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Abstract Building on the Knowledge Spillover
Theory of Entrepreneurship (KSTE) and the Digital
Entrepreneurial Ecosystem (DEE) approach, this
paper investigates the relationship between the
local availability of digital knowledge (i.e., digital
knowledge spillovers and digital skill endowment)
and the creation of digital innovative start-ups in
Italian NUTS3 regions. The obtained results show
that both elements are significant for the creation of
digital innovative start-ups at the province level, and
a two-fold contribution has been made: from a theory
perspective, an extension of KSTE to digital settings
has been used to assess the relevance of geographical
issues, while, from a DEE perspective, the study
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contributes by empirically analyzing the specific
characteristics of the local ecosystem that can affect
the creation of digital innovative start-ups. Finally,
we discuss the implications for entrepreneurship and
technology policy at the local level.

Plain English Summary Digital knowledge spillo-
vers and digital skill endowment support the creation
of digital innovative start-ups. The rapid diffusion of
digital technologies has generated new opportunities
for developing innovative entrepreneurship, which is
essential for employment growth, new job creation,
and socio-economic wealth. Therefore, investigating
the enabling conditions of digital innovative start-
up creation is essential to define appropriate support
policies. This paper, by processing data related to
Italian NUTS3 regions, analyses the role that digi-
tal knowledge spillovers and digital skill endowment
play in supporting the creation of digital innovative
start-ups. The obtained results highlight that both the
components considered to describe the local avail-
ability of digital knowledge (i.e., knowledge on digi-
tal technologies) play a central role in the creation of
digital innovative start-ups at the province level. The
main implications of this study are important at both
a research and a policy level: the former concerns
the extension of the Knowledge Spillover Theory of
Entrepreneurship to digital settings, whereas the lat-
ter regards possible insights and suggestions to enrich
institutional policies in order to develop and diffuse
digital entrepreneurship processes within a region.
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1 Introduction

Entrepreneurship, i.e., the process by which new
enterprises are founded and become viable, is recog-
nized as the key engine of economic activities — both
for stagnant economies to recover and for emerging
ones to sustain growth — as it is essential for employ-
ment growth and job creation, wage growth, and
wealth creation. However, a new category of entre-
preneurship, namely digital entrepreneurship, has
recently gained momentum (e.g., Elia et al., 2020;
Sahut et al., 2021). This is a relevant socio-economic
and technological phenomenon as it embraces ‘“new
ventures and the transformation of existing businesses
by creating and using novel digital technologies ...
to improve business operations, invent new (digital)
business models, sharpen business intelligence, and
engage with customers and stakeholders through new
(digital) channels”.!

The digitalization of the economy favors the
emergence of a new breed of entrepreneurs who,
unlike their pre-Internet predecessors, can lever-
age on digital technologies, innovation, and online
communities to support most of the key processes
within a company (Bryniolfsson & McAfee, 2014).
Consequently, we are witnessing a peak of initia-
tives across the globe to foster the acceleration of
digital entrepreneurial activities related to the crea-
tion and development of digital start-ups. Some
emerging cases of pure digital environments that
support the incubation of digital start-ups (e.g., F6s.
com, Angel.co, Startupcompete.co) have demon-
strated the feasibility of shaping digital entrepre-
neurial ecosystems in which participants can share
knowledge, information, and experiences to create
new companies. Such examples encourage schol-
ars to further investigate this phenomenon in order

! “Fuelling Digital Entrepreneurship in Europe”, European
Commission.
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to provide new perspectives for developing digital
entrepreneurship processes at the regional level,
as some recently published studies have confirmed
(e.g., Du et al., 2018; Elia et al., 2020; Nambisan,
2017). On a parallel ground, a wide body of litera-
ture has investigated the relationship between entre-
preneurial dynamics and economic development at
the regional level (Dejardin & Fritsch, 2011; Pie-
trzak et al., 2017). In this stream of literature, both
theoretical and empirical analyses have been con-
ducted to identify the characteristics and attributes
of the local socio-economic systems that can have
an impact on the formation of new firms (Audretsch
& Fritsch, 1994; Colombelli, 2016; Fritsch, 1997).
The Knowledge Spillover Theory of Entrepreneur-
ship (henceforth KSTE) has emerged as the lead-
ing theory to explain the interdependence between
knowledge and entrepreneurial activity formation
(Audretsch, 1995; Audretsch et al., 2015). KSTE
has recently been extended to refine the understand-
ing of the role that contexts play in shaping entre-
preneurial knowledge appropriation and exploita-
tion dynamics (Acs et al., 2009, 2013; Colombelli
& Quatraro, 2018; Ghio et al., 2015).

Because of the pervasive diffusion of digi-
tal technologies that have created new business
opportunities, enhanced knowledge spillovers
derived from the intense usage of such technolo-
gies (Audretsch et al., 2020b), and which have
expanded the scale and the scope of knowledge
flows (Fossen & Sorgner, 2019), the current knowl-
edge spillovers mainly occur within online envi-
ronments (Audretsch et al., 2020b) that operate as
digital entrepreneurial ecosystems (Song, 2019).
In this vein, this paper investigates the extension
of the KSTE to digital settings, by focusing on two
key drivers that influence KSTE in the digital era,
which are “digital knowledge spillovers” and “digi-
tal skill endowment”. These two elements refer to
the availability of knowledge on digital technolo-
gies and the presence of digitally-skilled individu-
als, respectively, both of which are crucial for the
creation of digital start-ups (Bonaccorsi et al.,
2014; Helsper & Eynon, 2013).

The aim of this paper has been to investigate this
theme by analyzing the relationship between the
availability of digital knowledge and digital skills
within local economic systems and the creation of
digital innovative start-ups, with the ultimate goal
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of deriving and suggesting key policy implications.
More specifically, with the term “digital innova-
tive startups”, we refer those new-created companies
that incorporate novel technology as a vital compo-
nent of their business models and operations (Elia
et al., 2020). In order to define the core dimensions of
digital knowledge within local ecosystems that may
influence the creation of digital innovative start-ups,
we grounded the study on KSTE (Acs et al., 2009;
Audretsch & Belitski, 2013; Audretsch & Lehmann,
2005) and on Digital Entrepreneurial Ecosystem
(DEE) (Du et al., 2018; Elia et al., 2020; Li et al.,
2017; Sussan & Acs, 2017), which have already been
explored in the literature, but without any reciprocal
linkages.

The empirical analysis has focused on Italian
NUTS3 regions and used data on the creation of
digital innovative start-ups within the framework of
the Italian Startup Act, which is aimed at promot-
ing the creation of new innovative digital firms. This
appeared to be an appropriate context for the empiri-
cal analysis as many of the innovative start-ups cre-
ated under this legislative pillar are in fact of a digi-
tal nature. Unlike other studies focused on innovative
start-ups in Italy, this research has used a multisource
dataset built upon original and qualified databases
managed by institutional actors, and combined with
primary data, which allow analyzing different dimen-
sions of digital knowledge spillovers and digital skill
endowment at the NUTS 3 level of analysis.

The obtained results show that digital knowledge
spillovers and digital skill endowment are both sig-
nificant for the creation of digital innovative start-ups
at the province level, and they provide a two-fold con-
tribution: from the KSTE perspective, they contribute
to investigating a possible extension of such a theory
in the digital settings, as it has been found that geo-
graphical aspects are not relevant for entrepreneurial
success. Instead, from a DEE perspective, the study
contributes by empirically analyzing the specific
characteristics of the local ecosystem that can affect
the creation of digital innovative start-ups.

The rest of the paper is structured as it follows.
The theoretical framework, which builds upon the
concepts of KSTE and DEE, and articulates the
hypotheses on the relationship between the features of
the local ecosystem and the creation of digital innova-
tive start-ups, is presented in Sect. 2. Section 3 illus-
trates the research method and provides details on the

context of the study, the data, the considered varia-
bles, and the adopted econometric model. Sections 4
describes the findings of the study, whereas Sect. 5
presents the discussion and the main implications.
Finally, Sect. 6 ends the study by illustrating the main
limitations and new topics for future research.

2 Theoretical framework

2.1 KSTE and the drivers of the creation of new
firms

The linkages between the creation of new firms and
regional economic development have already been
emphasized by scholars in the entrepreneurship and
regional economics fields (Fritsch, 2013). New firms
in fact appear to be geographically clustered, so that
the local economy is likely to benefit from a self-
enforcing process that shapes a regional comparative
advantage (Feldman, 2001; Feldman et al., 2005).
Two main perspectives arise from this literature.

On the one hand, a certain stream of literature has
focused on the effects of entry dynamics on regional
economic performances. In this respect, the forma-
tion of new firms has been considered as a determi-
nant of regional growth, cross-regional differences,
and regional employment dynamics (Fritsch, 2013;
Fritsch & Schindele, 2011). Moreover, the regional
socio-economic environment plays a key role in the
relationship between the formation of new firms and
regional development (Fritsch & Mueller, 2004).
Among all the local factors, cultural and organi-
zational factors have been found to be crucial for
regional development (Boschma, 2005; Saxenian,
1996). According to this perspective, the effects of
the formation of new firms on regional development
can be either direct (e.g., making the entry of new
capacities or new jobs creation easy) or indirect (e.g.,
stimulating the incumbents’ efficiency and structural
changes, or enhancing innovation and technological
variety) (Fritsch & Mueller, 2004).

Another stream has instead focused on the effects
of the characteristics of local socio-economic systems
on the regional rates of entrepreneurship. Reynolds
et al., (1994) found that such factors as unemploy-
ment, population density, and the local industrial
structure affect regional variations in the creation
rates of new firms. Feldman, (2001) stressed the

@ Springer



A. Colombelli et al.

importance of the local availability of funds, support-
ive social capital, research universities, and support-
ing services to stimulate and cultivate entrepreneur-
ship. Lee et al., (2004), drawing upon the notion of
Jacobs externalities, investigated the importance of
social diversity, human capital and creativity to cre-
ate new firms. Similarly, Audretsch et al., (2012),
following the Marshallian intuition, showed that the
local atmosphere (e.g. entrepreneurial culture) shapes
the entrepreneurship process. In the same direction,
Delgado et al., (2010) and Qian et al., (2013) carried
out empirical analyses on the role of knowledge and
agglomeration in regional entrepreneurial dynamics.
In the same vein, the empirical analyses conducted
by Colombelli, (2016), and Colombelli & Quatraro,
(2018) revealed that the local knowledge composi-
tion affects the creation of innovative start-ups. Such
studies can be framed in the KSTE conceptualized
of Audretsch, (1995) and Audretsch & Lehmann,
(2005), which provides the theoretical foundation for
the link between knowledge spillovers and new firm
formation. According to KSTE, new knowledge and
ideas created endogenously within firms or research
laboratories result in knowledge spillovers (Acs et al.,
2009), and can be sources of entrepreneurial oppor-
tunities that are exploited by entrepreneurs (Acs &
Armington, 2006; Audretsch et al., 2006). Thus,
KSTE suggests that the creation of a new firm is an
endogenous response to opportunities that stem from
knowledge that has been generated but not com-
mercially exploited by incumbent firms or academic
research institutions (Acs et al., 2013). The existing
literature has shown that the key drivers that expand
new knowledge and technological opportunities,
which lead to the creation of new firms, are repre-
sented by several elements, such as: the explicit and
implicit knowledge stocks, the complementarity of
knowledge bases, the diversity of knowledge sources,
the lack of localized competition, the presence of
incumbent firms in knowledge-based industries, the
thickness of knowledge filters within firms, and the
legislative and administrative regulations (Acs et al.,
2009; Ghio et al., 2015; Kirschning & Mrozewski,
2023; Plummer & Acs, 2014; Shu et al., 2020).

Thus, by leveraging on KSTE, it emerges that
economic growth is not only driven by large incum-
bents, but also by entrepreneurial ventures that may
find their source of innovation in unexploited knowl-
edge stocks (Audretsch, 2007; Audretsch & Belitski,

@ Springer

2013), as well as through the generation of new inno-
vations and improvements in a firm’s productivity
(Audretsch & Belitski, 2020). This phenomenon is
geographically concentrated in industries where the
actors of knowledge that generates inputs are in close
proximity (Audretsch & Feldman, 1996). The recip-
rocal exchange of knowledge among co-located actors
engaged in innovation can in fact reduce uncertainty
and explain the clustering of innovative activities,
which depend on the availability of new knowledge
(Carlino & Kerr, 2015). Such places attract individu-
als who acquire skills by interacting with other people
(especially older and more skilled workers) who live
and work in close proximity, and this in turn favors
intellectual flows and the generation of new knowl-
edge that may contribute to nurturing and develop-
ing innovative activities (Glaeser, 1999). However, in
order to ensure effective knowledge externalities that
may induce firms to generate an innovative perfor-
mance, geographical proximity needs to be combined
with a certain level of cognitive proximity so that
interactive learning takes place, as well as with other
forms of proximity (i.e., organizational, institutional,
and social) that may bring together actors within
and between organizations, thus avoiding the risk of
excessive lock-ins, and a lack of openness and flex-
ibility (Boschma, 2005). In such a way, local knowl-
edge spillovers can embrace a wide variety of knowl-
edge transmission mechanisms that may help spread
ideas and expertise while keeping the innovation pro-
cess bound in space (Breschi & Lissoni, 2001).

2.2 A digital entrepreneurial ecosystem as lever of
KSTE

Entrepreneurship and the system in which it takes
place feed off each other (Neck et al., 2004). Attempts
have recently been made to develop a more compre-
hensive framework for the analysis of the dimen-
sions of the context of entrepreneurship (Autio et al.,
2015). The entrepreneurial ecosystem approach has
been articulated by borrowing from biology (Cho
et al., 2021; Isenberg, 2010; Spigel, 2017). The theo-
retical underpinnings of this new approach go back
to a wide and heterogeneous stream of literature that
ranges from research on innovation systems (Brusoni
& Prencipe, 2013; Cooke et al., 1997; Fritsch, 2001),
clusters (Delgado et al., 2010; Feldman et al., 2005;
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Porter, 1998), networks (Hoang & Antoncic, 2003;
Nijkamp, 2003; Stuart & Sorenson, 2005), and entre-
preneurial systems (lansiti & Levien, 2004; Neck
et al., 2004; Spilling, 1996; Van de Ven, 1993).

Entrepreneurial ecosystems shape environments
that are supportive of innovation-based and adopt
a systemic approach to fostering entrepreneurship
processes by integrating investment capital, busi-
ness incubators, universities and research centers, a
supportive entrepreneurial culture, a strong business
infrastructure, supporting services and facilities, and
public policies that incentivize the formation of new
firms through appropriate regulatory and normative
pillars (Audretsch et al., 2012, 2021a; Isenberg, 2010;
Kenney & Patton, 2005; Neck et al, 2004; Stam,
2015). These features affect the creation and growth
of local start-ups by enabling inter-firm cooperation,
information sharing, knowledge spillovers, opportu-
nity recognition, and financial endowments (Spigel,
2017) with the goal of contributing to regional eco-
nomic development (Audretsch & Belitski, 2021).

The rapid advancement of digitization (Fossen &
Sorgner, 2019) has influenced the dynamics and flows
of entrepreneurial ecosystems. In this respect, Sus-
san and Acs (2017), who introduced the concept of
DEE by presenting a framework based on four dimen-
sions i.e., digital infrastructure governance, digital
user citizenship, digital entrepreneurship, and digital
marketplace, made a key contribution to the litera-
ture. According to these authors, DEE “is composed
of Schumpeterian entrepreneurs creating digital com-
panies and innovative products and services for many
users and agents in the global economy” (Sussan &
Acs, 2017).

Digital technologies within DEE are both the sub-
jects and the drivers of the entrepreneurial process as
they encompass entrepreneurial opportunities based
on digital technologies, and support the discovery,
evaluation, and exploitation of such opportunities
(Song, 2019).

In such a way, DEE provides a collective and col-
laborative contribution, which complements the
resources of a single firm and, thus, sustains the
creation of digital start-ups (Du et al., 2018; Li et al.,
2017) that operate at both the local and global level
(Cavallo et al., 2019).

In other words, DEE can be considered a kind of
collective intelligence system, a sort of a self-organ-
izing community of interdependent entrepreneurial

agents that are able to capture and develop entrepre-
neurial opportunities by leveraging on the existence
of digital knowledge, digital technologies, and digital
skills that are available at both the local and global
level (Elia et al., 2020).

In line with this approach, this study has focused
on two dimensions of DEE, that is, “digital knowl-
edge spillovers” and “digital skill endowment”. These
dimensions are particularly important since they
represent the way digital start-ups can acquire new
knowledge from universities and firms to shape and
develop new entrepreneurial opportunities within
the ecosystem in which they operate. The empirical
analyses that were conducted were aimed at investi-
gating the relationship between these dimensions,
with respect to the creation of a specific typology of
start-ups, named “digital innovative start-ups”. Such
a typology of companies was first introduced in Italy
in 2012, and there now exists a national roster (i.e.,
“Registro Imprese”) that contains a list of all the digi-
tal innovative start-ups in Italy. These companies have
a set of similar characteristics: they were created over
a period of less than 48 months, they provide digital-
based innovative products or services, and have a
turnover of less than 5 million euros. Moreover, such
companies have to fulfil other criteria dedicated to the
research context, which are illustrated in the next sec-
tion. In the following section, we discuss the hypoth-
eses tested in the empirical analysis.

2.3 Hypothesis development

No systematic investigations have been found in the
literature whereby the phenomenon of digital entre-
preneurship is connected to local knowledge spillo-
vers. The rapid diffusion of digital technologies in
the last decade has increased the number of knowl-
edge spillovers originating from the usage of such
technologies (Audretsch et al., 2020b), which need
to be integrated with internal innovation practices
and associated with internal and external knowledge
investments (Enkel et al., 2009) to contribute toward
the creation of new entrepreneurial activities.

Two key drivers that have influenced KSTE in
the digital era are “digital knowledge spillovers” and
“digital skill endowment”. The former refers to the
knowledge on digital technologies that is incorpo-
rated in human capital and which makes individuals
more capable of recognizing the commercial value of

@ Springer
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a new innovative firm (Bonaccorsi et al., 2014). The
latter instead refers to the employees’ skills on digi-
tal technologies, which are important to explain the
engagement of people with Information and Com-
munication Technology (ICT) solutions (Helsper &
Eynon, 2013).

Since digital technologies have accelerated and
expanded the scale and the scope of collaboration,
as well as information exchange among the involved
actors, knowledge spillovers currently largely occur
within online environments (Audretsch et al., 2020b)
that operate as digital entrepreneurial ecosystems
(Song, 2019).

We therefore extend the main hypothesis of KSTE
to digital domains. We expect that new knowledge
generated within a local ecosystem in ICT domains is
particularly important for the creation of digital inno-
vative start-ups. Thus, the following hypothesis can
be advanced:

HI. The presence of digital knowledge spillovers
is positively associated with the creation of digital
innovative start-ups in a focal province.

KSTE suggests that new knowledge represents a
source of entrepreneurial opportunities, and that the
entrepreneurial actions of appropriating the value of
such opportunities can lead to the creation of new
firms. Qian & Acs, (2013) argued that the formation
of new firms depends not only on the speed of knowl-
edge creation, or the level of new knowledge, but also
on the prospective entrepreneurs’ ability to acquire
new external knowledge. Thus, new knowledge does
not necessarily lead to entrepreneurship, and the
extent to which the market value of new knowledge is
discovered and exploited depends on the capability of
prospective entrepreneurs of recognizing such oppor-
tunities and of mobilizing resources to introduce new
inventions onto the market. In this context, workers in
firms become one of the mechanisms through which
external knowledge is acquired to create new start-
ups. In other words, companies, and thus the work-
ers that work in such companies and then became
entrepreneurs, are the mechanisms through which a
start-up can be created. In this way, workers are “pro-
spective entrepreneurs” who are able to merge the
knowledge of a firm with ICT knowledge to create
new companies. In this direction, a lack of adaptation
of the educational system and training policies for
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technological changes may lead to a skill deficiency
(Arendt, 2008). Therefore, companies need to invest
in enhancing Information Technology (IT) skills,
which have been proved to be crucial to access and
share data and information at a global level, thus con-
tributing to the creation of knowledge spillovers in
entrepreneurial ecosystems. Consequently, any train-
ing employees receive enhances their digital skills,
their awareness about the digital transformation phe-
nomena and their ability to use IT solutions, which in
turn leas to the need for new IT solutions (Saunders
& Brynjolfsson, 2016). Additionally, the enhance-
ment of the digital skills of employees determines a
proliferation of user-centred innovation, as more users
develop new products and services for themselves and
for other users (von Hippel, 2006). Some of these
users may develop new products or services in a pro-
cess of intense interactions with their community and
become entrepreneurs themselves (Autio et al., 2013;
Shah & Tripsas, 2007; Sussan & Acs, 2017). They
often develop an idea when they are users and discuss
their knowledge and creativity with the community
and other users before commercializing such ideas
(Shah & Tripsas, 2007). In view of this argument, the
following hypothesis can be advanced:

H2. Digital skill endowment is positively associ-
ated with the creation of digital innovative start-
ups in a focal province.

3 Data and methodology
3.1 Research context

At the end of 2012, the Italian Ministry of Economic
Development approved a Law Decree on “Further
urgent measures for Italy’s economic growth” (named
“Decreto Crescita 2.0”) with the aim of providing
specific measures to foster the creation and develop-
ment of innovative start-ups. The decree recognizes
that start-ups are an engine of economic growth, tech-
nological development, and new job creation, and it
is aimed at creating a favorable context to develop
entrepreneurial opportunities by strengthening the
links between universities and businesses, and by
attracting investments and talented people. By the
summer of 2017, more than 5,000 innovative start-
ups had been registered in the “Registro Imprese”,
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i.e., the Italian national roster that contains a list of
innovative start-ups.

According to the aforementioned Law Decree, in
order to benefit from governmental measures, a start-
up needs to fulfil certain requirements: it needs to be
a corporation that is not listed and which is subject to
Italian tax laws. Moreover, it should have a turnover
of less than 5 million euros, have been active for less
than 48 months, be owned directly, for at least 51%,
by physical subjects, and, more importantly, it should
have the social aim of developing innovative products
or services with a high technological content.

In order to satisfy this latter requirement and to be
defined as innovative, such a start-up needs to fulfil at
least one of the following three criteria: either 15% of
its costs should be related to R&D activities; at least
one third of the team should be made up of highly
qualified members?; the enterprise should be the
holder, depositary or licensee of a registered patent
or the owner of an original registered computer pro-
gram. Registered “innovative start-ups” benefit from
certain government incentives, such as more flexible
labor regulations, bureaucratic and administrative
simplification, ad-hoc incentives, and a “fail fast”
procedure. Therefore, this context appeared to be an
appropriate for the empirical analysis conducted in
this paper as many of the new firms created under this
law are in fact of a digital nature.

3.2 Data

The empirical analysis was focused on the patterns
of new firm formation in the digital domain of Ital-
ian NUTS 3 regions (i.e., the province level). The
empirical analysis involved using data on the creation
of innovative start-ups within the framework of the
Italian regulations illustrated in Sect. 3. We matched
data on digital innovative start-ups, aggregated at the
NUTS3 level of analysis, with information on the
socio-economic features of the Italian provinces, to
discover what factors of local ecosystems were the
most conducive to the creation of digital start-ups.

2 By the term “highly qualified members”, the Law intends
all those individuals who either hold a PhD qualification or
are PhD candidates at an Italian or foreign university, or those
who have conducted research over at least three years. Alterna-
tively, two thirds of the total workforce should have a Master’s
degree.

Unlike other studies that focused on innovative
start-ups in Italy, this research has used a multisource
dataset, built upon original and qualified databases
managed by institutional actors, combined with pri-
mary data. The matching between two main sources
makes our dataset novel: the special section on “Inno-
vative startups” of Registro Imprese and data from
the "Information and Communication Technology
(ICT) detection in companies—Year 2016" survey.
This combination of original data allows analyzing
different dimensions of digital knowledge spillovers
and digital skill endowment at the NUTS 3 level of
analysis and has not previously used by the entrepre-
neurship literature.

The data gathering process involved three steps.
First, we classified the 5,000 innovative start-ups reg-
istered in the Italian “Registro Imprese™™ by identify-
ing whether they were of a digital nature or not. A
start-up was considered as being of a digital nature
whenever it provided products or services by leverag-
ing on new digital technologies. Moreover, in order
to define whether the innovative start-up was digital
or not, we searched for the goals and mission of each
start-up on their web-sites or in other authoritative
Internet sources and verified whether their products
or services were of a digital nature. For example, we
considered a product or a service as being digital if
it was related to the use and/or generation of digi-
tal platforms, software, 3D printing, algorithms, or
digital scanning. Several reviewers were involved in
the classification of the digital start-ups, and double
checks were conducted to verify the appropriateness
of the classification.

Among all the classified digital start-ups, we
selected those that were registered in the “Registro
Imprese” in 2016. This choice was due to the avail-
ability of data from the Italian Institute for Statistics
(ISTAT) for the year 2016, since a subset of the data
used for testing the research framework was only
available for the considered year.* A total of 1,805

3 The data were made available by the Chamber of Commerce.
4 The data used in this work were taken from ISTAT and are
related to the "Information and Communication Technology
(ICT) detection in companies— Year 2016" survey. The elabo-
rations were carried out at the ISTAT Economic Data Analysis
Laboratory, in compliance with the legislation on the protec-
tion of statistical confidentiality and personal data protection.
The results and conducted analyses are the sole responsibility
of the author and do not constitute official statistics.
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start-ups were found to satisfy this criterion. Out of
these, 929 start-ups were identified as not being digi-
tal, while 876 were considered to be digital.

The second step involved gathering data on the
two key dimensions of DEE, as identified in Sect. 2
(i.e., “digital knowledge spillovers” and “digital
skill endowment”), which are supposed to influ-
ence the creation of digital start-ups. We used sev-
eral data sources to collect information on both the
four key dimensions of an ecosystem and the con-
trol variables included in our model. We collected
data from ISTAT (the Italian Institute for Statistics),
Banca d’Italia (the Central Bank of Italy), PAT-
STAT (the worldwide patent statistical database),
INFOCAMERE (the IT agency of the Italian Cham-
bers of Commerce), EUROSTAT (the European
Institute for Statistics), and MIUR (the Italian Min-
istry of Education, Universities and Research). Data
from the "Information and Communication Tech-
nology (ICT) detection in companies—Year 2016"
survey conducted by ISTAT, the Italian National
Statistical Office, are key to analyze the key dimen-
sions of the DEE. The survey is part of the Euro-
pean Community statistics on the information
society following the Commission Regulation No
808/2004, which establishes the legal basis for har-
monized statistics on ICT usage in enterprises. ICT
survey is also one of the major sources of data for
the Digital Agenda Scoreboard measuring progress
of the European digital economy.

The third step was related to creating the final
database. This involved merging the two data-
bases and conducting econometric analyses. Our
final database included information on 110 Italian
NUTS3 regions. Figure 1 shows the distribution of
the digital innovative start-ups across the Italian
provinces in 2016. The majority of these start-ups
are located in the provinces of Milan, Rome, Bolo-
gna, Turin and Padua.

3.3 Variables

3.3.1 The dependent variable

The number of digital innovative start-ups in the Ital-
ian NUTS3 regions was taken into consideration to

implement the empirical analysis. In line with previ-
ous works on the determinants of new firm formation
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(Audretsch & Lehmann, 2005; Bonaccorsi et al.,
2013, 2014; Colombelli, 2016), this dependent vari-
able was used to represent the number of digital inno-
vative start-ups (DIG_SU) in a focal province.

3.3.2 The independent variables

The analyses conducted in this paper to test the
hypotheses formulated in Sect. 2 required the use
of several variables to capture different facets of the
four dimensions identified in our research framework.
These variables allowed the features of the entrepre-
neurial system in which the digital innovative start-
ups operated to be measured.

The first key dimension was the presence of “digi-
tal knowledge spillovers”. This is a common measure
that has been used in the extant literature to proxy for
knowledge spillovers, and it refers to the number of
graduates within a region. This measure accounts for
the knowledge embodied in skilled human capital and
has proved to be positively correlated with new firm
creation in a geographical area. Skilled individuals
are in fact more likely to recognize the commercial
value of untapped knowledge and to create new inno-
vative firms (Astebro et al., 2012; Bonaccorsi et al.,
2014; Shane, 2000). Since we were specifically inter-
ested in knowledge spillovers in digital domains, we
included graduates in ICT topics as a proxy of this
dimension as it represents the supply, by the edu-
cational system, of ICT-related courses (Steedman
et al., 2003). The supply of these types of courses,
which create new knowledge and ideas, in a particular
province can create more opportunities for the crea-
tion of digital start-ups. We operationalized the “ICT
skills through education” (ICT_EDUC) variable by
the percentage of graduates over the population in
ICT topics at the province level.

We also included the “Local knowledge stock™
(LKS) variable in the first key dimension. We used an
output variable which was calculated by using patent
applications. This is the most frequently used proxy
for technological knowledge (Colombelli, 2016). LKS
was calculated by applying the permanent inventory
method and using a rate of obsolescence of 15% per

annumS:

5 The most common value used in the literature, since it was
first introduced by Hall et al., (2005), is 15%.
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Fig. 1 Geographical distri-
bution of digital start-ups
in Italy

Digital Startups

LKS” = hi,t + (1 — 6)LKSI'J_1

where h; is the flow of ICT patent applications and
d is the rate of obsolescence, and, once again, i is the
province and t is the time period. To avoid endogene-
ity concerns and to consider the time it takes for an
invention to be commercialized, a 3-years lag was
applied to this explanatory variable.

The second key dimension was “digital skill
endowment”. We considered the enterprises that
employed people with ICT skills as a proxy of this
dimension, since it represents the skills of the users
of solutions proposed by digital innovative start-ups,
and since digital skills are important to explain the
engagement with ICT solutions. Helsper & Eynon,
2013 also proposed digital innovative start-ups for
this purpose. The variable called “ICT specialists”
(ICT_SPEC) was operationalized by the percentage

Digital Startups
10.0-3.0

@ 4.0-9.0

W 2.0-20.0

M 20.0-40.0

W 40.0-194.0

of enterprises that employed ICT specialists at the
province level (number of companies that employed
ICT specialists/number of companies).

Moreover, we also considered companies that pro-
vided training on ICT topics to employees with ICT
skills to operationalize the second key dimensions
(Smallbone et al., 2000). This is a variable that repre-
sents the way companies update their ICT skills. This
variable, called “ICT training” (ICT_TR), was opera-
tionalized by the percentage of companies that pro-
vided ICT training to employees with ICT specializa-
tion at the province level (number of companies that
provided ICT training/number of companies). It is
based on confident and critical usage of ICT for work
and communication.

Details about the dimensions, names, and descrip-
tions of the variables as well as the data sources are
provided in Table 1.
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Table 1 Key dimensions of the variables

Variable acronym Description

Data source  Reference

Dimension Independent variable
Presence of digital ICT skills through ICT_EDUC
knowledge spillovers  education
(DKS) Local knowledge ICT  LKS
stock
Digital skill endow- ICT specialists ICT_SPEC
ment (DSE)
ICT training ICT_TR

Percentage of gradu-  MIUR

ates in ICT topics
Stock of ICT patent

applications per

thousands of inhabit-

Bonaccorsi et al., 2014

EUROSTAT Colombelli, 2016

ants

Percentage of enter- ISTAT Helsper & Eynon, 2013
prises with ICT
specialists

Percentage of enter- ISTAT Smallbone et al., 2000

prises that provide
ICT training to
employees with ICT
skills

3.3.3 Control variables

We controlled for several factors, which, according
to the extant literature, were likely to affect the cre-
ation of a new firm. First, the effects of agglomera-
tion economies (POP_DENS), proxied by the popu-
lation density, were controlled at the NUTS 3 level
by dividing the total population in province i by the
land use area:

POP,
AREA,

POP_DENS,; =

Second, since the creation of new firms can be
the outcome of an “escape from unemployment”
strategy, the unemployment rate (UNEMPL) at the
NUTS 3 level, calculated as the ratio between the
number of unemployed people and the number of
individuals in the labor force in the region, was also
included in the controls.

Third, the number of incubators (INC) in each
province was calculated. Business incubators in fact
represent a key resource for the creation of start-ups,
as they provide the necessary conditions for successful
undertakings and increase the likelihood of survival
(Auricchio et al., 2014; Colombo & Delmastro, 2002).

Fourth, we considered the entrepreneurial culture
of the province as an additional control variable,
since it is expected that the higher the entrepreneur-
ial culture of a province is, the higher the rate of
the creation of digital start-ups. This variable was
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operationalized as the percentage of self-employed
workers per province (SELF_EMPL) (the number
of self-employed workers/population).

Finally, limited access to financial resources
can hamper an entrepreneurial process (Blumberg
& Latterie, 2008). Credit rationing is the result of
information asymmetries, according to which banks
may find it difficult to understand the real value of
new innovative firms. This engenders a supply short-
age for prospective entrepreneurs who cannot rely on
personal wealth (Evans & Jovanovic, 1989; Johans-
son, 2000; Stiglitz & Weiss, 1981). In line with this
reasoning, a variable (FIN_SYSTEM) that took into
consideration the quality of the financial markets in
the NUTS 3 province, and which was proxied by the
rate of the decay of investments, was included in the
econometric model. The indicator was in fact based
on the ratio between the number of entities that
entered into situations of serious insolvency in each
period as a proportion of the total number of other
entities involved in the system. Moreover, the num-
ber of bank branches (BANKS) per province was
included as a control variable. Banks are key sources
of financing in the Italian system and they have
recently started to propose international acceleration
programs for innovative start-ups whereby the most
promising ones are selected and prepared for mar-
ket benchmarking, which allows them to meet inno-
vation ecosystem actors. Details about the control
variables, their descriptions, and the data source are
shown in Table 2.
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Table 2 Control variables

Control variable Variable acronym Description Data source
Density of the province POP_DENS Population of the province/surface of the province ISTAT
Unemployment rate UNEMPL Unemployed people/population ISTAT
Incubators INC Number of incubators Banca d’Italia
Entrepreneurial culture: Self- SELF_EMPL Percentage of self-employed workers ISTAT
employed workers
Financial system FIN_SYSTEM Rate of decay of investments ISTAT
Banks BANKS Number of bank branches in each province Banca d’Italia

3.4 Methodology

Testing our hypotheses required modelling the
DIG_SUi,t dependent variable as a function of the
independent variables shown above (ICT_EDUC,
LKS, ICT_SPEC, ICT_TR). The baseline specifica-
tion of our estimating equation, where t refers to the
year 2016 and t-1 to the year 2015, was therefore:

4 Results

Table 3 reports the descriptive statistics concern-
ing the variables used in the analysis, while Table 4
shows the correlation matrix. As expected, the cor-
relations between the independent variables are rela-
tively high. This is true especially in the case of the
different proxies for the same key dimension of the

DIG_SU,, = a+b,ICT_EDU,,_, + b,LKS,,_ | + b;ICT_SPEC;, , + b,ICT_TR,,_, + Y C;,_, +¥¢;, (1

As the features of local environments may take
some time to exert an effect on entrepreneurial
dynamics and to mitigate endogeneity concerns, a
1-year lag was applied for the explanatory variables.
In the equation shown above, )’ C;,_; represents the
set of control variables described above.

Because of the discrete and non-negative nature
of the dependent variable, Eq. (1) wase estimated
using count models, as they have proved more
appropriate to deal with nonnegative integers. In
other words, Eq. (1) was estimated by means of
either a Poisson or a negative binomial model. Since
the dependent variable is over-dispersed, and since
its variance is far larger than the mean, the negative
binomial estimator seems to be more appropriate
(Greene, 2003). We acknowledge that there might
be a potential endogeneity issue due to reverse cau-
sality affecting the presence of digital start-ups and
ICT EDU. Specifically, where the number of digital
firms is large, individuals may decide to graduate in
ICT topics because they expect to have more chance
to find a job there. In this case, the number of digi-
tal start-ups will determine the number of ICT grad-
uates. To mitigate this issue, in our model we use
lagged independent variables.

ecosystem. For example, the ICT_TR and ICT_SPEC
variables are highly correlated and belong to the same
dimension, “DSE”. We tested the correlation of one
independent variable on the dependent variable in
each model.

The variance-inflation factor (VIF) was checked
for each covariate to help detect multicollinearity
among the covariates. A high value of VIF indicates
the presence of multicollinearity. The VIF in our
data was always lower than 10,° that is, the accepted
cut-off value (Neter et al., 1990). Thus, the obtained
results show that our estimations were not affected by
multicollinearity.

Furthermore, the results of the econometric esti-
mation of Eq. (1) are reported in Table 5. Each model
contains the effect of each independent variable con-
sidered separately. This allowed the effects of the two
dimensions of local ecosystems for digital start-ups to
be identified. Therefore, we ran a total of five models.

Considering Table 35, it can be observed that Model
M1 only contains the control variables. The popu-
lation density (POP_DENS) has a positive impact

% In our estimations, VIF assumed values of between 1.43 and
1.73.
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Table 3 Descriptive statistics

Variable N Mean s.d min Max
DIG_SU 110 9.125 22.033 0 194
NO_DIG_SU 110 9.577 157799 0 129
ICT_EDUC 110 0.040 0.025 0 0.112
LKS 110 0.055 0.056 0 0.229
ICT_TR 110 0.094 0.056 0 0.249
ICT_SPEC 110 0.085 0.045 0 0.2
POP_DENS 110 263.457 377.437 31.081 2,644.891
UNEMPL 110 0.125 0.057 0.038 0.314
INC 110 0.218 0457 0 2
FIN_SYSTEM 110 4.758 1.983 1.144 11.289
SELF_EMPL 110 0.083 0.020 0 0.137
BANKS 110 0.010 0.013 0 0.107

on the creation of digital innovative start-ups at the
province level, as do the number of incubators (INC)
and the entrepreneurial culture (SELF_EMPL) of the
province, as expected. Instead, the results show that
the rate of unemployment (UNEMPL) is not signifi-
cantly correlated with the creation of new innovative
start-ups. This result is interesting as, in addition to
simply confirming that unemployment does not affect
the formation of innovative start-ups, it shows that
such companies are not subject to the escape from
unemployment hypothesis. This result indicates that
the founders of innovative digital start-ups should
be considered Schumpeterian entrepreneurs and not
necessity entrepreneurs (Vivarelli, 2004).

It should be recalled that we tested Eq. (1) by
including one independent variable at a time. In
Model M2 and Model M3, we tested Hypothesis 1,
according to which the presence of digital knowledge
spillovers enhances the creation of digital innovative
start-ups in a focal province. The ICT_EDUC and the
LKS coefficients are actually positive and statistically
significant, thus providing support to Hypothesis 1.
This means that the larger the digital knowledge stock
available in local contexts is, the larger the number of
digital start-ups that are created in a province.

When the relationship between digital skill endow-
ment and the creation of digital innovative start-ups
in a focal province was tested (Model M4 and Model
MS5), the percentage of companies that employ ICT
specialists (ICT_SPEC) was found to be positively
associated with the creation of digital innovative
start-ups, as was the percentage of companies that
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Table 4 Spearman correlation matrix

11 12

10

Variable

No

1.000

DIG_SU

1

2

ICT_EDUC

1.000
0.238*
0.104
0.194*
0.127
0.020

0.543%%%

LKS

1.000

0.372%%*

1.000

0.571%**

0.416%%%

ICT_TR

4
5
6
7

ICT_SPEC

0.726%** 1.000

0.527%**

0.364%**

POP_DENS

0.406%** 0.284%*%* 0.379%** 1.000
-0.151

-0.683***

0.378%**
-0.260¥

UNEMPL

INC

1.000

-0.471%%%

-0.578 %%

1.000
-0.217*

-0.352%%%

0.332%**
-0.012

0.449%** 0.383%**

047455
-0.337 %

0.330%**
-0.063
-0.073

0.458%**
-0.166

0.192*

0.218*

1.000
-0.256%*
-0.126
-0.159

0.44475%

-0.340% %%

-0.356%%%*

FIN_SYSTEM

9

SELF_EMPL

1.000

0.146
0.172¥

-0.699%#*
-0.281%#*
-0.261%*

0.466%** 0.426%** 0.027
0.188¥

0.124

0.473%**
0.117

10
11

12

BANKS

1.000
0.222%*

0.292%%*

0.144

0.009

0.095

1.000

0.552%%**

0.522%%%  (0.372%%%* 0.350%** 0.291°%%* 0.357%%*

0,744

NO_DIG_SU

p-value < 10%

p-value <0.001%; ** = p-value < 0.01%; *p-value <0.05%; ¥

skskok —
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Table 5 Econometric

. . Dependent variable HP DIG_SU DIG_SU DIG_SU DIG_SU DIG_SU
results: Testing the impacts
of the DKS and DSE Model M1 M2 M3 M4 M5
dimensions on the creation
of digital innovative start-ups Independent variables
DKS
ICT_EDUC HI1 ... 15.834 %3
(3.751)
LKS H1 ... 3.417*
(1.856)
DSE
ICT_TR H2 .. 5.769%:*
(2.125)
ICT_SPEC H2 ... 4.784%
(2.623)
Control variables
POP_DENS 0.001*#* 0.001***  0.001**  0.001%** 0.00]%***
(0.001) (0.001) (0.001) (0.001) (0.001)
UNEMPL 1.625 0.853 3.429 4.320 2.268
(2.683) (2.500) (2.825) (2.766) (2.664)
INC 0.970%#%  (.767***  (.895%** ().852%** (),875%*:*
(0.174) (0.166) (0.176) (0.175) (0.179)
FIN_SYSTEM -0.027 -0.018 -0.011 -0.004 -0.012
(0.050) (0.047) (0.049)  (0.049) (0.049)
SELF_EMPL 10.170 12.703* 10.641 8.643 7.368
(6.913) (6.327) (6.778)  (6.584) (6.991)
BANKS 9.760 2.929 11.212¢  11.654%  10.513"
(6.307) (6.087) (6.267) (6.261)  (6.186)
Constant 0.251 -0.118 -0.249 -0.621 0.057¥
(0.863) (0.796) (0.887) (0.884) (0.871)
LR chi2 84.56%* % 120.61%%* 88.00%** 9] 89*#* 87 8Tk
w5 — p_value < 0.001%; Pseudo R2 13.47% 16.35% 14.02% 14.64% 14.00%
%= p_value < 0.01%; Log lik -271,582  -262,561  -269,864 -267,918 -269,931
:p—value<0.05%; Mean VIF 1.67 1.65 1.78 1.77 1.71
=p-value < 10%; standard N 110 110 110 110 110

error in parenthesis

provide ICT training to employees with ICT skills
(ICT_TR). Therefore, these results confirm Hypoth-
esis 2. Overall, the econometric results support both
of the hypotheses developed and tested in this study.
In a nutshell, they suggest that the creation of digi-
tal innovative start-ups emerges under particular ICT
related conditions.

4.1 Additional analyses
After verifying the two hypotheses formulated in our

study, we investigated the existence of the effects
of the presence of digital knowledge spillovers and

digital skill endowment on the creation of non-digi-
tal innovative start-ups. In this way, we were able to
understand whether they could be applied to all start-
ups or just to digital ones. Following the arguments
put forward in our theoretical background, we expect
that the proxies for the DEE are more relevant for dig-
ital start-ups than for non-digital ones. The number of
non-digital innovative start-ups in the Italian NUTS3
regions was taken into consideration to implement
the additional models. This dependent variable is
the number of non-digital innovative start-ups (NO_
DIG_SU) in a focal province, and it was obtained
by subtracting the total number of digital innovative
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start-ups in a focal province from the total number of
innovative start-ups. We used the same models as the
ones considered for the digital start-ups, but included
the number of non-digital start-ups as dependent
variable:

NO_DIG_SU;, =c + bsICT_EDU;,_, + bgLKS;,_,
+ b,ICT_SPEC;,_, )

+DgICT TR,y ++by ¥, C;\y +6,,

The results of the econometric estimation of
Eq. (2) are reported in Table 6. Each model contains
the effects of each independent variable considered
separately. Therefore, we ran another five models.

When considering the effects of the control vari-
ables on the creation of non-digital innovative start-
ups, we found the same relationships as those of the
models with the number of digital innovative start-
ups considered as the dependent variable. These
results confirm that there are no significant differ-
ences between digital and non-digital innovative
start-ups with respect to the traditional dimensions
of entrepreneurial ecosystems.

When considering the presence of digital knowl-
edge spillovers, the results highlighted that the avail-
ability of graduates in ICT topics is also positively
associated with the creation of non-digital innovative
start-ups, while local knowledge spillovers are not.
However, by comparing the ICT_EDUC coefficient
in Model M2 and Model M7, it appeared that there
is a higher correlation between this variable and the
creation of digital innovative start-ups than for the
non-digital ones. This result confirms that ICT skilled
human capital is of greater importance for digital
innovative start-ups than for their counterparts.

Conversely, the creation of digital innovative start-
ups is driven by the ICT knowledge stock available
in a province, as measured by the ICT patent stock,
although this is not the case for non-digital innova-
tive start-ups. Instead, when considering digital skill
endowment, we did not find any significant impact of
ICT specialists or of ICT training on the creation of
non-digital innovative start-ups.

5 Discussion

This paper has investigated the relationship between
the local availability of digital knowledge and the
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creation of digital innovative start-ups in Italy. By
building on the Knowledge Spillover Theory of
Entrepreneurship and the Digital Entrepreneurship
Ecosystem approach, we identified two dimensions
of a local entrepreneurial ecosystem — namely digi-
tal knowledge spillovers and digital skill endowment
— and tested their relevance on the creation of digital
innovative start-ups. Our analyses have shed light on
the dimensions that characterize an entrepreneurial
ecosystem as key levers for the creation and devel-
opment of digital innovative start-ups. The achieved
results contribute toward enhancing the body of
knowledge on KSTE, as we tested whether knowl-
edge spillovers and skill endowment also remained
valid in digital settings, regardless of the province,
which could influence the level of digital culture of
a territory. Indeed, cultivating digital knowledge
within educational contexts and mastering digital
skills in working settings contribute significantly to
overcoming the limits that can hinder the collection
of both tangible and intangible resources, thus facili-
tating the execution of the main steps of the entrepre-
neurial process. Such an extension of the traditional
KSTE approach fuels further attempts in comple-
mentary directions, including the spatial perspective
(Iftikhar et al., 2020, 2022) and firm-level perspective
(Audretsch et al., 2021b).

Moreover, knowledge spillovers and skill endow-
ment related to digital technologies, in combination
with other elements, such as the presence of profes-
sional support services, an easy access to the mar-
kets, the proximity of relationships with both research
centers and multinational companies, and informa-
tion about financial capital and investment sources,
could play a relevant role for supporting the creation
of digital innovative start-ups, which are considered
a mechanism for the systemic growth of territories
(Cornet et al., 2022; Thomas et al., 2019), thus rein-
venting the way through which value is created, deliv-
ered, and captured (Autio et al., 2018).

We have focused on these aspects since the rapid
advancement of digitization (Fossen & Sorgner,
2019) has called for a deeper understanding of the
interrelation between the entrepreneurial and the digi-
tal ecosystem approaches. In so doing, this study has
extended the literature on the digital entrepreneurship
ecosystem (Elia et al., 2020), as it has demonstrated
that that new knowledge generated within a local eco-
system in the ICT domain is of particular importance



The creation of digital innovative start-ups: the role of digital knowledge spillovers and...

Table 6 Econometric results: Testing the impacts of the DKS and DSE dimensions on the creation of non-digital innovative start-ups

Dependent variable NO_DIG_SU NO_DIG_SU NO_DIG_SU NO_DIG_SU NO_DIG_SU
Model M6 M7 M8 M9 M10
Independent variables
DKS
ICT_EDUC 15.120%**
(3.764) ..
LKS 3.196
(2.061)
DSE
ICT_TR 3.551
(2.241)
ICT_SPEC 2.948
(2.614)
Control variables
POP_DENS 0.001* 0.001°* 0.001¥ 0.001* 0.001*
(0.001) (0.001) (0.001) (0.001) (0.001)
UNEMPL 2.969 1.350 4.309 4.117 3.433
(2.605) -2.455 (2.734) (2.680) (2.625)
INC 1.186%** 0.940%#%* 1.077%%* 1.083%** 1.118%**
(0.200) (0.195) 0.211) (0.210) (0.208)
FIN_SYSTEM 0.030 0.024 0.042 0.042 0.033
(0.049) (0.047) (0.049) (0.050) (0.049)
SELF_EMPL 13.055* 12.659%* 12.847* 11.128¥ 11.713¥
(6.359) (5.848) (6.283) (6.342) (6.439)
BANKS 11.712¥ 4270 13.131¥ 12.212¥ 11.872%
-7.166 (6.866) (7.217) (7.105) (7.071)
Constant -0.504 -0.397 -0.854 -0.860 -0.699
(0.794) (0.737) 0.817) (0.814) 0.811)
LR chi2 64.68%** 81.20%** 67.14%** 67.20%%%* 65.96%**
Pseudo R2 9.95% 12.49% 10.32% 10.33% 10.14%
Log lik -292,800 -284,544 -291,572 -291,542 -292,164
Mean VIF 1.47 1.48 1.62 1.61 1.53
N 110 110 110 110 110

##% = p-value < 0.001%; **=p-value<0.01%; *p-value <0.05%; ¥ =p-value< 10%; standard error in parenthesis; NO_DIG_SU

stands for “non-digital start-ups”

for the creation of digital start-ups, and has also high-
lighted that ICT workers play the role of “prospective
entrepreneurs” who are able to merge firm knowledge
and ICT knowledge to allow the creation of new digi-
tal innovative companies.

This study has also investigated the use of digi-
tal technologies to support the diffusion and shar-
ing of knowledge within a network of digital skilled
actors capable of interacting and collaborating in the

shaping and development of digital innovative start-
ups. Such a process allows local territorial develop-
ment to be sustained within a global context, thus
reducing the relevance of distance in the local devel-
opment dynamics. Moreover, in such a perspective,
digitization becomes a central process of knowledge
spillover (Proeger & Runst, 2020), as it helps terri-
tories to overcome their peripheral position by sup-
porting and establishing direct connections with the
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key entrepreneurial players in order to stimulate and
nurture the creation of digital innovative start-ups.

Indeed, by looking at the relevant phenomenon
of inner area development through start-up incuba-
tion, this study contributes to exploring new perspec-
tives whereby data and information can be shared
by leveraging on digital technologies through their
communication potential and collaboration features.
In this way, marginal areas can have more opportu-
nities to participate in the global flows of territorial
development through the sharing of knowledge assets
(Moretto et al., 2022) and by using digital technolo-
gies to exploit the relational proximity that charac-
terizes the emerging form of digital entrepreneurial
ecosystems (Elia et al., 2020). Moreover, by leverag-
ing on digital technologies, Proeger and Runst (2020)
observed that digitization efforts in one domain may
lead to the adoption of additional knowledge in other
domains, thus overall stimulating entrepreneurial
dynamics within a territory. Such a process contrib-
utes to creating and consolidating the “missing link”
(Braunerhjelm et al., 2010) between knowledge pro-
duction in research institutions and its effective valor-
ization in regional economies by exploiting the poten-
tial of digital technologies (Proeger & Runst, 2020).

We have provided empirical evidence that shows
how entrepreneurs can leverage on different dimen-
sions of the ecosystem to generate and use digital
technologies and, in turn, give rise to new digital
companies. This entrepreneurial process is sustained
by the presence of different agents within the eco-
system who contribute to both the generation and
the demand of new digital knowledge. Accordingly,
interdependent entrepreneurs who are able to capture
technology-based opportunities by leveraging on the
existence of the digital knowledge and technologies
available at the local level may be capable of creating
a digital start-up.

By comparing the antecedents of the creation of
digital and non-digital innovative start-ups, we have
found that the availability of graduates in ICT topics
has an impact on the creation of innovative start-ups,
regardless of whether they are digital or not. This
result might be due to the fact that ICT skilled human
capital is of key importance, not only for the genera-
tion of new digital firms, but also for the adoption of
digital technologies in new non-digital firms. We have
also found that ICT specialists as well as ICT train-
ing on the creation of non-digital innovative start-ups
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are not so peculiar for the creation of not digital start-
ups, thereby highlighting that other types of skills
are required for their creation. This result suggests
that future research could investigate the mechanisms
under which digital and non-digital innovative start-
ups are created, as well as other common or unique
factors that might be involved.

This study has a policy/practitioner value. It
offers important implications for technology and
entrepreneurship policies at the regional level. Tech-
nology policy represents one of the key levers that
policymakers can use to trigger local development
(Bala Subrahmanya, 2017; Friar et al., 2003), in the
strategic view of establishing knowledge spillovers
enhanced by digitization, so that firms can play a cen-
tral role by leveraging on their absorptive capacities
as well as their openness to technology, motivation
toward innovation, and alertness (Proeger & Runst,
2020). Such policies, appropriately combined with
complementary policies targeted toward attracting tal-
ented people, and developing entrepreneurial compe-
tencies and skills in technical profiles, could provide
tax incentives for both start-ups and their investors,
create spaces where people with ideas could meet to
enhance and test innovative solutions, and could play
a significant role in activating the antecedents condu-
cive to the creation of innovative start-ups (Audretsch
et al., 2020a).

Because of the collective and systemic nature of
innovation activities, the choice of the correct policy
mix is of crucial importance. The results of this paper
suggest that the diffusion of digital knowledge in uni-
versities and companies can encourage the creation
of digital start-ups. In order to strengthen this effect,
policy makers could adopt non-financial support
measures, such as “access to skills”, which have been
proved to be effective in many countries (Audretsch
et al., 2020a). Moreover, transversal training courses
could be incentivized at the local level to introduce
digital competences to all the students in the area and
not only in those who attend ICT related courses. In
this way, ICT related investments on education pro-
grams could have a significant effect at the local level
by leveraging on technology transfer initiatives. Fur-
thermore, lifelong learning programs could also be
incentivized at the local level. In such a way, work-
ers could continuously receive ICT-related training
to become a vehicle to boost the creation of digital
innovative start-ups at the local level. However, when
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it comes to innovative entrepreneurship policies, the
usual mantra of “one size does not fit all” is pertinent.
This means that such measures should be combined
with complementary initiatives, such as ecosystem-
centred subsidies and investments in infrastructure,
which should be launched simultaneously.

6 Conclusion

This paper, by conducting empirical analyses on a
dataset of 1,805 innovative start-ups in the Italian
NUTS3 region, has provided evidence on the entre-
preneurial dynamics of Italian provinces and has
suggested that the creation of digital innovative start-
ups in local contexts appears to be triggered by the
combination of two key dimensions of an ecosystem
enabled by digital technologies, that is, the availabil-
ity of knowledge on digital technologies (i.e., digital
knowledge spillovers) and the presence of digitally-
skilled individuals (i.e., digital skill endowment). We
have also demonstrated that these dimensions have a
different impact on digital innovative start-ups from
that of non-digital ones. In other words, digital skill
endowment has a positive impact on the creation of
digital innovative start-ups, while it does not affect
the creation of non-digital innovative start-ups. On
the other hand, digital knowledge spillovers positively
affect the creation of both digital and non-digital
innovative start-ups, although the impact is higher
for digital start-ups. No significant differences have
been found between digital and non-digital innovative
start-ups with respect to the traditional dimensions of
entrepreneurial ecosystems. These findings reveal the
key role of the competencies accumulated in the past
on the future development of an ecosystem and points
out the importance of path-dependence in regional
development processes. Indeed, dynamic irreversibil-
ity, due to local technological specialization in digi-
tal domains, can generate technological advantages
for certain regions that may be difficult to replicate in
other geographical areas.

The analyses have also shed light on the local
features of an ecosystem that are conducive to the
formation of new firms in the digital domain, thus
opening new avenues for future research. Indeed,
entry on its own is not enough for an entrepreneur to
become a driver of economic development and job
creation. The growth processes of new digital firms

also deserve further investigation. Hence, some open
research questions are: What is the impact of new
digital technologies on the growth of digital innova-
tive start-ups? What are the drivers of innovation and
growth for digital innovative start-ups within local
ecosystems? What are the mechanisms and processes
that can explain the contextual influences (e.g., social,
institutional, technology, policy, regional) on the
growth of digital innovative start-ups? What are the
policy measures that should be introduced to provide
the labour market with the necessary digital skills
to foster the creation and growth of digital innova-
tive start-ups? The understanding of these dynam-
ics is timely and necessary, and could provide use-
ful insights for the policy agenda of both developed
and emerging countries. Furthermore, future research
could operationalize “ICT specialists” as the percent-
age of employees in ICT domains instead of the per-
centage of enterprises with ICT specialists. At a more
general level, future research could be also devoted
to including some of the conditions considered by
the general, systemic, and digital framework of the
EIDES model — European Index of Digital Entrepre-
neurship Systems (Autio et al., 2020) in analyses, in
order to complement the country-level analysis of the
digital entrepreneurship phenomenon.

Finally, future studies could be dedicated to inves-
tigating the connections between the KSTE and digi-
tal entrepreneurship literature with open innovation
research, thus contributing to integrating endogenous
entrepreneurship, as KSTE was initially conceived
(Acs et al., 2009), with exogenous entrepreneurship
(Audretsch & Keilbach, 2007).

Despite the importance of the results achieved
in this research, the study suffers from some limits.
First, the time range of the collected data could be
extended to observe the complete evolution of digi-
tal innovative start-ups, which often require many
years to demonstrate their actual market value and
entrepreneurial potential. Second, other variables
could be added to complement those considered in
this study, such as relational proximity with inves-
tors and large companies: the former could pro-
vide newly created digital innovative start-ups with
financial support, whereas the latter could offer
more commercial and market-oriented support.
Third, there might be a potential endogeneity issue
due to reverse causality affecting the presence of
digital start-ups and the percentage of graduates in
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ICT topics, even though we applied some methodo-
logical choices for avoiding it. Finally, the start-ups
creation rate is likely to be determined by regional
differences (Parker, 2018), which are quite relevant
in Italy; therefore, another limit is the lack of geo-
graphical controls in the regressions to explain the
effect of the local environment.

From such limits, future research can arise to
investigate the effects of the creation of digital start-
ups on the growth of the territories, which is an out-
come not considered in the study. Moreover, future
studies could also consider how the quantity of local
firms can affect the creation of start-ups. Further-
more, since the Knowledge Spillover theory points
out that firms’ capacity to absorb external knowledge
depends on firms’ investment in internal knowledge,
such as R&D expenditures, and this is particularly
true for innovative, the amount of internal R&D
expenditures is another crucial ecosystem dimension
could be considered when studying Knowledge Spill-
over for innovative firms in future research. Finally,
future research could investigate the mechanisms
under which there is the creation of digital and non-
digital innovative start-ups as well as other common
or unique factors.
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