.56
0.13
0.65
0.25
1.04
0.03
0.56
10.55
0.23
0.93
0.30
0.23
0.40
0.22
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Sondrio 181 0.15 42 0.13 11 0.12
Sud Sardegna 309 0.26 39 0.12 4 0.04
Taranto 679 0.56 146 0.44 45 0.50
Teramo 567 0.47 136 0.41 32 0.35
Terni 417 0.35 114 0.34 24 0.26
Torino 5,190 4.31 1,614 4.84 507 5.59
Trapani 581 0.48 80 0.24 19 0.21
Trento 1,170 0.97 505 1.51 129 1.42
Treviso 1,643 1.37 523 1.57 164 1.81
Trieste 485 0.40 172 0.52 54 0.60
Udine 1,065 0.88 334 1.00 102 1.12
Varese 1,388 1.15 406 1.22 125 1.38
Venezia 1,450 1.20 453 1.36 151 1.66
Verbano-Cusio-Ossola 164 0.14 45 0.13 11 0.12
Vercelli 189 0.16 35 0.10 12 0.13
Verona 1,774 1.47 595 1.78 161 1.77
Vibo Valentia 144 0.12 14 0.04 4 0.04
Vicenza 1,756 1.46 562 1.69 157 1.73
Viterbo 490 0.41 92 0.28 18 0.20
Total 120,340 100.00 33,335 100.00 9,075 100.00
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Table A2: Average Marginal Effects (delta-methods)

Variables Model A Model B Model C
NACE CODE 61 -0.103*** -0.114%%* -0.005*
(0.021) (0.031) (0.003)
NACE CODE 62 0.011 0.023 -0.000
(0.019) (0.028) (0.002)
NACE CODE 63 -0.128*** -0.123%%* -0.005**
(0.023) (0.030) (0.002)
NACE CODE 72 -0.085%** -0.090*** -0.003
(0.023) (0.030) (0.002)
REV_CLASS 10k-500k 0.074%** 0.089*** 0.002%**
(0.006) (0.007) (0.001)
REV_CLASS 500k-2mln 0.115%** 0.120%** 0.003***
(0.006) (0.007) (0.001)
REV_CLASS 2mln+ 0.179%** 0.137%** 0.011%**
(0.012) (0.023) (0.002)
EMP_CLASS 2-9 0.048*** 0.059*** 0.003%**
(0.004) (0.008) (0.000)
EMP_CLASS 10+ 0.108*** 0.099*** 0.013%**
(0.007) (0.012) (0.001)
STARTUP -0.04.6%** -0.100%** -0.001*
(0.014) (0.019) (0.001)
SPINOFF 0.104*** 0.098*** 0.005**
(0.013) (0.020) (0.002)
PROV_METRO -0.002 -0.000 0.001*
(0.004) (0.006) (0.000)
PROV_ID 0.004 0.018** -0.001
(0.005) (0.008) (0.001)
PROV_LE 0.022 0.023 -0.001
(0.021) (0.031) (0.002)
MAN_4.0 0.325%%* 0.315* 0.062%**
(0.113) (0.174) (0.011)
STEM_STUD 0.008 0.024 -0.000
(0.011) (0.017) (0.001)

SE in parentheses, Model VCE: Robust
"p<01"p<0.05"p<0.01
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Table A3.1: Heckprobit Estimation

Selection equation: dependent variable = 1 if the firm has a website

Cloud Internet of Machine Big Data
Computing Things Learning
REV_CLASS 10k-500k 0.606%** 0.607*** 0.605%** 0.606%**
(0.016) (0.016) (0.016) (0.016)
REV_CLASS 500k-Zmln 0.947%** 0.947*** 0.946%** 0.947%**
(0.024) (0.024) (0.024) (0.024)
REV_CLASS 2mln+ 1.168*** 1.172%%* 1.168*** 1.172%%*
(0.055) (0.055) (0.054) (0.054)
EMP_CLASS 2-9 0.322%** 0.3271%** 0.322%** 0.3271%**
(0.016) (0.017) (0.017) (0.017)
EMP_CLASS 10+ 0.587%** 0.582%*** 0.584%** 0.5871%**
(0.027) (0.027) (0.027) (0.026)
NACE CODE 61 -0.785%** -0.784*** -0.783%** -0.789%**
(0.071) (0.072) (0.072) (0.070)
NACE CODE 62 -0.094** -0.094* -0.092* -0.099**
(0.048) (0.048) (0.049) (0.048)
NACE CODE 63 -0.897*** -0.898*** -0.896*** -0.902%**
(0.082) (0.083) (0.084) (0.083)
NACE CODE 72 -0.256*** -0.258*** -0.258*** -0.262***
(0.061) (0.062) (0.063) (0.062)
STARTUP 1.787*** 1.788*** 1.789%** 1.787***
(0.072) (0.072) (0.073) (0.073)
SPINOFF 0.735%** 0.727*** 0.733%** 0.737%**
(0.055) (0.055) (0.055) (0.054)
AGE 0.017%** 0.017*** 0.017%** 0.017%**
(0.001) (0.001) (0.001) (0.001)
EXPORT 0.289%** 0.282%*** 0.287%** 0.279%**
(0.057) (0.059) (0.061) (0.058)
Constant -0.868*** -0.870%** -0.8771%** -0.865***
(0.064) (0.065) (0.065) (0.064)
/athrho 0.341%** 1.941%** 1.737%** 1.880***
(0.106) (0.083) (0.055) (0.107)
N 120,340.00 120,340.00 120,340.00 120,340.00
chi2 2,394.10*** 4,920.55 3,957.92 6,538.27

Standard errors in parentheses

All standard errors are robust standard errors clustered at the NUTS3 level

* p<0.1, ** p<0.05, *** p<0.01
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Table A3.2: Heckprobit Estimation
Selection equation: dependent variable = 1 if the firm has a website

Blockchain Cybersecurity Additive Extended
Mfg. Reality
REV_CLASS 10k-500k 0.607*** 0.606*** 0.607%** 0.607%**
(0.016) (0.016) (0.016) (0.016)
REV_CLASS 500k-Zmln 0.947%** 0.947*** 0.947%** 0.947%**
(0.024) (0.024) (0.024) (0.024)
REV_CLASS 2mln+ 1.165*** 1.165*** 1.166*** 1.166***
(0.055) (0.055) (0.055) (0.055)
EMP_CLASS 2-9 0.322%** 0.322%** 0.327%** 0.327%**
(0.017) (0.017) (0.017) (0.017)
EMP_CLASS 10+ 0.586%** 0.587*** 0.585%** 0.585%**
(0.027) (0.027) (0.027) (0.027)
NACE CODE 61 -0.786*** -0.786*** -0.787*** -0.789***
(0.071) (0.071) (0.071) (0.070)
NACE CODE 62 -0.09** -0.096** -0.097** -0.099**
(0.048) (0.048) (0.048) (0.048)
NACE CODE 63 -0.899*** -0.898*** -0.899*** -0.902***
(0.082) (0.083) (0.082) (0.082)
NACE CODE 72 -0.258*** -0.257%** -0.258*** -0.262***
(0.062) (0.062) (0.062) (0.062)
STARTUP 1.787*** 1.787*** 1.787*** 1.788***
(0.072) (0.072) (0.072) (0.072)
SPINOFF 0.733%** 0.738*** 0.735%** 0.733%**
(0.054) (0.055) (0.054) (0.054)
AGE 0.017%** 0.017*** 0.017%** 0.017%**
(0.001) (0.001) (0.001) (0.001)
EXPORT 0.294%** 0.296*** 0.296%** 0.292%**
(0.057) (0.057) (0.057) (0.056)
Constant -0.867*** -0.867*** -0.866*** -0.864***
(0.064) (0.065) (0.0643) (0.064)
/athrho 0.327** 0.340** 0.642*** 0.550*
(0.155) (0.168) (0.237) (0.308)
N 120,340.00 120,340.00 120,340.00 120,340.00
chi2 447.54 2,699.57 343.97 724.06

Standard errors in parentheses
All standard errors are robust standard errors clustered at the NUTS3 level
* p<0.1, ** p<0.05, *** p<0.01
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Table A4.1: Average Marginal Effects - Single Technology Models (delta-methods)

Cloud Internet of Machine Big
Computing Things Learning Data
NACE CODE 61 -0.013 -0.005 -0.013*** -0.007
(-0.012) (-0.004) (-0.003) (-0.004)
NACE CODE 62 0.011 0.008* -0.001 0.007
(-0.012) (-0.004) (-0.003) (-0.004)
NACE CODE 63 -0.040%** -0.01 %%+ -0.012%%* -0.007
(-0.013) (-0.004) (-0.003) (-0.004)
NACE CODE 72 -0.045%** -0.002 -0.006* 0.000
(-0.014) (-0.004) (-0.004) (-0.004)
REV_CLASS 10k-500k 0.023%** 0.0129%** 0.007*** 0.010%***
(-0.002) (-0.001) (-0.001) (-0.001)
REV_CLASS 500k-Zmln 0.039%*** 0.018%*** 0.010%*** 0.015%**
(-0.004) (-0.001) (-0.001) (-0.001)
REV_CLASS Zmln+ 0.071%** 0.037%** 0.0222%** 0.038***
(-0.007) (-0.004) (-0.002) (-0.005)
EMP_CLASS 2-9 0.0271%** 0.008*** 0.00555%** 0.006***
(-0.003) (-0.001) (-0.001) (-0.001)
EMP_CLASS 10+ 0.050%*** 0.026%** 0.0271 *** 0.025%**
(-0.006) (-0.002) (-0.002) (-0.003)
STARTUP -0.028*** 0.001 0.003*** 0.000
(-0.006) (-0.002) (-0.001) (-0.002)
SPINOFF 0.017** 0.023%** 0.024%** 0.020%**
(-0.008) (-0.006) (-0.004) (-0.005)
PROV_METRO -0.004** -0.001 0.001 0.002*
(-0.002) (-0.001) (-0.001) (-0.001)
PROV_ID -0.004 -0.004** -0.001 -0.002
(-0.003) (-0.001) (-0.001) (-0.001)
PROV_LE -0.008 -0.006 0.002 -0.002
(-0.010) (-0.005) (-0.004) (-0.005)
MAN_4.0 0.1571%** 0.088*** 0.072%** 0.043
(-0.057) (-0.026) (-0.020) (-0.027)
STEM_STUD 0.005 0.007%** 0.002 0.005*
(-0.005) (-0.003) (-0.002) (-0.003)

Standard errors in parentheses

All standard errors are robust standard errors clustered at the NUTS3 level

* p<0.1, ** p<0.05, *** p<0.01
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Table A4.2: Average Marginal Effects - Single Technology Models

Additive Extended Re-
Blockchain Cybersecurity = manufactur- .
ing ality
NACE CODE 61 -0.006 0.003 -0.006* -0.017*
(0.004) (0.006) (0.003) (0.010)
NACE CODE 62 0.002 0.027%*** -0.002 -0.005
(0.003) (0.007) (0.003) (0.009)
NACE CODE 63 -0.004 -0.011* -0.005 -0.017*
(0.003) (0.006) (0.003) (0.009)
NACE CODE 72 -0.005 -0.008 0.002 -0.012
(0.004) (0.007) (0.003) (0.009)
REV_CLASS 10k-500k 0.005%** 0.014%** 0.002*** 0.008***
(0.001) (0.002) (0.000) (0.001)
REV_CLASS 500k-2mln 0.007*** 0.028%** 0.003*** 0.009%**
(0.001) (0.003) (0.001) (0.001)
REV_CLASS 2mIn+ 0.018*** 0.062*** 0.005*** 0.0162%**
(0.003) (0.006) (0.002) (0.004)
EMP_CLASS 2-9 0.003*** 0.015%** 0.002*** 0.005%**
(0.001) (0.002) (0.000) (0.001)
EMP_CLASS 10+ 0.012%** 0.033%** 0.006*** 0.015%**
(0.002) (0.005) (0.001) (0.002)
STARTUP 0.007*** -0.021*** -0.001** -0.001
(0.002) (0.007) (0.001) (0.002)
SPINOFF 0.004 0.000 0.006** 0.014%**
(0.004) (0.005) (0.002) (0.005)
PROV_METRO 0.001* 0.005*** -0.001 0.002
(0.001) (0.002) (0.001) (0.001)
PROV_ID -0.004** 0.005* 0.000 0.000
(0.002) (0.003) (0.001) (0.001)
PROV_LE -0.008 0.014 0.002 -0.003
(0.005) (0.011) (0.002) (0.004)
MAN_4.0 0.084** -0.030 0.018 0.028
(0.034) (0.063) (0.015) (0.029)
STEM_STUD 0.000 0.008 0.001 -0.002
(0.003) (0.006) (0.001) (0.003)

Standard errors in parentheses

All standard errors are robust standard errors clustered at the NUTS3 level

* p<0.1, ** p<0.05, *** p<0.01
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Exploring Innovation Variety in Italian
4.0 T-KIBS

Abstract
Building on the literature on KIBS variety, this chapter aims to capture the heterogeneous nature
of the technological knowledge-intensive providers (t-KIBS) involved in the production and de-
livery of 4.0 technologies. The empirical analysis draws on a combination of web data and data
collected through an original survey among a sample of 500 t-KIBS. It is split into two parts. Us-
ing a probit approach, the first part of the analysis explores whether and to what extent the pe-
culiarities of 4.0 t-KIBS vary mainly according to their geographical scope and innovation output.
The second part of the analysis employs a matching technique to compare certain attributes of
4.0 t-KIBS with those whose activities are not centred around 4.0 technologies. The main results
show that the activities of 4.0 t-KIBS have a broader geographical scope that goes beyond local
and regional boundaries. In contrast to established literature on KIBS, this is especially true for
those t-KIBS that deliver customized innovations tailored to the needs of customers. From a
cognitive perspective, it emerges the tendency of 4.0 t-KIBS to also rely on non-technical
knowledge, while in terms of collaborations, they are more likely to collaborate with firms be-
longing to the same business group. Finally, 4.0 that are regionally anchored, meaning they have
not established an inter-regional network, are more likely to develop services and technologies

specifically for public administrations.

Keywords: KIBS variety; t-KIBS; Innovation; 4.0 Technology
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Introduction
This chapter aims to investigate the characteristics and innovation micro-behaviours of private
technological knowledge-intensive business services (t-KIBS) involved in the production and
provision of 4.0 technologies and 4.0 related services.

These organizations have been recognised as key actors capable of supporting the eco-
nomic development and innovation capacity of regions (Corrocher and Cusmano 2014; Content
et al. 2022). Recent studies have confirmed their relevance also in the 4.0 competitive scenario
(Vaillant et al. 2021) highlighting the strong presence of these organizations in regions where
the digital economy is better developed (Capello, Lenzi, and Panzera 2022). Overall, t-KIBS or-
ganizations provide a twofold contribution to the 4.0 innovation landscape. On the one hand,
they are involved in the production of information and communication technologies and related
services, which are at the heart of the 4.0 paradigm (Laffi and Boschma 2022). On the other, t-
KIBS act as an intermediaries and adapt technologies developed by others to the needs of their
clients, thereby enhancing the 4.0 innovativeness and the competitiveness of their business cus-
tomers (Bustinza, Opazo-Basaez, and Tarba 2022).

Despite their relevance, not many studies have focused specifically on these types of or-
ganizations in the 4.0 competitive scenario. Some contributions have drawn attention to public
business service providers and highlighted their relevance in supporting the introduction of 4.0
technologies in small and medium-sized enterprises (Larrea and Estensoro 2021) or explored
how these organizations have modified their business models to support the implementation of
new technological solutions (Rossi et al. 2022). As far as private t-KIBS are concerned, the main
contributions come from the literature on territorial servitization, which primarily focuses on
the relations and interactions between these organizations and the manufacturing sector (Bel-
landi and Santini 2019; Lafuente, Vaillant, and Vendrell-Herrero 2019; Horvath and Rabetino
2019).

Similar to the analysis carried out in Chapter 2, this study adopts a broader perspective
as its main goal is to explore the characteristics and innovation behaviours of the t-KIBS in-
volved in the production and provision of 4.0 technologies, so their cross-sectoral interactions
are only one aspect of interest. Unlike the majority of studies on KIBS, this research does not tar-
get t-KIBS as a whole, but only a specific subset of them specializing in computer programming
and consulting activities (NACE 62). It draws on the same database built for Chapter 2, which in-
cludes firm-level information collected using web data as well as additional data collected by

surveying a sample of 4.0 t-KIBS and non-4.0 KIBS. Additionally, interviews were conducted
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with a small group of 4.0 t-KIBS to gather further insights and enhance the understanding of the
results of the survey.

Following the literature on KIBS variety which suggests the existence of differences even
within sub-sectors of KIBS (Freel 2006; Corrocher, Cusmano, and Morrison 2009; Pina and
Tether 2016), and considering the transformations occurring in the ICT service sector (Acker,
Grone, and Schroder 2016), this chapter has two main objectives. Primarily, it aims to analyse
the heterogeneous characteristics and profiles of organizations involved in the provision of 4.0
technology and examine whether and how they differ according to some key dimensions often
analysed in KIBS variety literature. These include the geographical scope, innovation output,
cognitive structure, external collaborations, and client focus. As highlighted by existing litera-
ture, KIBS differ greatly, for instance in terms of innovation behaviour (Li, Gagliardi, and Miles
2019) or cognitive structure (Consoli and Elche-Hortelano 2010) and consequently affect the in-
novation processes in different ways. This heterogeneity can be observed also in the new 4.0 in-
novation scenario, where 4.0 t-KIBS are actively engaged in various activities ranging from tech-
nology development to intermediation and service provision. Despite this evidence, this assort-
ment has not been explored in the literature, which at most has distinguished between profes-
sional or technological services (De Propris and Storai 2019; Vaillant et al. 2021). Secondly, this
chapter aims to explore the evolutionary trajectory of 4.0 t-KIBS in comparison to t-KIBS special-
izing in other ICT services (Nelson and Winter 1982). The goal is to understand what are the
competencies and unique characteristics that differentiate these organizations. For instance, the
literature suggests that compared to previous information and communication technologies, the
new 4.0 technological wave requires a greater integration with traditional technology, such as
smart products. Consequently, one might inquire about the specific competencies that 4.0 t-KIBS
need to acquire to provide these technologies.

In summary, this study addresses the following research questions:

. How and to what extent do 4.0 t-KIBS differ, according mainly to their geograph-
ical scope and their innovation outputs?
. Whether and to what extent do 4.0 t-KIBS differ from those specialized in ICT but

whose activities do not revolve around 4.0 technologies?

Following this introduction, the rest of the chapter is organized as follows. The first sec-
tion provides a review of the literature on KIBS variety and t-KIBS in the 4.0 competitive scenar-
io, establishing the theoretical background of the analysis. The second section illustrates the
adopted empirical strategy. The third and the fourth sections present and discuss the results, re-

spectively. The final section offers conclusions and policy implications.
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1. Theoretical Background

1.1 KIBS Variety
Knowledge-intensive business services (KIBS) are the centre of a long-standing strand of re-
search that reflects the growing importance of knowledge as a factor of production (Antonelli
1999). The concept of KIBS was initially introduced by Miles in 1995, who described them as
capital and know-how-intensive organizations dedicated to the collection and production of
knowledge, not for private consumption (Strambach 2001) but with the intended or unintended
purpose of transferring and disseminating that knowledge across a pool of final end-users.

Although often treated as a homogeneous group (Tether 2005), the KIBS sector compris-
es a wide variety of organizations that engage in different types of activities, perform different
functions, and support in many ways the innovation system in which they operate. The demarca-
tion made by Miles et. (1995) between professional knowledge-intensive business services (p-
KIBS) and technological knowledge-intensive business services (t-KIBS) still represents the cor-
nerstone for research on the heterogeneity of KIBS. P-KIBS includes traditional professional ser-
vices (e.g., accounting, and legal services, market research and personnel services) whose main
purpose is to help users navigate complex systems. T-KIBS is instead concerned with the devel-
opment of technology-related services (e.g., ICT and biotechnology) and the production and
transfer of knowledge about new technologies. Later research has expanded this taxonomy clari-
fying and strengthening the differences between these two main categories or exploring the pe-
culiarities of specific sub-groups of KIBS (e.g., architects, engineers, business consultancy or IT
firms).

Studies examining the assortment of the cognitive structure of KIBS firms fall within this
line of research (Consoli and Elche-Hortelano 2010; Tether, Li, and Mina 2012; Pina and Tether
2016). Overall, these studies emphasize how KIBS firms with different knowledge bases exhibit
distinct characteristics and behaviours. According to Consoli and Elche-Hortelano (2010), p-
KIBS rely to a greater extent on highly skilled workers and cognitive non-routinary skills, which
are essential to pursue problem-solving tasks arising from unique client-supplier relations. In
contrast, technological KIBS, such as ICT consultancy and software development, rely more on
standardised tasks and require a lower degree of professional autonomy in decision-making.
Other studies focus on KIBS operating in specific sectors and explore how their knowledge base
(analytical, synthetic or symbolic) affects their location choice, economic performance (Tether,
Li, and Mina 2012) or propensity to innovate (Pina and Tether 2016). For instance, KIBS firms
grounded in a symbolic knowledge base are more likely to be located in metropolitan areas

(Tether, Li, and Mina 2012) and tend to invest less in R&D (Pina and Tether 2016), whereas
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those relying on analytical and synthetic knowledge are more incline to introduce innovations
(Pina and Tether 2016).

Other studies have delved into the activities and functions of specific types of KIBS or-
ganizations, highlighting their heterogeneity in terms of strategies and innovation behaviours.
Probert et al. (2013) focused on R&D service? firms located in the Cambridge area describing the
way in which they accumulated and intermediated knowledge in the area and how their strate-
gies evolved over time. By looking at the innovation strategies of KIBS firms Li, Gagliardi and
Miles (2019) identified two main modes of innovation: as KIBS (developers of ad-hoc innova-
tions in collaboration with their customers) or as New Technology-based Firms (product-
oriented innovations undertaken via in-house R&D). This taxonomy reflects the multiple roles
that KIBS can play in the innovation system: as pure innovators and as intermediates that trans-
late and adapt the knowledge produced by others according to satisfy the needs of their clients
(Strambach 2008). In a similar way, Corrocher, Cusmano, and Morrison (2009), highlighted the
existence of multiple patterns of innovation across KIBS organizations that do not always re-
volve around interactions with external organizations but may include product innovation.

External collaborations represent indeed a core peculiarity of KIBS and, more in general,
service firms. The majority of the studies have examined collaboration with customers (Betten-
court et al. 2002; Miles 2012; Scarso and Bolisani 2012; Hu 2017). KIBS-client interactions are
indeed a distinctive feature of KIBS involving a multitude of mutual knowledge flows that may
fall within or outside the contractual domain and may take a tangible form or an intangible form
(Den Hertog 2000). The intensity of these interactions depends on the degree of customization
of KIBS products and services (Cabigiosu and Campagnolo 2019): highly customized services
can only be delivered if KIBS have developed both the codified and tacit knowledge required to
meet clients’ needs and detect new market opportunities. For this reason, spatial and social
proximity is seen as crucial for many KIBS, especially those involved in interactive innovations
(Corrocher, Cusmano, and Morrison 2009). This is because it enables direct and continuous face-
to-face contacts and tacit knowledge exchanges, thus affecting the ability of KIBS to successfully
provide tailored service, meet the needs of their clients (Muller and Zenker 2001a) and reduce
the cognitive distance (Broekel and Boschma 2016).,

Other studies have focused, instead, on the interactions between KIBS and Universities
(Pinto, Fernandez-Esquinas, and Uyarra 2015; Lee and Miozzo 2019). In this context, Lee and
Miozzo (2019) have shown that collaborations between KIBS and Universities are not exclusive to

science-based KIBS, although they are more common. KIBS operating in a DUI mode also collab-

7 R&D Service Firms are associated to NACE code 72 and are considered a subset of KIBS
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orate with Universities but with a different aim: not to integrate formalized knowledge from
universities but rather to strengthen their innovation capabilities.

Taking into account all the various evidence from existing research on KIBS summarized
in this section, the analysis performed aims to examine whether it is possible to identify differ-
ent profiles of 4.0 t-KIBS and to what extent they differ from other ICT service providers. The fol-
lowing section recalls the changes that 4.0 technologies are bringing in the competitive scenario

and the KIBS sector.

1.2 Technological KIBS in the 4.0 Competitive Scenario
If KIBS have been recognized as crucial actors in the knowledge-based economy (Muller and
Zenker 2001a), it is still unclear how they operate in the 4.0 competitive scenario and to what
extent they differ from more traditional ICT companies. As already discussed in this thesis, some
clues have been provided by the literature on territorial servitization (Bellandi and Santini
2019; Lafuente, Vaillant, and Vendrell-Herrero 2019; Horvath and Rabetino 2019; Sforzi and
Boix 2019; Vaillant et al. 2021; De Propris and Storai 2019). These studies examine the shift to-
wards digital product-service configurations and focus mainly on the self-reinforcing relation-
ship between KIBS and local manufacturing companies. They also point out that among KIBS,
technological KIBS (t-KIBS) are the ones that can effectively support the transition to Industry
4.0 of local manufacturing sectors (Vaillant et al. 2021). T-KIBS indeed include firms specializing
in information and communication technologies which are at the heart of the 4.0 paradigm (Laffi
and Boschma 2022; Laffi and Lenzi 2021).

Nonetheless, technology-oriented KIBS (t-KIBS) that provide ICT-related services are far
from being a homogeneous category. The realm of ICT services, in fact, includes a wide range of
activities, including software development, IT consultancy, programming activities, and service
provision. These activities give rise to various innovation patterns (Corrocher, Cusmano, and
Morrison 2009; Barrett et al. 2015; Cabigiosu and Campagnolo 2019) that extend beyond tradi-
tional co-creation processes, typically emphasized by KIBS literature. As a result, t-KIBS organi-
zations carry out multiple activities and fulfil different functions within the innovation land-
scape. The literature, however, provides little evidence of their behaviour in the 4.0 scenario, as
it mainly refers to the earlier ICT waves (Davies, Brady, and Hobday 2007; Rajala and Wester-
lund 2007; Weterings and Boschma 2009). Nevertheless, the latest technological wave has
brought about profound transformations in the IT service sector. Traditional company catego-
ries, including hardware, infrastructure, software, internet, IT services, and telecommunications,
have become increasingly blurred (Acker, Grone, and Schréder 2016). New global tech firms

have risen, compelling traditional incumbents (e.g., traditional vendors such as SAP or Oracle) to
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update their strategies and their business models in response to the new Al and cloud-based dig-
ital platform paradigm (Nieuwenhuis, Ehrenhard, and Prause 2018; Schneckenberg et al. 2021;
Simsek et al. 2022; Magistretti, Dell’Era, and Messeni Petruzzelli 2019; Olsson and Bosch 2020).
Technology multinationals are expanding their corporate ecosystem, often through the collec-
tion and the absorption of knowledge generated by other organizations, including new high-tech
startups or universities (Rikap and Lundvall 2020; Feldman, Guy, and lammarino 2021; Lundvall
and Rikap 2022).

The difference from the previous IT wave does not revolve only around the organizations
involved. Also from a knowledge perspective, the provision 4.0 technologies demands new com-
petencies that go beyond simply developing expertise in cutting-edge IT capabilities. 4.0 tech-
nologies indeed unleash their potential when recombined with traditional, non-digital, technol-
ogies. However, the extent to which t-KIBS are effectively dealing with these challenges and how
these new technologies are transforming the competence and skill structures of these organiza-
tions remains unclear.

In view of the peculiarities of the 4.0 innovation scenario and the transformation taking
place in the system of production of 4.0 technologies, the empirical analysis of this chapter fo-
cuses on the innovation behaviours of the Italian firms involved in the production and provision
of 4.0 technologies and related services. The following sections explore the specifics of the 4.0 t-
KIBS and the differences between 4.0 t-KIBS and other t-KIBS that provide other ICT technolo-

gies and services.

2. Data and Methodology
The research design encompasses two distinctive empirical analyses, both primarily rely on data
coming from an original survey conducted in December 2022. The survey was conducted among
a sample of 500 Italian t-KIBS engaged in ICT activities related to computer programming and
consulting activities classified under NACE Code 62. The sample includes 259 4.0 t-KIBS and 241
non-4.0 t-KIBS.

The identification of 4.0 and non-4.0 t-KIBS was achieved by utilizing the database de-
scribed in Chapter 2 of this thesis. The database was created by performing a keyword search in
the ATOKA database developed by SpazioDati. To obtain contact information for the firms, this
database was cross-checked with an external one, resulting in the retrieval of telephone num-
bers of 3,536 firms.

From this population, a sample of 259 4-0 t-KIBS and 241 non-4.0-KIBS was drawn. The
sample was proportionally stratified by firm size and firms were randomly selected from each
stratum. The data collection was conducted through structured phone interviews using CATI
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methods (computer-aided telephone interviews) carried out by a specialized agency. Each inter-
view lasted approximately 10-15 minutes and involved a representative from the sales office of
the respective firm.

The survey aimed to gather information on the general and innovation activities carried
out by the t-KIBS, which could not be obtained from other data sources. In particular, during the
interviews were retrieved information about the enterprises’ activities, the geographical scope
of these activities, the educational background of employees, the innovation activities undertak-
en, the outputs and sources of these activities and the sectors in which the clients operate. This
information was then supplemented with data collected from traditional data sources and web
data retrieved from firms’ websites. More details about these data collection processes can be
found in Chapter 2 of this thesis.

To complement the information gathered through the survey, a series of semi-structured
interviews with 10 firms was conducted. The interviews were mostly conducted in Autumn
2022. Given the difficulty in contacting companies, the sample was built using a convenience
sampling technique (Taherdoost 2016). It follows that results should not be considered repre-
sentative of the entire population. Table 1, at the end of this section, reports the list of the firms
interviewed (the names of the firms cannot be disclosed due to data protection reasons).

The blending of qualitative and quantitative research methods, known as “triangulation”
(Jick 1979), was employed to provide a nuanced and more comprehensive interpretation of the
data collected through the survey. On the one hand, the interviews conducted in this study pro-
vided a valuable opportunity to delve into the perspectives, specific dynamics and challenges
faced by 4.0 t-KIBS in greater depth. On the other hand, quantitative methods allowed for the
generalization of the findings to a larger population. This approach proved particularly valuable
given the exploratory nature of the analysis conducted.

The empirical analysis is divided into two parts. In the first part, presented in Section 4.1,
the characteristics of the 4.0 t-KIBS are examined. The findings are complemented by insights
from the conducted interviews. In the second part (Section 4.2), the focus shifts to the differ-
ences between t-KIBS involved in the production and/or provision of 4.0 technologies and those
that are not. This analysis aims to explore any distinct characteristics or patterns that may exist
between these two groups of firms. Before the presentation of the empirical analyses and their
main findings, in the next section, some descriptive statistics of the survey are provided. These

statistics offer an overview of the data collected and provide context for the subsequent analysis.
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Table 1: Profiles of the firms interviewed

# Size Academic Geographical Technologies Sectoral Established
spin-off Scope Application (year)
Firm 1 250+ No International Multi-Tech Multi-sectoral 1980
Firm 2 50-49 No National Multi-Tech Multi-sectoral 1981
Firm 3 250+ No International Telco Multi-sectoral 2002
Firm4  10-49  No National Data Platform Industry- 2012
specific
Firm 5 2-9 Yes International loT f.o.r urban Indu#ry- 2015
mobility specific
Firm 6 2-9 No International Smart Advertise- Indu.st_ry- 2015
ment specific
Mobile Monetiza- Industry-
Firm7  10-49 No National tion usty 2016
specific
Platform
Firm8  2-9 No National Digital Marketing ~ dusty- 2015
specific
Firm9  10-49  Yes National Software Multi-sectoral 2013
development
Firm 10-49 Yes National loT/ Big Data/. Multi-sectoral 2014
10 Cloud Computing

3. Survey Results: Descriptive Statistics

The survey consists of a small set of questions. Below, are presented the topic covered and the

main descriptive statistics for both 4.0 t-KIBS and non-4.0 t-KIBS.

First, in terms of activities performed, the firms were asked to indicate whether they per-

form the following activities and, if so, at which geographical level (provincial, regional, national

or international):

a)
b)

<)

Technology Development;

Customized Intermediation;

Non-customized Intermediation;

d) IT service provision;
e) Consultancy activities;
f) Training activities;

g) Diffusion activities.
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In Table 2, the percentage of 4.0 t-KIBS and non-4.0 t-KIBS that reported performing
those activities are presented. Firms were allowed to provide multiple answers, and for each ac-
tivity performed, they indicated the corresponding geographical scope (N/A indicates that the

firm declared not to engage in that particular activity).

Table 2: Activities performed by firms and their geographical scope

(@) (b) () (d) (e) ) (8)

NO NO NO NO NO NO NO
4.0 4.0 +0 4.0 +0 4.0 +0 4.0 +0 4.0 +0 4.0 +0 4.0

International | 0.10 | 0.08 | 0.11 | 0.08 | 0.07 | 0.07 | 0.14 | 0.11 | 0.10 | 0.07 | 0.11 | 0.07 | 0.08 | 0.08

National 0.64 | 0.50 | 0.56 | 0.47 | 0.46 | 0.34 | 0.60 | 0.49 | 0.63 | 0.50 | 0.55 | 0.46 | 0.54 | 0.44

Regional 0.19 | 0.32 | 0.17 | 0.27 | 0.13 | 0.22 | 0.18 | 0.29 | 0.19 | 0.29 | 0.17 | 0.26 | 0.15 | 0.24

Provincial 0.04 | 0.07 | 0.03 | 0.04 | 0.04 | 0.06 | 0.03 | 0.05 | 0.03 | 0.05 | 0.04 | 0.05 | 0.04 | 0.06

N/A 0.03 | 0.03 | 0.14 | 0.15 | 0.30 | 0.32 | 0.05 | 0.06 | 0.05 | 0.09 | 0.14 | 0.16 | 0.18 | 0.18

The second question pertained to the educational background of the firm’s employees.
Respondents were asked to indicate the percentage of workers employed in each of the follow-
ing categories: (a) employees with a high school diploma, b) employees with a bachelor’s or
master’s in STEM disciplines (Science, Technology, Engineering, and Mathematics) and c) em-
ployees with a bachelor’s or master’s in disciplines other than STEM). The results are reported

in Table 3.

Table 3: Educational background of firms’ employees

4.0 t-KIBS NO 4.0 t-KIBS
mean std dev. mean std dev.
Diploma holder 32.598 28.430 37.531 29.166
STEM bachelor or master 53.695 25.114 52.967 26.568
Non-STEM bachelor or master 13.707 20.134 9.502 16.456

Regarding innovation activities, firms were surveyed about their primary sources of in-
novation and their main innovation outcomes. In terms of collaborations, they were given the
option to select up to three choices from the following: 1) R&D Laboratory; 2) Employees; 3)

Other firms belonging to the same business group; 4) Clients; 5) Suppliers: 6) Universities and
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Research Centers; 7) Technological Transfer Centers or Laboratory; 8) Conferences and Trade
Fairs; 9) Internet; 10) Investors; 11) Other service firms. Figure 1 reports the results.

Regarding the innovation outputs, firms were asked to choose among the following op-
tions: 1) Software and algorithms protected by patents; 2) Software and algorithms protected by
copyrights; 3) Service Innovation; 4) Complex solutions to meet customer needs; 5) Product In-
novation developed in collaboration with their clients; 6) Process Innovation developed in col-
laboration with their clients. Firms were permitted to select multiple options. The results are
reported in Figure 2.

Finally, information was requested about the industries to which their clients belong,

Once again, firms were able to indicate multiple options. The results are displayed in Figure 3.

Sources of Innovation

o
N
o
oy
o

60 80 100 120 140 160 180 200
R&D internal Laboratory

Firm's employees

Other firms of the same business group
Clients

Suppliers

Universities and Research Centres
Technology Transfer Office

Conference and Trade Fair

Internet

Investors

Other Service Firms

Other

:: o .l o II II “ II ‘| II
o
]
Z
@)
>
o

Figure 1: Sources of Innovation
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Innovation outputs
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4. Empirical Analysis

4.1 Unravelling 4.0 t-KIBS
The objective of this section is to explore the heterogeneity among firms labelled as 4.0 t-KIBS.
To achieve this, a probit approach was adopted to examine the differences between 4.0 t-KIBS
whose activities are mainly regional and 4.0 t-KIBS which operates mainly nationally and inter-
nationally. Furthermore, the focus was placed on the innovation output of these firms. A multi-
nomial probit model was used to determine whether and to what extent the 4.0 t-KIBS differ ac-
cording to the combination of outputs they produce. The aim was to capture and analyse the var-
iations among these firms in terms of their innovation outcomes.

Before presenting the results of the estimations, Table 4 displays the summary statistics
and describes the variables adopted. In some cases, the responses were regrouped to create mu-
tually exclusive categorical variables such as INNO_OUTPUT and SECTOR. Additionally, some an-
swers were aggregated into broader categories to facilitate data analysis (e.g., COLL_EXT or
CUST_INNO). This data pre-processing allowed for a more streamlined and meaningful analysis

of the variables.
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Table 4: Summary statistics

Variable Description Mean gte(:/ Min | Max

REG_ACT Dummy variable = 1 if the firm 236 425 0 1
operates mainly regionally, and =
0 if it is mainly nationally or in-
ternationally

AGE Continuous variable 20.815 9.479 3 49

EMP_CLASS Categorical variable: 2.405 .683 1 3

EMP_CLASS0-1 =1 if the firm has only 1 employ- 112 316 0 1
ee and = 0 otherwise

EMP_CLASS 2-9 = 1 if the firm has a number of 371 484 0 1
employees between 2 and 9 and =
0 otherwise

EMP_CLASS 10 + = 1 if the firm has more than 10 517 501 0 1
employees and = 0 otherwise

INNO_OUTPUT Categorical variable. It describes
the main innovation output of the
company. It consists of four mu-
tually exclusive categories:
MULTIPLE (base- | = 1 if the firm produces various 448 498 0 1
line) innovation outputs and = 0 oth-
erwise
SOFTWARE = 1 if the firm’s output consists 22 415 0 1
only of software (patented or
protected by copyrights) and = 0
otherwise
SERVICE_INNO =1 if the firm’s output consists 17 376 0 1
only of service innovation and = 0
otherwise
CUST_INNO = 1 if the firm’s output requires a 162 .369 0 1
strong interaction with the client.
It includes both customized solu-
tions and co-innovations (process
and product co-innovation) and =
0 otherwise

INT_INNO Dummy variable = 1 if the firm .753 432 0 1
innovates mainly using internal
resources (internal R&D, firm’s
employees, and other companies
in the same business group) and
= 0 otherwise

COLL_CUST Dummy variable = 1 if the firm .39 489 0 1
innovates by collaborating with
its customers and = 0 otherwise
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COLL_UNI

Dummy variable = 1 if the firm
innovates by collaborating with
universities and technology
transfer organizations and = 0
otherwise

131

.338

COLL_EXT

Dummy variable = 1 if the firm
innovates by collaborating with
other external partners (suppli-
ers, conferences and trade fairs,
internet, and other service firms)
and = 0 otherwise

22

415

SECTOR

MULTIPLE (baseline)

MFG.

SERV_TRAD

PUB_ADM

Categorical variable. It consists of
four mutually exclusive catego-
ries:

= 1 if the firm’s customers oper-
ate in multiple sectors and = 0
otherwise

= 1 if the firm’s customers oper-
ate only in the manufacturing
sectors and = 0 otherwise

=1 if the firm’s customers oper-
ate only in the service or trade
sectors and = 0 otherwise

=1 if the firm’s customers are on-
ly public administrations and = 0
otherwise

363

147

436

.054

482

.355

497

227

NUM_TECH

Continuous variable. It counts the
number of technologies supplied
by the firm

2.035

1.108

NO_STEM

DIPLOMA

Continuous variable. It repre-
sents the percentage of employ-
ees within the company who do
not hold a university degree in a
STEM field

Continuous variable. It indicates
the percentage of employees
within the company who do not
possess a bachelor's or master's
degree

13.707

32.598

20.134

28.430

0| 100

0| 100
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4.1.1 Regional Scope
First, an examination was conducted to assess the differences between 4.0 t-KIBS that operate
mainly locally and regionally and those that operate at a broader spatial scale. The independent
variable (REG) is a binary. It is equal to 1 if the firm operates mainly at the regional level, and 0 if
it operates nationally or internationally. A firm is classified as primarily regional when the ma-
jority of its activities are conducted at this spatial level. The survey collected information on the
spatial scale at which each activity is carried out (see Table 2 for more details).

Formally, the model can be formalized as follows:

Pr(REG =1); = a + B,AGE; + B,EMP_CLASS; + BsINNO_OUTPUT; + B, INT_COLL;
+ BsCOLL_CUST; + BsCOLL_UNI; + B,COLL_EXT; + BgNUM_TECH,
+ BoSECTOR; + B,oNO_STEM; + B, DIPLOMA; + &

Controlling for the size and age of the firms, the analysis revealed four main significant
differences (as shown in Table 5). Firstly, in terms of innovation output, 4.0 t-KIBS that restrict
their activities to the regional scale are less likely to deliver customized solutions and engage in
co-innovations with their clients. This suggests that these firms do not capitalize on the ad-
vantages associated with geographical proximity, which, according to KIBS literature, implies
close contacts, favours tacit knowledge exchanges with clients and thus affects the capacity of
service firms to deliver tailor-made services (Muller and Zenker 2001a; Bettencourt et al. 2002).
This finding is also supported by the non-significance of the coefficient of COLL_CUST, indicating
that, for 4.0 t-KIBS operating primarily at the regional level, clients are not a more important
source of innovation, compared to 4.0 t-KIBS that operate nationally or internationally.

So, if not the clients, what are the factors that characterize the regional anchoring of
these firms? When examining the sectors targeted by 4.0 t-KIBS that operate at the regional lev-
el, the model shows that they are more likely to provide services to public administrations. In-
terestingly, the relationship between local public administrations and service providers also
came up in one of the interviews conducted (Firm 4 in Table 1). The interviewed firm has devel-
oped a proprietary data platform and exclusively provides its services to public administrations,
mainly regional, but also extra-regional. When discussing the dynamics between small compa-

nies and large tech companies in serving public administrations, the respondent declared:

“In Italy, this market (technological services for PA) is dominated by a dozen large com-
panies [...] Sometimes they let you sit at their table [...] Big players do not choose you because

you are the best but mainly because of the price. Also, the personal relationships with these

126



Chapter 3

companies affect their choices [...] However, if a small tech company has a good relationship
with the end user (public administration) you can get away from this price-logic [...] The user

(public administration) often requires the big player to include his supplier in the project”.

It follows that geographical and social proximity can facilitate the establishment of col-
laborations between local public administrations and service providers thereby enhancing busi-
ness opportunities for the service providers.

Other differences pertain to the type of collaborations undertaken by 4.0 t-KIBS that op-
erate regionally and the composition of their workforce. The negative and significant coefficient
of the variable COLL_UNI, along with the positive and significant coefficient of the variable DI-
PLOMA reveal that these firms are less likely to collaborate with universities while being more
inclined to hire workers who have attained a high school diploma as their maximum level of ed-
ucation. These findings may suggest a lower technological innovativeness of these firms com-
pared to those that prioritize collaborations with universities and seek employees with higher
educational backgrounds. Additionally, these findings may also indicate a potential lack of quali-
fied internal resources dedicated to commercial and networking activities. As a result, this limi-
tation hampers their ability to expand beyond regional boundaries and engage in collaborations
with universities. The lack of qualified personnel and limited networking capabilities can further
restrict their growth potential and hinder their ability to innovate and exchange knowledge with

academic institutions.
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TABLE 5: Probit Model Estimation Results

Average Marginal

Coefficients Effects
AGE -0.004 -0.001
(0.010) (0.003)
EMP_CLASS (baseline = EMP_CLASS 0-1)
EMP_CLASS 2-9 -0.167 -0.044
(0.290) (0.077)
EMP_CLASS 10+ -0.112 -0.030
(0.282) (0.076)
INNO_OUTPUT (baseline = multiple output)
SOFTWARE 0.313 0.090
(0.241) (0.070)
SERVICE_INNO 0.016 0.004
(0.262) (0.070)
CUST_INNO -0.508* -0.112*
(0.295) (0.060)
INT_INNO 0.0335 0.009
(0.284) (0.072)
COLL_CUST 0.0346 0.009
(0.243) (0.062)
COLL_UNI -0.521* -0.117**
(0.279) (0.055)
COLL_EXT 0.0838 0.022
(0.255) (0.067)
SECTOR (baseline = multiple sectors)
MFG. 0.178 0.042
(0.328) (0.080)
SERV_TRADE 0.352 0.090
(0.219) (0.054)
PUB_ADM 0.855** 0.244*
(0.403) (0.129)
NUM_TECH -0.103 -0.026
(0.090) (0.023)
NO_STEM -0.005 -0.001
(0.006) (0.002)
DIPLOMA 0.015%** 0.004***
(0.004) (0.001)
Constant -1.048** -
(0.508) -
N. Obs. 259
Wald chi2 44.96***
Prob > chi2 0.000
Pseudo r-squared 0.166
Log pseudolikelihood -117.920

All standard errors are robust standard errors.
* p<0.1, ** p<0.05, *** p<0.01
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4.1.2 Innovation Outputs

The second part of the analysis aims to investigate potential differences among 4.0 t-
KIBS based on the specific innovation output they generate. To achieve this, a multinomial probit
approach was employed to estimate the probability of different and mutually exclusive combina-
tions of innovation outputs being produced by these firms. Table 6 provides a comprehensive

overview and description of the various output profiles.

TABLE 6: Output Profiles

Variable Description Mean gz’ Min | Max

Dummy variable = 1 if the main
Software development | innovation output of the firm is 22 415 0 1
software, and = 0 otherwise
Dummy variable = 1 if the main
innovation output of the firm
consists of software development
Software development | in combination with other inno-
& other activities vation outputs such as custom-
ized innovations and service in-
novation (or both), and = 0 oth-

239 428 0 1

erwise

Dummy variable = 1 if the main
Qustomlzed Innova- 1nnovat.10n qutput of the firm is 208 407 0 1
tions customized innovation, and = 0

otherwise

Dummy variable = 1 if the main
Service Innovation innovation output of the firm is 17 376 0 1

innovations, and = 0 otherwise

Dummy variable = 1 if the main

Service Innovation & innovation outputs of a firm are
Customized Innova- both service innovation and cus- 162 .369 0 1
tions tomized innovations, and = 0 oth-

erwise

In the multinomial specification, the dependent variable (OUT_PROF) is therefore a cate-

gorical variable that can take five distinct values. The equation can be formalized as follows:

PR(OUT_PROF = j);
= a+ BLAGE; + B,EMP_CLASS; + BsREG_ACT; + B4 INT_COLL;
+ BsCOLL_CUST; + BsCOLL_UNI; + B,COLL_EXT; + BgNUM_TECH,
+ BoNO_STEM; + B1oSECTOR; +
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The explanatory variables (see the description in Table 4) remain the same as in the pre-
vious probit model, with one exception. The variable DIPLOMA is excluded from this model due
to convergence issues.

The baseline profile comprises those firms whose primary innovation output solely in-
volves software development, regardless of whether it is protected by patents or copyrights.
This profile was chosen because it represents a well-defined and recognizable category, facilitat-
ing comparisons with other profiles. The results of the estimation are presented in Table 7. The
coefficients reported in each column indicate whether the propensity to produce the innovation
output indicated in the column heading is higher or lower compared to the reference innovation
output when the variable changes. Average marginal effects are reported in Table 8.

Looking at the category of firms that declared to produce software in combination with
other activities (customized innovations, service innovation or both), the model shows that it
differs from the baseline in four ways: i) these firms are more likely to collaborate with the uni-
versity, ii) are less likely to perform their activities only at the regional level, iii) are slightly
more likely to manage a higher number of technologies and iv) less likely to hire employees with
a non-STEM degree. It seems, then, that when software development is combined with client-
driven activities, firms tend to extend their geographical scope beyond regional boundaries.
Moreover, they are more likely to manage a higher number of technologies and collaborate with
universities. All of this evidence suggests that this type of firm has a broader range of skills and
competencies that enable it to expand its range of activities. The negative coefficient of the vari-
able NO_STEM is unexpected since one could assume that, to expand their commercial network
and to better understand clients’ processes, firms required also non-technical skills such as
managerial ones.

Within the sample of interviewed firms, Firm 1 fits this profile well. This company is one
the largest Italian system integrators and operates at national and international levels. Its activi-
ties encompass both software development (including patents) and customized innovation. To
carry out its activities, it has to manage and broker a high number of technologies, developed by
other companies or internally developed. Collaboration with universities is also quite intense, as
the firm is involved in many cutting-edge European projects, and is actively engaged in the de-
velopment of emerging technologies.

Moving to the next category, i.e., firms whose innovation output is represented only by
customized innovation, several differences from the baseline can be observed. First, their inno-
vation process relies less often on internal sources (employees, other firms of the same business

group or internal R&D laboratories). This is consistent with the fact that the activities of these
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firms are customer-centric. In terms of sectors, these firms are more likely to provide their ser-
vice only to manufacturing firms and less likely to work only for public administrations. In line
with the probit model (Table 5), their regional scope goes beyond the regional boundaries. Final-
ly, they are more likely to manage a higher number of technologies. These findings fit with the
business profile of two of the firms interviewed. Both firms specialized in the development of
complex customized solutions and confirmed that while geographical proximity was relevant in
the early stage of their activities, the advanced nature of the services offered required them to
search for business opportunities outside the regional boundaries.

Finally, the interpretation of the last two categories is somewhat difficult, mainly because
of the small number of significant variables. Looking at the firms whose main output is service
innovation only two differences emerge: first, they are more likely to collaborate with universi-
ties and second, they are less likely to hire employees who do not have a STEM background. The
former evidence might suggest that firms collaborate with universities for reasons that go be-
yond the integration of formalized knowledge, as suggested by Lee and Miozzo (2019).

Finally, the category of firms whose main innovation outputs are both service innovation
and customized innovations does not show any particular differences from the baseline, except
for the fact that they are less likely to engage with firms that are only active in the service or
trade sectors. This could reflect the fact that this is a residual category that lacks its characterisa-

tion.
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TABLE 7: Multinomial Probit Estimation Results

Software de- Customized Service Inno- Service Inno-
velopment & Innovation vation vation & Cus-
other activi- tomized Inno-
ties vation
AGE -0.001 0.002 -0.01 -0.003
(0.014) (0.015) (0.015) (0.015)
EMP_CLASS (baseline = EMP_CLASS 0 -1)
EMP_CLASS 2-9 -0.399 0.207 -0.179 -0.221
(0.442) (0.471) (0.491) (0.488)
EMP_CLASS 10+ -0.588 -0.117 -0.488 -0.499
(0.426) (0.462) (0.472) (0.487)
INT_INNO -0.470 -0.965** -0.375 -0.458
(0.402) (0.401) (0.410) (0.399)
COLL_CUST 0.036 0.100 0.020 0.140
(0.328) (0.342) (0.335) (0.347)
COLL_UNI 0.818* 0.294 0.814* 0.659
(0.433) (0.489) (0.470) (0.480)
COLL_EXT -0.105 0.237 0.159 -0.245
(0.365) (0.369) (0.390) (0.367)
SECTOR (baseline = multiple sectors)
MFG. -0.093 1.323%** 0.270 -0.193
(0.471) (0.443) (0.487) (0.464)
SERV_TRADE -0.103 0.677* 0.164 -0.760**
(0.318) (0.346) (0.336) (0.331)
PUB_ADM 0.763 -9.265*** 0.829 -0.071
(0.619) (0.638) (0.686) (0.699)
REG_ACT -0.622%* -1.033*** -0.153 -0.124
(0.317) (0.350) (0.316) (0.342)
NUM_TECH 0.244* 0.244* -0.103 0.110
(0.129) (0.148) (0.163) (0.134)
NO STEM -0.013* -0.00307 -0.023*** -0.005
(0.007) (0.007) (0.009) (0.007)
Constant 0.685 -0.307 0.837 0.704
(0.764) (0.800) (0.736) (0.769)
N 259.00
chi2 3,968.16***
Prob > chi2 0.000
Log pseudolikeli- -369.751
hood

Standard errors in parentheses

All standard errors are robust standard errors.

*p<0.1, ** p<0.05, *** p<0.01
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TABLE 8: Average Marginal Effects of the Multinomial Probit Regression

Software Software &  Customized Service In- Service In-
develop- other activi- Innovation novation novation &
ment ties Customized
Innovation
AGE 0.001 0.003 0.001 -0.002 -0.000
(0.002) (0.003) (0.00) (0.002) (0.002)
EMP_CLASS (baseline = EMP_CLASS 0 -1)
EMP_CLASS 2-9 0.035 -0.088 0.080 -0.008 -0.018
(0.070) (0.094) (0.07) (0.082) (0.082)
EMP_CLASS 10+ 0.096 -0.081 0.051 -0.032 -0.035
(0.070) (0.092) (0.063) (0.078) (0.083)
INT_INNO 0.119** 0.001 -0.138* 0.019 -0.001
(0.060) (0.073) (0.072) (0.058) (0.057)
COLL_CUST -0.016 -0.007 0.011 -0.008 0.020
(0.060) (0.061) (0.053) (0.050) (0.054)
COLL_UNI -0.128** 0.092 -0.059 0.068 0.0263
(0.060) (0.0812) (0.062) (0.074) (0.075)
COLL_EXT -0.003 -0.036 0.05 0.036 -0.053
(0.065) (0.066) (0.061) (0.066) (0.049)
SECTOR (baseline = multiple sectors)
MFG. -0.065 -0.105 0.294*** 0.006 -0.127*
(0.074) (0.076) (0.080) (0.065) (0.073)
SERV_TRADE 0.007 -0.031 0.159%** 0.044 -0.179%**
(0.060) (0.063) (0.050) (0.051) (0.054)
PUB_ADM -0.084 0.176 -0.103*** 0.128 -0.117
(0.100) (0.142) (0.032) (0.127) (0.111)
REG_ACT 0.111* -0.080 -0.139%** -0.139%** 0.056
(0.064) (0.056) (0.045) (0.0448) (0.060)
NUM_TECH -0.029 0.044* 0.033 -0.0482%* 0.001
(0.025) (0.023) (0.025) (0.0264) (0.018)
NO_STEM 0.002** -0.001 0.001 -0.003** 0.001
(0.001) (0.002) (0.001) (0.00145) (0.001)

Standard errors in parentheses
* p<0.1, ** p<0.05, *** p<0.01
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4.2 4.0 t-KIBS vs non 4.0 t-KIBS
After examining the peculiarities of 4.0 t-KIBS, this part of the analysis shifts its focus to explor-
ing whether and to what extent they differ from non-4.0 t-KIBS. To this end, matched samples
were compared (Sudman 1976; P. H. Rossi, Wright, and Anderson 2013). This approach allows
to performing comparisons of all-conditions-but-one being equal in a semi-parametric form, that
is, without resorting to regressions subject to the risk of misspecification and to model, once at a
time, the following variables: 1) the activities performed by the firm; 2) the local scope of these
activities; 3) the employees’ education level, 4) the type of collaboration in which the firm is en-
gaged; 5) the regional scope of the collaborations; 6) the output of the innovation process; 7) the
clients’ sectors.

The intuition is to form groups of objects (t-KIBS) that are similar in all the relevant
characteristics, except that one group is involved in the production and provision of 4.0 technol-
ogies, and the other is not. After forming two groups of similar observations, the variable of in-
terest in the two groups is compared. The basic ideas of matched samples adopted here have
been further developed in a causal framework (Imbens and Rubin 2015) which goes back to
matching methods for estimating average causal effects. However, since causal claims are not
fully relevant to the objective of this study, it is unnecessary to place this discussion within the
potential outcomes framework for causal inference and address the associated identification is-
sues.

Without making any claims about causal inferences, were compared, all things being
equal a) 4.0 t-KIBS and b) non-4.0 t-KIBS. Because the characteristics of interest are numerous,
they were synthesized using a measure of distance—the propensity score—which takes into ac-
count the differences between the two groups across multiple dimensions (Rosenbaum and Ru-
bin 1983; Dehejia and Wahba 2002). The propensity score, i.e., the probability that a firm offers
4.0 technologies (case a) or does not offer them (case b), was calculated as a function of the fol-
lowing covariates: being an innovative startup, being a spinoff, export behaviour, ATECO code
and firm size.

The nearest neighbour algorithm was employed for matching (Becker and Ichino 2002;
Caliendo and Kopeinig 2008). For each 4.0 t-KIBS, three matches were selected, based on their
propensity score. It means that for each 4.0 t-KIBS, the three most similar non-4.0 t-KIBS, the
closest in terms of the propensity score, were identified. Once the matches were obtained, the
average value of the variable of interests for the set of interests (4.0 t-KIBS) was calculated and
compared to the average value of the comparison set (non-4.0 t-KIBS). The results of these com-

parisons are reported in the following tables. For each variable being compared, the coefficients
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and the standard errors are reported. The coefficients, also known as the average treatment ef-
fect, represent the mean difference between the two groups for the respective variable being an-
alyzed.

The first comparison focused on the types of activities performed by the two groups and
the regional scope of these activities (aka a firm conducts a certain activity at the regional level).
The results, presented in Table 9, show that 4.0 t-KIBS are more likely to be involved in activities
such as Technology development, Intermediation (both customized and non-customized), Train-
ing and Diffusion. Additionally, it was found that the geographical scope of their activities is less
likely to be regional compared to those of non-4.0 t-KIBS. This could be a compelling conse-
quence of the low average degree of digitalization of the Italian companies (Chiarvesio and
Romanello 2018; Truant, Broccardo, and Dana 2021) which forces 4.0 t-KIBS to look for new
business opportunities away from their headquarters. It is worth noting that to mention that all

the 4.0 t-KIBS interviewed said they operate at the national level and sometimes internationally.

Table 9: Difference in means by activities performed

General Regional scope
Activities
Coeff SE Coeft SE

Technology development 0.031* 0.016 -0.115%** 0.043
Customized Intermediation 0.068** 0.033 -0.010** 0.041
Non-customized Interme- | ¢ 4 g g 0.043 -0.071* 0.040
diation

IT service provision 0.026 0.021 -0.123 %%+ 0.042
Consultancy activities 0.034 0.023 -0.124%%* 0.042
Training 0.114%** 0.034 -0.088** 0.041
Diffusion activities 0.153%** 0.036 -0.107%** 0.041

* p<0.1, ** p<0.05, *** p<0.01

The second comparison focuses on the differences in terms of employees’ education lev-
els. The results, presented in Table 10, indicate that 4.0 t-KIBS are less likely to hire workers
with a high school Diploma, with a difference of -4.483 percentage points, and more likely to hire
employees that hold a non-STEM bachelor's or master's degree (+4.757 percentage points). This
evidence can be explained by the fact that 4.0 t-KIBS require highly skilled employees to develop

or offer 4.0 technologies, as indicated by the negative coefficient associated with a “High School
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Diploma”. Additionally, they also require non-technical competencies, such as managerial skills,

to expand their commercial network and to better understand clients’ processes.

Table 10: Difference in means by employees’ education level

Employees’ education level Coeff SE

High School Diploma -4.483* 2.618
Bachelor's or master’s degree in STEM subjects -0.274 2.373
Bachelor’s or master’s degree in non-STEM subjects 4.757%*** 1.688

*p<0.1, ** p<0.05, *** p<0.01

Regarding collaborations, the comparison analysis revealed two significant differences.
Firstly, as indicated in Table 11 4.0 t-KIBS are more likely to collaborate with other firms belong-
ing to the same business group. This finding is consistent with existing evidence discussed in
economic literature, which emphasizes the strong influence of corporate innovation systems on
the development and the diffusion of new digital technologies (Rikap and Lundvall 2020; Feld-
man, Guy, and lammarino 2021). While this debate primarily focuses on large US companies,
which fall outside the scope of this study, it is worth noting that similar vertical integration pro-
cesses may also be observed in non-leading countries like Italy. This could be due to increasing
competition in the ICT sector but also the necessity to manage a wide set of technologies and a
wide range of competencies, often acquired through firm acquisitions, as evidenced in the inter-
views performed.

Regarding the regional scope, the negative and significant coefficient of “Employees” re-
inforces the previous findings, suggesting that 4.0 t-KIBS tend to have subsidiaries located be-
yond regional boundaries.

Lastly, no substantial differences have emerged from the comparison of the innovation
outputs as shown in Table 12. However, in terms of the sector to which their clients belong, 4.0
t-KIBS are more likely to produce technologies and provide services to manufacturing firms as
indicated in Table 13. This finding may reflect the higher demand for these technologies by

manufacturing firms.
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Table 11: Difference in means of collaboration

General Regional scope

Type of collaboration

Coeff SE Coeff SE
R&D Laboratory 0.014 0.030 0.019 0.022
Employees -0.005 0.043 -0.135%** 0.040
Other firms in the group 0.073** 0.033 -0.013 0.012
Clients 0.028 0.044 -0.029 0.020
Suppliers -0.024 0.035 -0.002 0.011
Universities and Research 0.003 0.028 0.005 0.005
Centers
Technological Transfer 0.011 0.014 0.003 0.003
Centers or Laboratory
Copferences and Trade 0.003 0.008 0 0
Fairs
Internet 0.006 0.019 0.008 0.005
Investors 0.003 0.003 0 ()
Other service firms -0.007 0.016 0 ()

*p<0.1, ** p<0.05, *** p<0.01

Table 12: Difference in means by Innovation Output

Output Coeff SE

Software and algorithms protected by patents -0.007 0.039
Software and algorithms protected by copyrights -0.028 0.046
Service Innovation 0.000 0.046
Complex solutions to satisfy customer needs 0.067 0.044
Product Innovation co-developed with their clients 0.042 0.032
Process Innovation co-developed with their clients 0.037 0.030

*p<0.1, ** p<0.05, *** p<0.01
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Table 13: Difference in means by clients’ sectors

Client’s sector Coeff SE

Agriculture 0.003 0.003
Manufacturing 0.069** 0.035
Trade 0.059 0.041
Services -0.053 0.047
Energy, gas and water production 0.017 0.014
Construction -0.020 0.019
Public Administration -0.020 0.039
Other -0.010 -0.019

*p<0.1, ** p<0.05, *** p<0.01

5. Discussion
In this section, the results of the empirical analysis carried out are discussed in a comprehensive
manner, with a specific focus on the new and valuable insights it offers. Both the survey and
conducted interviews depict 4.0 t-KIBS as innovative companies that perform their activities on
a geographical scope that goes beyond the regional one. This implies that these firms extend
their operations and presence beyond their headquarters, likely driven by the need to access a
broader market. Surprisingly, this holds true, especially for those t-KIBS that engage in co-
innovations with their customers. This finding challenges the prevailing premise in KIBS litera-
ture which strongly emphasizes the role of geographical proximity between service firms and
clients (Muller and Zenker 2001b) especially for firms that carry out an interactive form of inno-
vations (Corrocher, Cusmano, and Morrison 2009). This evidence has been supported also by re-
cent studies on territorial servitization (Opazo-Basaez, Narvaiza Cantin, and Campos 2020). On
the contrary, it appears that permanent geographical proximity and continuous face-to-face in-
teractions are not fundamental in the process of co-producing innovations with customers (Den
Hertog 2000). This is not to diminish completely the relevance of geographical proximity, which
still holds some relevance. Based on the conducted interviews, it is evident that geographical
proximity still matters for newly established KIBS as it facilitates the development of trustwor-
thy client-supplier relationships, in the absence of established reputation. Additionally, as sug-
gested by existing literature, 4.0 t-KIBS may overcome the lack of geographical proximity by lev-

eraging what Torre referred to as “temporary spatial proximity” (Torre 2008). While ICTs facili-
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tate constant long-distance relationships, trips and on-site visits can support the transfer and
the exchange of specific types of knowledge, and the development of interpersonal trust (Growe
2019). Finally, for a specific subset of 4.0 t-KIBS who target specifically public administrations,
geographical and social proximity still act as catalysts in fostering these collaborations and
opening up new avenues to expand their business.

From a cognitive point of view, some interesting deviations from previous evidence can
also be noted. Traditionally, STEM backgrounds have been considered crucial for roles in tech-
nology-oriented industries. In this context, it can be observed that 4.0 t-KIBS are overall charac-
terized by the increased involvement of workers without a STEM background. There are a few
possible explanations for this. Firstly, with the advent of 4.0, technologies, the skill requirements
in the labour market have expanded beyond traditional STEM disciplines. 4.0 innovation system
is characterized not only by rapid technological advancements but also by evolving business
models (Frank et al. 2019). As a consequence, 4.0 t-KIBS are required to leverage these diverse
skills, to bridge the gap between technology and business. In particular, roles in 4.0 t-KIBS may
require a blend of technical knowledge, problem-solving abilities, communication skills, and
business acumen which traditionally are associated with professional KIBS rather than technol-
ogy KIBS (Consoli and Elche-Hortelano 2010). Moreover, many 4.0 t-KIBS focus on providing
services that involve user experience design, customer engagement, and content creation. Non-
STEM workers, with their expertise in fields like design, psychology, marketing, or social scienc-
es, can contribute significantly to creating user-friendly interfaces, crafting engaging content,
and understanding customer needs. Secondly, the need to integrate non-technical competencies
may be related also to the commercial and networking activities required to establish and main-
tain an interregional network. The success of such networks relies not only on the quality of the
technologies offered but also on effective communication, relationship-building, and business
development. Non-technical competences such as sales, marketing, negotiation, and networking
play a crucial role in expanding the reach of these networks, attracting clients and partners, and
ensuring long-term sustainability.

Lastly, in terms of collaborations the findings obtained do not present a high degree of
novelty and are in line with the expectations. It is observed that collaborations with universities
are more common among innovative firms that engage in both software development and co-
innovation with clients, while they are less frequent among less innovative firms, particularly
those anchored regionally. Furthermore, in line with the expectations collaborations with cus-
tomers emerge as the primary source of innovation for firms whose main output consists of cus-

tomized innovations. However, some interesting insights can be gained by comparing 4.0 t-KIBS
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with other ICT service providers. 4.0 t-KIBS display a higher inclination to collaborate with com-
panies belonging to the same business group. This observation might indicate a tendency to-
wards vertical integration within the sector, suggesting a closer alignment and collaboration

among firms within the same business group.

Conclusions
This explorative study attempted to uncover the heterogeneous nature of the t-KIBS involved in
the production and provision of 4.0 technologies and their differences from other t-KIBS that
supply other ICT technologies (in many cases less advanced technology). The main finding re-
lates to the geographical scope of 4.0 t-KIBS, which often transcends regional boundaries, espe-
cially when activities are customer-focused and aim to develop solutions tailored to clients’
needs. Geographical proximity to the customers, therefore, does not seem to be as relevant as of-
ten highlighted by KIBS literature (Muller and Zenker 2001c). However, these firms may estab-
lish some forms of “temporary spatial proximity” (Torre 2008; Growe 2019). These findings
might seem in contrast with those of the second chapter and in general with those of territorial
servitization literature. Nevertheless, the ability of 4.0 t-KIBS to develop and rely on inter-
regional networks does not deny the role that local demand can play in favouring the formation
of 4.0 t-KIBS and the importance that they hold in sustaining the 4.0 transition of manufacturing
firms located in the same area, as also highlighted during the interviews conducted. Additional
research is therefore needed to better understand co-location dynamics and advantages, espe-
cially those that involve local public administrations.

From a policy perspective, these findings have several implications. First, the inter-
regional networks of 4.0 t-KIBS and the consequent shift away from continuous face-to-face in-
teractions between customers and KIBS may pose some threat to the stability of the regional ICT
sectors, particularly in peripheral areas. There is a risk that these firms may migrate outside
their home regions to more dynamic innovation systems (F. Rossi, Baines, and Smith 2021). This
could especially occur among t-KIBS that are not embedded in the local and regional economy.
This evidence calls for a reassessment of the role of territory specifically emphasizing the need
to complement existing policies aimed at supporting the establishment of new technological
firms (e.g., startup policies) with policies aimed at developing those regional conditions that
could increase the retention of 4.0 t-KIBS and their embedding in the local and regional innova-
tion system. Such measures include not only initiatives to strengthen the linkages between local
manufacturing and service sectors but also efforts to facilitate inter-regional networking among

t-KIBS and enhance the digital infrastructure of the region.

140



Chapter 3

Limitations of this study could stem from the sample size and the limited number of in-
terviews conducted. Triangulation has helped enhance the interpretation of the results, but cau-
tion is still necessary when generalizing the findings to the entire population. Therefore, further
research is required to investigate the dynamics governing the supply of 4.0 technologies, con-

sidering the various actors involved in these processes and the specific mechanisms at play.
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tions

The challenges and opportunities associated with the spreading of 4.0 technologies and the
mechanisms that regulate their development and diffusion are major topics of discussion in in-
novation and regional studies. By adopting both a firm-level and a territorial-level perspective
this thesis aimed at contributing to this debate in two main ways. First, the systematic literature
review conducted in Chapter 1 selected, organized and discussed those contributions that ad-
dress Industry 4.0-related issues from a regional economic and local development perspective.
The comprehensive systematic revision made it possible to identify the main issues discussed,
the existing gaps and the topics that are already on the research agenda of other streams of lit-
erature but are under-researched in regional economics. The first chapter laid the foundation for
the empirical analysis conducted in Chapters 2 and 3. The primary objective of these chapters
was to uncover the territorial determinants that influence their spatial diffusion and the type of
linkages they form with the territories they are located in.

Private t-KIBS play a central role in 4.0 innovation systems, by supporting the transition
of traditional manufacturing systems (Lafuente, Vaillant, and Vendrell-Herrero 2017; Bellandi
and Santini 2019; Vaillant et al. 2021), the digital transformations of regions (Capello, Lenzi, and
Panzera 2022) and the production of 4.0 knowledge (Méniére, Rudyk, and Valdes 2017). How-
ever, the systematic review highlighted that despite their importance they have not yet received
much attention from innovation and regional economists, especially compared to public innova-
tion intermediaries (Larrea and Estensoro 2021; Hervas-Oliver 2022; Prodi et al. 2022). This
thesis attempted to fill this gap by providing several contributions on the role of t-KIBS in 4.0
transformations.

Unlike previous studies that targeted these organizations, the analysis identified the t-
KIBS involved in 4.0 activities relying not only on the statistical classification of economic activi-
ties but also on additional information extracted from firms’ websites. This approach made it
possible to distinguish between t-KIBS that may be involved in the production and delivery of
4.0 technologies by those that do not manage these technologies. The database built covers the
entire population of Italian t-KIBS and is the basis of the empirical analysis carried out in Chap-
ter 2 and the starting point for the identification of the KIBS to be surveyed in Chapter 3.

Since the results of each empirical analysis were discussed separately at the end of each
chapter, in this section we discuss the overall results in a comprehensive manner.

When examining the territorial factors influencing the diffusion of 4.0 providers, findings

from the analysis conducted in Chapter 2 highlight the crucial role of co-locating with 4.0 manu-
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facturers. This confirms the existence of self-reinforcing loops between the service and the man-
ufacturing sectors as suggested by territorial servitization literature (Vaillant et al. 2021). So far
nothing new. However, by integrating results from the second and third chapters, several, novel
insights can be gained to enhance the understanding of the diffusion patterns of 4.0 t-KIBS, their
system of external relationships and their innovation behaviours.

First, the significant importance of co-location with 4.0 manufacturers could indicate the
existence of a network of local relationships that 4.0 t-KIBS rely upon. However, the findings
presented in Chapter 3 indicate a different trend. It appears that 4.0 t-KIBS tend to expand its ac-
tivities beyond regional boundaries, especially when offering customized innovations tailored to
customers’ needs. While these results may seem potentially contradictory, some explanation can
be provided. The development of inter-regional networks enables 4.0 t-KIBS to operate national-
ly or internationally without negating the existence of a system of fruitful local interactions. In
line with previous studies (Horvath and Rabetino 2019; Vaillant, Lafuente, and Vendrell-Herrero
2023), it is plausible to assume that the establishment of 4.0 t-KIBS is strongly encouraged by
the presence of a dynamic entrepreneurial ecosystem that demands these technologies. Howev-
er, once these organizations are established, they appear to pursue business opportunities be-
yond the local markets and explore possibilities outside their regions.

The role of urbanization economies is more complex than one might initially assume.
While it is more evident why highly urbanized provinces tend to attract 4.0 multi-technology
technology providers, their role in the context of individual technologies remains uncertain. Fur-
ther research is still needed to shed light on this matter and provide a deeper understanding to
clarify why urban areas tend to attract certain technologies more than others.

In terms of KIBS-University linkages, the findings from Chapter 2 indicate that Universi-
ties contribute to the supply market of 4.0 t-KIBS mainly by channelling resources and
knowledge into academic spin-offs while human capital does not seem to impact in a relevant
way. In Chapter 2, the measure of human capital is represented by the percentage of STEM grad-
uates. However, the findings from Chapter 3 reveal that 4.0 t-KIBS tend to employ a higher pro-
portion of non-STEM graduates. This finding raises doubts and reinforces the need for further
examination regarding the adequacy of the proxy used in Chapter 2 as it suggests that human
capital in the context of 4.0 t-KIBS may extend beyond STEM-related disciplines. Therefore, addi-
tional research is required to explore and refine the measurement of human capital in relation to
4.0 technologies and the specific skill sets that are most relevant in these industries.

In addition to exploring the territorial determinants impacting the provision of 4.0 tech-

nologies, the thesis also investigates the relationship between these organizations and the terri-

148



Conclusions, Limitations and Implications

tories they are situated in. Here the role of spatial proximity seems to be weaker compared to
the past. Traditionally, regional studies dealing with KIBS have strongly emphasised the role of
proximity between customers and suppliers as a means of sustaining knowledge flows and tacit
exchanges (Muller and Zenker 2001). The analysis carried out in Chapter 3 reveals a tendency
among these organizations to actively seek business opportunities beyond regional borders and
to rely less upon proximity, especially when they develop customized solutions. These findings
can be considered a consequence of the advancements in IT technology that help companies in
governing long-distance relationships and of a competitive necessity that forces companies to
actively seek new business opportunities also outside the region. Moreover, 4.0 t-KIBS seems to
enhance cooperation with firms belonging to the same business group. This finding further
strengthens the conclusions drawn in Chapter 1, emphasizing the importance of gaining a deep-
er understanding of the mechanisms that govern the relationship between territorial innovation
systems and corporate innovation systems, especially in the IT sector where global tech compa-
nies play a crucial role in shaping the technological trajectory of new technologies (Rikap and

Lundvall 2021).

Policy implications
From a policy perspective, some lessons can be drawn. Firstly, the results confirm the relevance
of local networking policies and in particular of retention policies. By reinforcing the local em-
beddedness of KIBS firms, policymakers can sustain formal and informal inter-sectoral
knowledge spillovers and sustain the technological upgrading of co-located firms. Retention pol-
icies instead should be directed to prevent KIBS relocation to more attractive areas. They in-
clude measures such as providing incentives, creating a supportive business environment, and
investing in local infrastructure and amenities to make the region more attractive for KIBS firms
(Rossi, Baines, and Smith 2021)

Secondly, the existence of differences in the territorial determinants that regulate the
supply of different 4.0 technologies and the multiple activities and functions carried out by 4.0 t-
KIBS emphasizes the heterogeneous nature of these organizations and highlights the need for
policymakers to be cautious and proactive in their approach. They should not assume a one-size-
fits-all strategy but rather consider the characteristics of 4.0 local providers and the type of
technology involved. Different 4.0 technologies may have distinct requirements and implications
for adoption and diffusion while different types of t-KIBS (producers and/or intermediaries)
may have different impacts on the local and regional innovation system. Policymakers need to
tailor their approaches, accordingly, considering the characteristics and potential impact of each

technology.
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Thirdly, from a competence perspective, the evidence that 4.0 technology t-KIBS tend to
blend technical competencies with non-technical ones is an important finding for policymakers.
Discussions about 4.0 technologies have traditionally focused on technical expertise and skills.
However, the recognition that 4.0 t-KIBS also rely on non-technical knowledge underscores the
multidimensional nature of the competencies that these companies need. While technical skills
remain important, providing support and resources for the acquisition and enhancement of non-
technical sKills is equally important.

Lastly, the methodological approach adopted in this thesis emphasizes the importance of
integrating new novel data sources, specifically web data, to achieve a more comprehensive un-
derstanding of innovation activities. By leveraging novel data sources also in policy-making and
governing processes, policymakers can gain a more nuanced and real-time understanding of the
local and regional innovation system, monitor trends, identify emerging patterns promptly, and
capture the dynamics of non-traditional actors and grassroots initiatives. By supporting and fos-
tering these actors, policymakers may facilitate the transition toward new path development,
promote an inclusive innovation ecosystem, and drive economic transformation and renewal,

especially in mature industrial areas (Bellandi and Storai 2022).

Main limitations and future research avenues
The first limitation stems from the methodology employed, specifically the reliance on a key-
word-based approach both in Chapter 1, to select the papers to be included in the review, and in
Chapter 2, to identify the providers of 4.0 technologies. Using a keyword-based approach could
lead to an incomplete representation of relevant information, a potential inflation or deflation of
results, and a lack of contextual understanding. Regarding Chapter 2, it should be noted that due
to practical constraints, the keyword-based approach was the only feasible option as it was not
possible to manage the entire textual corpus of the websites. However, despite these limitations,
the results obtained provide a good approximation of the overall picture.

Secondly, it is important to note that the empirical analysis conducted in this study is
limited to the Italian economic scenario and the supply side of 4.0 technologies. While the analy-
sis provides valuable insights into the territorial dynamics of the provision of 4.0 technologies in
[taly, it may not be directly applicable to other regions or countries. To enhance the generaliza-
bility of the findings and provide a broader understanding of the territorial dynamics underlying
the supply of 4.0 technologies, future researchers should examine other regions or countries to
compare the findings and identify commonalities, as well as variations. In addition, further in-
sights could be gained by merging this data with data on 4.0 inventions and adoption to obtain a
more comprehensive overview of the supply and demand of these technologies.
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In Chapter 2, the analysis conducted provides valuable interesting insights into the spa-
tial patterns that regulate the diffusion of the single 4.0 technologies but fails to explain the mo-
tivation driving these patterns. Therefore, further research is needed to delve deeper into this
aspect and gain a better understanding of the factors influencing the geographical distribution of
each technology.

Finally, another limitation is related to the type of analysis conducted, which fails to con-
sider power-related issues, as recommended by the conclusions provided in Chapter 1. While it
is acknowledged that power dynamics play a significant role in shaping the technological land-
scape, it was not feasible to incorporate this aspect in the analysis due to data availability con-
straints. Furthermore, it should be noted that the limitations and conclusions discussed at the
end of Chapter 1 represent the progress made up until the completion of the thesis. In future re-
search, it would be valuable to consider power-related issues and the trend toward vertical inte-
gration in the IT sector and explore their territorial implications for a more comprehensive un-
derstanding of the subject. Studying these relationships may help identify the channels through
which knowledge, resources, and technologies flow between territorial and corporate innova-
tion systems (Crescenzi, Dyévre, and Neffke 2022). This could also help policymakers under-
stand the impacts that these large tech companies have on local innovation systems and ensure
that regulations and policies support and encourage collaboration, competitiveness, and local

development.
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