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The diffusion of digital skills across EU regions:
structural drivers and polarisation dynamics

Serenella Caravellaa, Valeria Cirillob, Francesco Crespic,
Dario Guarascio d and Mirko Menghinie

ABSTRACT
The digital transformation is an important driver of long-run productivity growth and, as such, it has the
potential to promote a more inclusive and sustainable growth. However, digital capabilities, crucial to
develop and govern new digital technologies, are unevenly distributed across European regions,
increasing the risk of divergence and polarisation. By taking advantage of a set of original indicators
capturing the level of digital skills in the regional workforce, this work analyses the factors shaping the
process of digital skill accumulation in the EU over the period 2011–2018. Relying on transition
probability matrices and dynamic random effects probit models, we provide evidence of a strong and
persistent regional polarisation in the adoption and deployment of digital skills. Further, we investigate
whether structural factors and European funds (European Regional Development Fund, Cohesion Funds
and European Social Funds) are capable of shaping the digitalisation process and favouring regional
convergence.
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1. INTRODUCTION

Strengthening Europe’s digital capabilities is the key to promote firms’ national and inter-
national competitiveness (Crespi et al., 2021; EC, 2022). In this context, the widespread diffu-
sion of digital skills (DS) is of crucial importance to enable digital transformation on both the
demand and supply sides. On the supply side, the development of digital technologies strongly
relies on the absorptive capacity of companies, industries and regions, which is determined by
the quantity and quality of skills the former are endowed with (D’Este et al., 2014; Fusillo et al.,
2022). DS are also a key component of National and Regional Innovation Systems (NIS and
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RIS), playing a relevant role in the processes of regional diversification and structural change
(Balland & Boschma, 2021; Castellacci et al., 2020; Santoalha et al., 2021). As for the demand
side, consumption of digital goods and services often requires the availability of DS without
which demand may not materialise.

The actual path of digitalisation across EU economies is highly heterogeneous due to the
persistent structural polarisation between (i.e., core–periphery divide) and within (i.e., regional
divide) countries (Celi et al., 2018; 2019; 2020). A polarisation that is likely to affect techno-
logical and skill capabilities alike, with core regions strengthening their relative position and
peripheral ones falling behind. The EC has allocated to digitalisation about 20% of the Next
Generation EU budget (150 billion euros) together with specific plans such as the ‘Digital
Compass’ and the ‘European Chips Act’ that are to complement the long season of Cohesion
Policy that, however, is not proving sufficient to halt the polarisation process (Gräbner et al.,
2020).

The growing importance of DS in the economic policy domain is mirrored by the flourishing
of empirical research focusing on their role in shaping economic performance as well as on fac-
tors that may facilitate/hamper their diffusion (Ciarli et al., 2021). The available evidence in this
field is far from conclusive, though. As measuring digital competences is a complex task and
reliable data sources are scarce, literature gaps abound and a number of relevant research ques-
tions still need to be addressed. First, DS are often measured relying on proxies that do not allow
accounting for their degree of complexity (Castellacci et al., 2020). This means that elementary
skills that may be enough for an individual to use simple digital devices are not properly distin-
guished from the more sophisticated ones such as, for example, those needed to design or
develop new digital technologies (Santoalha et al., 2021). If this is the case, rough assessments
of DS endowment are in order and relevant heterogeneities, in terms of digital performance, risk
being overlooked. Second, there is a lack of evidence concerning the supply, demand and struc-
tural factors that can explain the diffusion of digital competences at the regional level and, no
less relevantly, about those that may foster processes of convergence or divergence across regions
(on this point, see Balland & Boschma, 2021). By the same token, there is no conclusive evi-
dence regarding the role of policies aimed at strengthening regions’ knowledge and technologi-
cal capabilities. This is particularly important in the European context as a significant share of
the EU structural funds is directed at promoting regional convergence by strengthening local
capabilities concerning digital knowledge and technologies (Crescenzi & Giua, 2020). How-
ever, EU funds are of different types – e.g., Cohesion funds, Social funds, Regional Develop-
ment funds, etc. – and their ability to strengthen regional capabilities in terms of DS may vary
according to their aim, size and characteristics. In this respect, fresh empirical evidence may be
helpful to understand if and to what extent specific policy tools may be more capable than others
to promote EU regions’ digital upgrading.

This work aims at filling some of the abovementioned literature gaps providing a number of
empirical and theoretical contributions. First, a novel regional-level indicator providing a fine-
grained measure of DS is proposed. This allows assessing the diffusion of DS accounting for
their relative complexity, i.e., DS are distinguished between user, practitioner and developer
in tune with Castellacci et al. (2020). Second, convergence/divergence patterns are investigated,
testing whether DS represent an additional driver of core–periphery polarisation across EU
countries and regions (Celi et al., 2018). Third, the role of supply and demand determinants
is investigated, assessing whether key elements characterising large-scale integration (LSI) –
i.e., sectoral specialisation and share of high-tech industries, firm size and innovation intensity,
labour market characteristics and share of high skilled workers – may contribute to explaining
the diffusion of DS at the regional level (Caravella et al., 2021). Fourth, we provide evidence
concerning the role of different EU funds (European Cohesion Fund (ECF), European Social
Fund (ESF), European Regional Development Fund (ERDF)) in promoting, all other things
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being equal, the regional diffusion of DS. From a theoretical point of view, we add to two major
literature streams. The first one regards the analysis of structural convergence/divergence in
Europe. While a number of contributions have provided evidence on both causes and conse-
quences of cross-country polarisation (see, for example, Gräbner et al., 2020; Reveiu et al.,
2022), few studies have concentrated their attention on digital competences as an additional fac-
tor shaping such asymmetric dynamics. Nonetheless, DS represent a fundamental component of
countries’ and regions’ technological capabilities and their uneven diffusion may further deepen
polarisation. The second stream of literature concerns studies assessing the role of EU funds as
tools capable of strengthening weaker areas and promoting convergence (see, among others, Di
Caro & Fratesi, 2022). Thanks to the availability of rich data regarding both DS as well as EU
funds, we are able to explore this relationship, accounting for key structural heterogeneities
characterising European regions.

The article is organised as follows. Section 2 reviews the relevant literature and spells out the
key research questions. Section 3 illustrates the data used for the analysis and reports a detailed
mapping of the regional distribution of DS. Section 4 describes the econometric strategy and
reports the results while Section 5 concludes, discussing the main policy implications.

2. DIGITAL SKILLS ACROSS EUROPE: PREVIOUS EMPIRICAL EVIDENCE
AND NEW RESEARCH QUESTIONS

In what follows, we review the literature analysing diffusion and economic implications of DS
focusing on three main streams of contributions on which our research questions (RQs) are built
up. The first stream of literature adopts a rather broad perspective focusing on the so-called
‘digital divide’ – i.e., the gap between high and low DS, which can divide citizens, students,
workers, rural and urban areas, regions and economies – investigating its causes and discussing
the effectiveness of policies aimed at reducing it (Helsper & Van Deursen, 2015; Hidalgo et al.,
2020; Van Dijk, 2008; Zillien & Marr, 2013). The key argument here is that the opportunities
for growth, innovation and development of economies are inversely related to the relative
intensity of the digital (territorial) divide affecting them (Thonipara et al., 2020). Indeed, the
asymmetric distribution of DS among countries and territories may be explained by geo-demo-
graphic characteristics such as population density or distance from large cities; socio-economic
factors such as gender, age, skill level, income inequalities; and structural elements such as firm
size, innovation intensity, quality of infrastructures (OECD, 2021). Considering the multidi-
mensional nature of digital divides, the OECD suggests implementing coordinated policies
aimed at strengthening, simultaneously, structural capabilities (e.g., broadband connectivity)
as well as end-user capabilities. Along similar lines, Lucendo-Monedero et al. (2019) highlight
that broadband access plays a crucial role in explaining the digital divide both for individuals and
households. However, the availability of digital infrastructure may not be enough to bridge the
gap (Crespo Cuaresma & Lutz, 2021). Analysing a panel of European regions, Szeles (2018)
shows how the digital divide is, to a large extent, explained by differences in terms of economic
growth, educational attainment and R&D expenditure. Relatedly, the empirical literature
focusing on the diffusion of DS and technologies across regions agrees that, although some
forms of convergence in socio-economic factors associated with the access to digital technol-
ogies occurred over time, the divide has declined in relative but not in absolute terms (Kathuria
& Oh, 2018), and this is not expected to disappear in the absence of an adequate policy mix
(Crespo Cuaresma & Lutz, 2021). In other words, in the presence of persistent asymmetries
in terms of socio-economic, technological and productive capabilities, digitalisation may deepen
cross-country and territorial divides regardless of the provision of adequate infrastructure, such
as high-speed broadband. Among the policies capable of reducing the digital divide, in turn,
those related to the implementation of the regional ‘smart specialisation strategies’ appear to
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be particularly relevant. In this context, Castellacci et al. (2020) identify DS as key enablers for
access to advanced external knowledge and information, enabling the emergence and enhance-
ment of sectors closer to ICT production and driving regional diversification processes.

Further evidence on digital polarisation patterns is provided by Capello et al. (2022), who
adopt a spatial approach to assess the way in which the ‘digital service economy’ is spreading
(heterogeneously) across EU regions. They detect a strong divide between the most industrial-
ised regions, where digital value creation models are more pervasive, mobilising significant
amounts of investments and skills, and less developed ones, where digitalisation seems to spread
more slowly and without the generation of relevant capabilities. Complementary evidence is
provided by Reveiu et al. (2022), showing that EU regions characterised by strong digital
endowments are significantly more resilient vis-à-vis external shocks and crises. More generally,
the importance of including the geographical dimension has been highlighted by Billon et al.
(2008, 2009) suggesting the explicit consideration of the role of spatial spillover of digitalisation
that leads to identifying high adoption regions in the geographical centre of Europe. Also, Lutz
(2019) provides evidence on the existence of a north–south polarisation, with the northern
European regions consistently presenting more widespread adoption of digital technologies
than southern and eastern ones.

Interestingly enough, previous literature lacks an explicit exploration of the role ofDS in shap-
ing LIS and RIS. In this respect, Rodríguez-Pose and Crescenzi (2008) and, more recently, Fer-
nandes et al. (2021) offer some hints by emphasising how the complex interaction between local
and external knowledge, on the one hand, with local and external socioeconomic and institutional
conditions and, on the other, can shape the innovation capacity of each region (Antonelli et al.,
2022; Antonelli &Colombelli, 2018). In particular, the uneven spatial distribution of innovation
and skills is at the centre of the analyses by Crescenzi et al. (2020) and Kemeny et al. (2022).
Focusing on agglomeration patterns and inequalities, these authors highlight a generalised pro-
cess of polarisation according to which innovation opportunities are concentrated in key hubs
benefiting from self-reinforcing mechanisms that shield their privileged position. In such a con-
text, skills are polarised too. Key hubs and ‘affluent places’ hosting the major educational and
research institutions which, in turn, act as a ‘magnet’ attracting large inflows of high-skilled stu-
dents and workers. A similar result is found by Bloom et al. (2020) who have explored the geo-
graphical development of new technologies in the US. The authors highlight that, initially,
technologies are concentrated in local hubs but, over time, their adoption diffuses geographically.
However, despite this process of diffusion, the initial hubs retain a disproportionate share of high-
skill employment. These technology hubs are more likely to arise in areas with universities and
high-skilled labour pools, therefore reinforcing territorial inequalities.

This evidence suggests that given their tacit, local and cumulative nature (Dosi et al., 2000;
Dosi & Marengo, 2015; Fanti et al., 2021) and the role of structural and institutional hetero-
geneities in shaping their diffusion (Castellacci et al., 2020), DS not only are likely to be
unevenly distributed across regions, but such differences might be persistent. Stronger regions
that first accumulate tacit knowledge, digital competences, capabilities and related innovative
capacity are likely to increase that advantage vis-a-vis latecomers. Building on these consider-
ations, the empirical analysis will focus on the identification of eventual persistence effects in
the regional distribution of DS, thus providing evidence about our first RQ that can be spelled
out as follows:

RQ1. Is there a process of structural divergence and polarisation across EU regions as regards the diffusion of

DS?

A second stream of literature focuses on workers’ DS exploring their determinants as well as
their linkages with the performance of firms, industries, regions and economies. The
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‘individual returns’ of DS have been investigated by Falck et al. (2021) who, relying on the
Programme for the International Assessment of Adult Competencies (PIAAC), find that
DS increase the abstract task content of jobs and decrease their routine and manual task con-
tent, with a final positive impact on workers’ earnings. In parallel, relying on a large sample of
Italian SMEs, Calvino et al. (2022) show the existence of a positive link between high(digi-
tal)-skilled workers and firms’ productivity returns from technology adoption. The complex
and dialectical relationship between (digital) technologies, innovation and skills is explored
by Ciarli et al. (2021). These authors stress the importance of DS formation as an element
allowing organisations to recombine and adapt digital technologies to their specific needs
and characteristics. In turn, the rapidly changing digital landscape requires DS to evolve
and be updated as digital technologies tend to transform the codification of knowledge for
productive and innovative activities. In this respect, digital technologies and skills are increas-
ingly intertwined, integrating complementary physical, intangible and computational tech-
nologies that require, in turn, multiple and varied skills, ranging from STEM to
interpersonal and social skills.

Finally, the role of demand factors and structural peculiarities of sectors in shaping digita-
lisation dynamics across some key European economies has been recently analysed by Reljic
et al. (2021). Testing the impact of digital technologies on European employment and
distinguishing between different professional categories they found that higher digitalisation,
in terms of digital capital deepening, is associated with job creation in the case of managers,
with a reduction in the employment of clerks whose numbers, on the other hand, increase
with greater digital intermediate inputs. From this point of view, the role of sectoral heteroge-
neities in job creation/destruction has been clearly highlighted by Dosi et al. (2021) who have
distinguished the alternative effects on employment dynamics of embodied vs disembodied
technological change. According to the authors, upstream sectors performing R&D activity
are more likely to experience job growth, whereas in the downstream sector, whereby capital-
goods bought from the upstream sector are employed for the production, labour-saving effects
are more likely to emerge. Therefore, the sectoral structure of regions may shape both employ-
ment dynamics as well as the diffusion of skills. The prevalence of science-based and specialised
supplier industries (upstream sectors) more likely correlates with higher skills and job creation,
whereas regional economies grounded on scale-intensive, information-intensive or supplier
dominated industries (downstream sectors) experience job destruction effects specifically in
low-skill jobs affected by process technologies.

Hence, the second research question (RQ2) to be addressed in this paper concerns the
role of key supply, demand and structural factors that may shape the regional diffusion of
DS. In particular, we test whether areas characterised by large shares of high-tech and
knowledge-intensive productions, a significant number of big firms or by a relatively larger
number of patents per capita, all things being equal, are also more abundant in terms of
DS. The overall economic strength of EU regions, in turn, is accounted for by including
value added per employee. Here, the theoretical expectation is quite straightforward: struc-
turally stronger regions are expected to display an equally strong DS endowment, in line with
the arguments put forth by Crescenzi and Giua (2020) and Caravella et al. (2021). The
second set of factors relates to region-specific labour market characteristics: relative shares
of young, tertiary educated, permanent and non-EU workers are accounted for. In this
case, regions characterised by a young, well-educated and stable labour force are expected
to be in a better position to develop and accumulate DS (Kleinknecht, 2020). With no
clear ex-ante expectation about the relative importance of each factor, RQ2 is thus formu-
lated as follows:

RQ2. What are the structural factors contributing the most to the diffusion of DS across EU regions?
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Finally, we pay attention to the role of the EU cohesion policy in shaping regional perform-
ances, explicitly considering the digital transformation and skill upgrading. At present, these
funds represent the EU’s primary tool to support regional development and socio-economic
convergence, accounting for almost 18% of the total EU budget (1.8 trillion euros, including
750 billion euros of the Next Generation EU budget) allocated for the period 2021–2027.
Concerning the extant literature, most of the empirical effort aimed at addressing the
growth-enhancing effect of EU funds. An early attempt to study the economic impact of EU
regional funds is that of Cappelen et al. (2003). He shows that the positive impact of EU
funds is magnified when receiving environments have better skills (in R&D) and a more
advanced economic structure. In the same vein, Rodríguez-Pose and Fratesi (2004) focused
on the weakest regions (Objective 1 regions), finding that, with the exception of investment
in education and human capital, EU funds for infrastructure development and business support
do not exert a significant effect on growth. Different results are reported by Beugelsdijk and
Eijffinger (2005). Focusing on 1995–2001, these authors document the effectiveness of EU
funds in sustaining convergence, especially in the Greek case and regardless of the ‘degree of
corruption’ of the recipients. Applying a growth convergence model to panel data, Esposti
and Bussoletti (2008) discover that the growth-promoting role of EU funds for Objective 1
regions occurs with some delay and is generally quite limited and even negligible or negative
in some regional cases (as in Germany, Greece and Spain). According to Rodríguez-Pose
and Novak (2013), the effectiveness of cohesion and regional policies in fuelling regional growth
has increased over time (between the second and third programming periods) due to a learning
process that has improved the quality of policy design by paying more attention to local con-
ditions and resulting in more effective implementation processes through a progressive shift
in spending priorities.

With a more granular spatial detail (NUTS3), Fratesi and Perucca (2014; 2019) emphasise
the importance of ‘territorial capital assets’, such as high-value functions in economic activities
and human capital, in enabling the growth impact of cohesion policies, pointing out that their
effectiveness is greater when investments are focused on assets that are complementary to those
already present in the region. For Rodríguez-Pose and Garcilazo (2015), a key mediator of the
efficiency of EU spending on regional economic growth is the high quality of local and regional
governments, linked to a high degree of accountability and transparency, with well-trained staff
and led by trustworthy politicians who are aware of the interests of local communities. In line
with previous literature, the recent analysis by Di Caro and Fratesi (2022) shows that the het-
erogeneous effects of cohesion policies may be related to the presence of a number of national
and regional contextual factors, including the level of national development, the quality of
regional institutions and the endowment of regional human capital. Analysing the Italian
case, Giua (2017) reports a positive employment impact of Cohesion Funds in those southern
regions where sectors such as manufacturing, construction, retail trade and tourism play a rel-
evant role. More recently, Crescenzi and Giua (2020) provided new evidence concerning the
spatial concentration of the economic and employment effect of EU cohesion policy.

While broadly reporting a positive impact of EU cohesion and regional funds,1 the empiri-
cal literature points to a highly uneven territorial distribution of their effects. Such heterogen-
eity is related to the uneven distribution of key intervening factors (Brandsma & Kancs, 2015)
– i.e., structural elements related to productive and technological capabilities, institutional
quality, labour supply and skill endowment – and, as recently shown by Dicharry (2023),
by the similarly heterogeneous absorptive capacity of EU regions. To the best of our knowl-
edge, the relationship between EU funds and regional performance in terms of digitalisation,
including the diffusion of DS, is still poorly investigated. This represents a relevant knowledge
gap, as DS may represent a key driver of regions’ technological and structural upgrading. On
the other hand, the digital divide is contributing to deepening the divide between and within-
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country polarisation that has plagued Europe in recent years (Celi et al., 2022). Against this
background, a better understanding of the relationships between different types of EU funds
and DS accumulation at the regional level is an issue of high scientific and policy relevance.
Therefore, such a literature gap paves the way to the third research question (RQ3) addressed
in this paper. In particular, we distinguish between EU funds that are directed at: i) strength-
ening EU’s internal cohesion by supporting member states with a gross national income per
capita below 90% EU-27 average, i.e., the EUCF; ii) supporting member states’ labour and
social policies, including those directly related to the development of skills, i.e., the ESF;
iii) correcting imbalances between the development levels of EU regions including two specific
programmes aimed at supporting regional policies on research and digitalisation, i.e., the
ERDF. An overall positive contribution of the abovementioned EU funds on the ability of
regions to accumulate DS is expected.2 However, relevant heterogeneities are also likely to
emerge. As a result, RQ3 is spelled out as follows:

RQ3. Do European structural and regional funds (EUCF, ESF and ERDF) contribute to the diffusion and

accumulation of DS across EU regions?

All RQs are tested considering DS as a whole (baseline model) and distinguishing, as in Cas-
tellacci et al. (2020), between user, practitioner and developer skills. The most reasonable expec-
tation is that the more sophisticated the skills are (i.e., practitioner and developer) the more they
are characterised by a heterogeneous and polarised distribution. This is mostly due to the
(material, immaterial, individual and collective) costs that have to be borne in order to accumu-
late them as well as to their cumulative nature. By the same token, the more economically and
technologically dynamic regions are expected to show superior performance particularly regard-
ing practitioner and developer DS, given that the user DS tend to be easier to transfer and more
transversely spread.

3. DATA AND DESCRIPTIVE EVIDENCE

3.1. Data
The data used in this article stem from different sources: (i) the European Multilingual Classi-
fication of Skills, Competences, Qualifications and Occupations (ESCO); (ii) the European
Labour Force Survey (EU-LFS); (iii) the European Regional Accounts (EU-REGIO); (iv)
the OECD-REGPAT and (v) the historical EU payments database.

ESCO provides a multilingual classification of European skills, competences, qualifications
and occupations. It allows the matching of occupational profiles to skills, competences and qua-
lifications at a high level of disaggregation. The EU-LFS is the largest European household
sample survey and provides labour market statistics for 35 participating countries over time.
Individual data can be aggregated at the NUTS level since EU-LFS is stratified at the geo-
graphical level. The EU-REGIO maintained by Eurostat provide a regional breakdown for
major aggregates, such as gross value added and household income. The OECD EPO-
REGPAT is a comprehensive dataset providing all patent applications to the European Patent
Office. We rely on inventors addresses to assign patents to all EU regions. Finally, the historical
EU payments database reports regionalised annual EU expenditure data (in current prices then
transformed to 2015 prices) for specific EU funds (ECF, ESF, ERDF).

Information from the above-mentioned sources have been merged at the NUTS2 level in
order to have an integrated database at the European regional level covering 24 countries
divided by 179 regions for 8 years (2011–2018).3 Table A2 in the Appendix in the supplemental
data online shows the composition of the database.
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3.2. Digital skills indicator
The DSIs (digital skill indicators) are computed to measure the level of digitalisation of the
local workforce. The main source is the v.1.0 release of ESCO. For almost 3000 occupations
(or job profiles), a detailed description of about 13,500 representative skills is provided. To
measure the digital intensity of occupations, we applied a three step strategy. First, for each
skill descriptor we identify the words potentially related to the use of digital technologies fol-
lowing the criterion by Chiarello et al. (2021).4 We identify almost 1200 ‘digital skills’
(DSKILL). Each DSKILL is then assigned to a category depending on the degree of pro-
fessional expertise involved:

. user level (309 skills): requiring basic knowledge concerning how to use the technology for
very specific purposes; no specialist expertise needed;

. practitioner level (348 skills): requiring a certain degree of expertise to tailor technology
and adapt it to the on use context;

. developer level (546 skills): requiring significant expertise to design and modify
technology.

As a second step, DSKILL are matched with each 4-digit ISCO occupation (429 individual
occupations). Following Castellacci et al. (2018), we then build the DSI for each 3-digit ISCO
occupation relying on the following formula:

DSIj =
∑Y

y=1 DSKILLSy,j

Ny,j
(1)

where the value of the DSI indicator for each 3-digit ISCO category j is equal to the sum of DS
assigned to the related 4-digit ISCO category y – DSKILLy,j – weighted by the number of
employees belonging to such occupations – Ny,j .

As a third step, we rely on (1) to derive a regional DS indicator. The following weighting
procedure is carried out:

DSIi =
∑N

j=1

(NShij∗DSIj) (2)

where the regional DSIi (2) – i e {NUTS2} – is equal to the weighted average of (1) using the
ISCO 3-digit employment shares – Nshij , i e {NUTS2}, j e {ISCO 3d} – as weights. The lat-
ter is our key measure to assess diffusion and determinants of DS at the EU regional-level.

3.3. Mapping DS
Figure 1 displays the diffusion of DS in the EU between the years 2011 and 2018. DS are highly
heterogeneous across regions. This evidence is coherent with the relationship between digital
divide and structural polarisation between European countries and regions documented in
the literature and illustrated in Section 2. EU regions are in fact heterogeneous in terms of econ-
omic structures, labour market characteristics, education systems and sectoral compositions. DS
turn out to be significantly more concentrated in northern EU regions, particularly Scandina-
vian ones, as compared to southern Europe. Within-country heterogeneity matters too, how-
ever. In fact, non-negligible parts of France, Germany and Italy display a remarkable
intensity in terms of DS. Moreover, distinguishing between users, practitioners and developers
allows the unravelling of additional evidence. Developers are relatively more concentrated in
‘affluent’ high-tech and service-oriented regions. Concerning practitioners, a greater heterogen-
eity is detected. Overall, regions where capitals and big cities are located tend to outperform
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Figure 1. The DSIs across EU regions, annual average (2011–2018).
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inner zones. On the other hand, Germany, Finland, Sweden and the UK show a quite uniform
diffusion of DS.

Do digital skills change over time? Can any convergence/divergence dynamics be
detected? As a very preliminary answer to these questions, Figure 2 displays the association
between DS indexes as measured in 2011 and changes over the 2011–2018 period. The
scatter plot shows a slightly positive relationship between the two variables. Despite
some ‘digital divergence’ seeming to emerge, no clear-cut pattern can be detected. Most
regions are, in fact, located in the middle part of the scatter plot, displaying quite hetero-
geneous trajectories.

Indeed, the dispersion of the DSI (Figure 3) has increased over time with some regions mov-
ing to the right and recording higher concentrations of digital competencies while others seem
to be stuck in the initial positions. Overall, although the distribution is moving to the right,
suggesting a generalised DS upgrading in 2018 with respect to 2011, dispersion is also increas-
ing, lending support to the polarisation hypothesis.5

3.4. Structural dynamics
The diffusion of DS is now further investigated, relying on transition probability matrices
(TPM). This allows the capturing of the degree of convergence/divergence among regions
and, no less relevantly, the relative persistence of their ‘digital status’.

We first briefly introduce the TPM methodology as applied to the DS case. Let’s consider i
and j as the events of being below and above the median value of DSI. The events could be
approximated by a two-state Markov chain with transition probabilities:

P[Xt = i|Xt−1 = j] = [ p (1− p) (1− q) q ] (3)

Figure 2. Changes in the DSI across regions and over time.
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The corresponding AR (1) process for the stochastic variable Xt is the following:

Xt = (1− q)+ rXt−1 + yt

where:

r = p+ q − 1 (4)

Each term of the TPM will be the conditional probability pij = P(It = j|It−1 = i), or the
probability of moving from state j to state i. Based on the estimated transition probabilities
different situations are possible, in the case of a two-dimensional matrix:

i Transient digitalisation: if the sum of the lead diagonal terms is less than 1 there is no
evidence of persistence.

ii Weak digitalisation persistence: if the sum of the main diagonal terms is more than 1 but
some of these terms are lower than 1/n (in this case 0.5).

iii Strong digitalisation persistence, if the sum of the main diagonal terms is more than 1 and
all the main diagonal terms are larger than 1/n (in this case 0.5).

The following table reports the TPMs for both broad DSI as well as developers, prac-
titioners and users. More specifically, the main diagonal informs on the overall rate of persist-
ence, while the second diagonal provides information about the relative importance of barriers
to entry and exit. Overall, we find evidence of strong digitalisation persistence as all terms of the
main diagonal are larger than 0.5 and their sum is more than 1. This first evidence suggests the
presence of intertemporal stability in the accumulation/diffusion of DS (Table 1).

While digitalisation persistence seems to be widespread, some regions have greater chances
to move from a low towards a high digitalisation path. This is the case of the ‘core’ countries:

Figure 3. Distribution of the DSI over time.
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Table 1. TPMs across groups of countries.

DSI
DSI DSI DSI

developers practitioners Users
Yes No Yes No Yes No Yes No

All regions Yes 0.94 0.06 0.94 0.06 0.94 0.06 0.91 0.09
No 0.10 0.90 0.11 0.89 0.10 0.90 0.11 0.89

Yes No Yes No Yes No Yes No
Core (AT; BE; DE; FR; LU; NL) Yes 0.92 0.08 0.92 0.08 0.92 0.08 0.91 0.09

No 0.20 0.80 0.24 0.76 0.18 0.82 0.19 0.81
Yes No Yes No No Yes Yes No

East periphery (RO; HU; HR; SK; CZ; LV; LT) Yes 0.94 0.06 0.90 0.10 0.92 0.08 0.94 0.06
No 0.12 0.88 0.14 0.86 0.11 0.89 0.17 0.83

Yes No Yes No No Yes Yes No
North and Scandinavia (SE; DK; FI; UK; EE; IE) Yes 0.98 0.02 0.99 0.01 0.98 0.02 0.89 0.11

No 0.28 0.72 0.22 0.78 0.22 0.78 0.16 0.84
Yes No Yes No Yes No Yes No

South periphery (CY; GR; IT; PT; ES) Yes 0.89 0.11 0.88 0.12 0.88 0.06 0.90 0.10
No 0.04 0.96 0.04 0.96 0.05 0.94 0.06 0.94
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about 20% moved from below to above the DSI median over the considered time span. This
percentage grows to 24% when it comes to the more complex developers’ skills.

Regions located in the north and Scandinavian EU countries perform even better. Conver-
sely, only 4% of southern European regions have registered a transition over time: 5% for devel-
opers and 6% for users.

Table 2 replicates the exercise focusing on regions distinguished between those classified by
the EC as ‘target regions’ and receiving funds accordingly (during the 2007–2013 period); and
those having no access to these funds. Upon such a very preliminary descriptive inspection,
therefore, it seems that being a target of EU funds is not, as such, a guarantee of DS upgrading.6

4. EMPIRICAL STRATEGY AND RESULTS

We now explore the probability of regions to move from backwardness to digital upgrading
through a multivariate approach controlling, simultaneously, for both structural factors and
EU funds. We rely on a discrete choice panel data model based on the estimator proposed
by Wooldridge (2005) and applied, among others, by Peters (2008) and Antonelli et al.
(2012). While TPMs provide a useful background picture concerning the relative persistence
of regional DS patterns, the following analysis allows the identification of the actual influence
of path-dependency, after controlling for relevant structural and policy drivers.

The dependent variable is regressed against its past realisation (t-1), its initial value (t0) and a
set of relevant controls Xi including, for each region i, information regarding sectoral compo-
sition, average firm size, labour market characteristics and competences, technological capabili-
ties. The dependent variable (DSKILL) is a dummy assuming value one in period t if a region is
above the median of the DSI; and 0 otherwise. Our goal is to capture ‘true state dependence’ in
terms of regions’ DS accumulation controlling, as much as possible, for endogeneity sources
related to observable and unobservable heterogeneity. In particular, endogeneity may arise
due to the correlation between regions’ DS endowments – proxied by DSI at t0 – and unobser-
vable elements which may explain long-term structural differences concerning regions’ econ-
omic, technological and skill-related dynamism. To partly solve this problem, we rely on the
procedure proposed by Wooldridge (2005), specifying the distribution of the unobserved com-
ponent ui conditional on DSI at t0 and on the region-specific time average of the controls
included in Xi. In other words, we use the first ‘realisation’ of the DS indicator (DSIi, 0) and
the time-averaged covariates ( �Xi) as predictors of the individual (regional) effect. The estimated
model can thus be written as follows:

DSKILLi,t = a+ uDSKILLi,t0 + gDSKILLi, t−1 + bXi,t + d �Xi + 1i,t (5)

where for each region i and year t the dummy DSKILLi,t is regressed against its initial value
(DSKILLi,t0 ), its first lag (DSKILLi, t−1), the matrix of covariates (Xi,t) and their region-specific

Table 2. TPMs across groups of target regions (2007–2013).

DSI
DSI DSI DSI

Developers Practitioners Users
Yes No Yes No Yes No Yes No

Target regions Yes 0.93 0.07 0.86 0.13 0.87 0.13 0.92 0.08
No 0.08 0.92 0.10 0.90 0.09 0.91 0.11 0.89

Yes No Yes No No Yes Yes No
No target region Yes 0.94 0.06 0.95 0.05 0.95 0.05 0.91 0.09

No 0.12 0.88 0.11 0.89 0.10 0.90 0.12 0.88

832 Serenella Caravella et al.

REGIONAL STUDIES, REGIONAL SCIENCE



time average ( �Xi). The matrix X includes a first set of structural variables related to the region’s
productive structure: (i) the share of employees in high-tech and knowledge intensive services as
defined by OECD; (ii) the share of employees in large and small companies. A second set of
variables has to do with workforce composition and job characteristics: (iii) the share of employ-
ees with tertiary education; (iv) the share of young workers; (v) the share of workers having per-
manent contracts; (vi) the share of non-EU workers. A third set of variables, in turn, refers to
technological and macroeconomic characteristics proxied by: vii) the number of patents per
habitant and viii) the value added per employee (in logarithm). Finally, a specific test is run
including three variables related to EU funds (see Table 5A for descriptive statistics of variables
included in the analysis): ix) EUCF, ESF and ERDF. Notice that all models have been esti-
mated clustering standard errors at the regional level.

4.1. Results
Table 3 shows the results for different specifications of the model regarding the general DSI (col-
umn 1) as well as the specific indicators for developers (column 2), practitioners (column 3) and
users (column 4). Results support the thesis of high persistence of digital skills since, even after
controlling for all the structural factors included in X, the probability of observing an upgrading
in digital skills (that is, a transition from below-the-median to above-the-median DSI) in period
t is still positively and significantly affected by its previous realisation. In other words, having high
digital capabilities in the previous period is, all things being equal, a strong and significant pre-
dictor of the current DS status. Initial conditions matter too.7 The coefficient associated with the
initial value of DSI is in fact positively and significantly correlated to the dependent variable,
across all specifications. However, when we run the analysis distinguishing between users, prac-
titioners and developers, interesting differences arise. In particular, while persistence is detected
with respect to users and digital developers’ skills, the opposite holds for practitioners. This result
is probably influenced by the peculiar distribution of regions in this specific indicator with respect
to the other two cases. As shown in Figures 1A, 2A and 3A, the distribution of regions for prac-
titioners’ DS is less dispersed and more concentrated around the mean, implying that state
changes are more probable for this category than for the others.

Overall, these results provide a positive answer to our RQ1. The diffusion of DS across EU
regions turns out to be characterised by persistence effects leading to divergence and polarisation
mechanisms. A potential explanation may point to the well-known path-dependent nature of
digital technologies and competences as well as to those largely documented between and
within-country structural polarisation affecting the European economy. A polarisation that
indeed emerges also looking at DS types, particularly concerning users and developers’ skills.
Regions located at the top and bottom of the conditional DSI distribution are in fact very
much likely to keep their status despite the number of economic, technological and labour mar-
ket heterogeneities that are controlled for.

The inclusion of a large set of controls allows testing of the robustness of the relationships
identified between past and current realisation of the digital skill indicators. Turning, therefore,
to our RQ2 we can assess that, among most important factors, the share of employees in high-
tech manufacturing and knowledge intensive services plays a crucial role, except for digital users,
which is not surprising. Regions where most of the high-tech manufacturing and knowledge
intensive activities are concentrated are also likely to show a relatively more intense demand
for practitioners and developers’DS. Basic DS, such as those related to the use of common digi-
tal artifacts, are in turn more widespread across sectors and regions. This evidence is coherent
with the polarisation pattern, documented in Section 4, between core and northern EU regions,
where most of the high-tech manufacturing and services are concentrated.

Similar arguments may apply concerning the positive and significant role of firm size. Since
Schumpeter, it is common knowledge that large firms are the loci where high skills tend to be
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Table 3. Marginal effects of dynamic random effects probit model with unobserved heterogeneity.

DSI Developers Practitioners Users
(1) (2) (3) (4)
b/se b/se b/se b/se

High DSI (lag) 0.073**
(0.031)

High DSI (first period) 0.209***
(0.037)

High DVP (lag) 0.054**
(0.026)

High DVP (first period) 0.173***
(0.035)

High PCT (lag) −0.018**
(0.008)

High PCT (first period) 0.270***
(0.008)

High DSI Use (lag) 0.063*
(0.036)

High DSI Use (first period) 0.314***
(0.059)

Share of employees in HT and KIS 0.011* 0.020*** 0.006** 0.008
(0.006) (0.006) (0.003) (0.006)

Share of employees in large firms 0.231 0.818*** 0.407** −0.072
(0.392) (0.268) (0.192) (0.331)

Share of employees in small firms −0.184 0.697 0.345 −0.620
(0.835) (0.766) (0.447) (0.867)

Share of tertiary educated workers 1.195*** 0.873** 0.892*** 0.528
(0.311) (0.344) (0.253) (0.466)

Share of workers with permanent jobs −0.108 −0.171 −0.011 −0.005
(0.356) (0.379) (0.184) (0.428)

Share of non-EU workers −0.532 0.087 −1.055 −2.823**
(0.774) (0.881) (0.642) −1.228

Share of young workers −0.054 −0.002 −0.170 −0.373
(0.362) (0.333) (0.212) (0.367)

Value added per employee (log) 0.568** 0.298 0.353*** −0.113
(0.263) (0.199) (0.103) (0.331)

Number of patents/population 249.233 286.091 98.004 −346.505
(293.535) (298.029) (190.782) (257.595)

Average share of employees in HT and
KIS

−0.012* −0.017*** −0.005 −0.006

(0.007) (0.006) (0.003) (0.007)
Average share of employees in large
firms

−0.277 −0.850** −0.657*** 0.340

(0.424) (0.348) (0.214) (0.375)
Average share of employees in small
firms

−0.698 −1.855*** −1.538*** 0.080

(0.703) (0.676) (0.361) (0.801)
Average share of tertiary educated
workers

−1.245*** −0.783** −0.855*** −0.652

(0.339) (0.395) (0.271) (0.564)
Average share of workers with
permanent jobs

0.951** 1.083** 0.939*** 0.483

(0.453) (0.445) (0.194) (0.500)

(Continued )
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accumulated and DS are no exception. Several research papers exploring firm-level data (Cal-
vino et al., 2022; Müller et al., 2021) have highlighted that large companies have a significantly
higher probability to adopt digital technologies due to their relatively stronger absorptive
capacity. Our results support this view, highlighting that regions where there is a higher con-
centration of large companies are also favoured in terms of DS accumulation, particularly
when it comes to developers and practitioners’ skills.

Regarding the accumulation of skills, including digital ones, education is of course the most
obvious predictor. This is confirmed by our estimations: regions showing a relatively higher
share of tertiary educated workers are also better positioned in terms of DS, in particular
with regard to developers and practitioners. Indeed, the possibility to fully exploit the potential
of digital technologies, for instance in terms of labour productivity, depends among other factors
on the availability of specific skills and competences usually associated with tertiary education.

Finally, demand seems to matter too, a higher value added per employee is also a strong pre-
dictor of DS accumulation with respect to the broad indicator. When specific digital profiles are
distinguished, it turns out that the ‘demand-pull’ effect plays a role only in the case of prac-
titioners while no significance is detected concerning users and developers.

Hence, the empirical evidence so far explored emphasises three main key factors that are
likely to shape EU regions’ dynamics in terms of DS: (i) concentration of large and high-
tech/knowledge intensive businesses; (ii) presence of a qualified workforce able to virtuously
interact with digital technologies; (iii) a sustained aggregate demand. This suggests that the dif-
fusion of DS in European regions follows a process which is both past and path dependent. As
previously highlighted, past conditions are relevant and robust and tend to favour regional diver-
gence and polarisation processes. However, contingent factors are able to affect the direction
and the dynamics of the digitalisation path followed by regions, suggesting that some form
of convergence can be attained when proper actions are put in place over time.

In this respect, it appears to be of interest investigating how European structural and
regional funds may shape the diffusion and accumulation of DS (RQ3). In order to provide
an answer to this question, we enrich the empirical model specified in (5) by including three
variables proxying the amount spent per inhabitant by three specific European funds (EUCF,
ESF and ERDF).

Table 3. Continued.

DSI Developers Practitioners Users
(1) (2) (3) (4)

Average share of non-EU workers 0.827 0.049 1.371** 2.757**
(0.820) (0.888) (0.640) −1.106

Average share of young workers 0.228 0.853* 0.128 0.227
(0.492) (0.453) (0.248) (0.814)

Average value added per employee
(log)

−0.588** −0.292 −0.446*** 0.019

(0.266) (0.216) (0.103) (0.363)
Average number of patents/population 1084.157** 1137.855** 1596.099*** 786.703

−440.133 −472.902 −242.674 −669.866
Obs 1159 1159 1159 1159
Wald chi2(36) 193.91 153.31 299.86 117.69
Prob> chi2 0.0000 0.0000 0.0000 0.0000
sigma_ 0.8608 11.213 3.2238 1.5540
S.E. (sigma) 0.2249 0.2563 0.3817 0.6737

Note: Clustered robust standard errors in parentheses.
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Table 4. Marginal effects of dynamic random effects probit model with unobserved heterogeneity.

DSI Developers Practitioners Users
b/se b/se b/se b/se

High DSI (lag) 0.074**
(0.031)

High DSI (first period) 0.191***
(0.037)

High DVP (lag) 0.057**
(0.026)

High DVP (first period) 0.154***
(0.034)

High PCT (lag) −0.032**
(0.013)

High PCT (first period) 0.242***
(0.013)

High DSI use (lag) 0.047**
(0.019)

High DSI use (first period) 0.296***
(0.019)

Share of employees in HT and KIS 0.011* 0.021*** 0.008** 0.006
(0.006) (0.007) (0.004) (0.006)

Share of employees in large firms 0.212 0.925*** 0.480** 0.092
(0.425) (0.290) (0.226) (0.318)

Share of employees in small firms 0.168 0.939 0.559 −1.231
(0.840) (0.767) (0.558) (0.908)

Share of tertiary educated workers 1.348*** 0.983** 1.080*** 0.782*
(0.348) (0.435) (0.288) (0.473)

Share of workers with permanent jobs 0.073 −0.115 0.022 −0.272
(0.406) (0.453) (0.236) (0.479)

Share of non-EU workers −0.494 0.070 −1.514** −3.189***
(0.765) (0.888) (0.723) (0.922)

Share of young workers −0.025 −0.064 −0.442* −0.166
(0.397) (0.375) (0.261) (0.428)

Value added per employee (log) 0.667** 0.305 0.626*** −0.120
(0.289) (0.224) (0.131) (0.346)

Number of patents/population 321.650 345.464 228.200 −376.666
(285.233) (287.697) (262.087) (252.787)

ERDF Funds −0.001 −0.001 −0.000 −0.008***
(0.002) (0.002) (0.000) (0.003)

CF Funds 0.004** −0.000 0.003 0.013**
(0.002) (0.002) (0.002) (0.005)

ESF Funds −0.000 0.007 0.005 0.003*
(0.004) (0.005) (0.004) (0.001)

Average share of employees in HT and
KIS

−0.010 −0.014** 0.000 −0.011

(0.007) (0.007) (0.004) (0.007)
Average share of employees in large
firms

−0.084 −0.802** −0.208 0.143

(0.450) (0.352) (0.245) (0.366)
Average share of employees in small
firms

−1.037 −2.224*** −2.173*** 0.274

(0.706) (0.679) (0.404) (0.728)

(Continued )
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It is worth recalling that the EUCF targets only the weakest member states, i.e., those
whose gross national income per inhabitant is less than 90% of the EU average. It aims to
reduce economic and social disparities and to promote sustainable development. The ESF
supports investments to promote employment, human capital and social cohesion. Finally,
the ERDF focuses its investments on key priority areas such as innovation and research,
the digital agenda; it provides support for small and medium-sized enterprises and the
low-carbon economy.

Table 4 clearly shows that the inclusion of the three funds does not alter the main relation-
ships already sketched, overall confirming the presence of persistence patterns across regions in
terms of relative DS intensity. When looking at the broad DSI indicator, results show that only
regions benefitting from the EUCF tend to benefit in terms of higher use of digital capabilities.
However, both coefficients associated with the ESF and ERDF do not show any statistically
significant effect. This result, although it does not represent robust evidence of the existence
of a causal nexus between the considered variables, offers interesting insights that can be further
scrutinised in more dedicated analyses. It is worth underlining that the EUCF turns out to be
the more significant form of support for regions trying to pursue a DS upgrading. While other
funds might have a positive effect on the overall process of digitalisation of EU regions, they
appear to be not particularly effective in shaping a process of convergence between core and per-
iphery regions in terms of DS accumulation. This is even more clear when the specific DS cat-
egories of digital skills are analysed. Results show that the statistical significance of the EUCF

Table 4. Continued.

DSI Developers Practitioners Users
Average share of tertiary educated
workers

−1.342*** −0.895* −1.028*** −0.692

(0.370) (0.480) (0.299) (0.492)
Average share of workers with
permanent jobs

0.446 0.593 0.018 0.913*

(0.492) (0.495) (0.248) (0.508)
Average share of non-EU workers 0.758 −0.025 2.194*** 3.139***

(0.816) (0.901) (0.710) (0.941)
Average Share of young workers −0.137 0.533 −0.064 0.464

(0.535) (0.483) (0.304) (0.547)
Average value added per employee
(log)

−0.660** −0.332 −0.774*** 0.105

(0.277) (0.223) (0.136) (0.345)
Average number of patents/population 870.290** 869.247** 1830.870*** 1051.109***

−408.444 −423.269 −331.086 −344.272
Average ERDF funds 0.001 0.002 0.003*** 0.000

(0.002) (0.002) (0.001) (0.001)
Average CF funds 0.008 0.010* 0.017*** −0.002

(0.005) (0.006) (0.003) (0.005)
Average ESF funds −0.012** −0.029*** −0.027*** 0.006**

(0.006) (0.010) (0.006) (0.002)
Observations 1159 1159 1159 1159
Wald chi2(36) 212.37 180.97 196.96 215.40
Prob> chi2 0.0000 0.0000 0.0000 0.0000
sigma_ 0.7532 0.9346 2.9743 2.0195
S.E. (sigma) 0.2368 0.2277 0.4238 0.2696

Note: Clustered robust standard errors in parentheses.
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variable is mainly driven by its effect on the group of users, which sounds reasonable as it attains
to the more basic domain of digital skills, on which the weakest regions can more easily realise a
catch-up process. Moreover, while for the group of users, the coefficient relative to the ESF
turns out to be (barely) positively significant, the one associated with the ERDF is found to
be negative and statistically significant. A possible interpretation of this outcome is, on the
one hand, that regions receiving a greater amount per capita of ESF, were able to benefit off
dedicated resources on skills and human capital which is a main target of this type of support
programme. On the other, the greater concentration (and effective use) of resources on key
areas, including innovation and digital transformation, which is required by law for the most
developed regions with respect to less advanced ones, might have exerted a divergent rather
than a convergent effect. This might explain why those weakest regions receiving a greater
level of ERDF per capita increase their relative distance in terms of users of digital skills
with respect to the most advanced regions.

5. CONCLUSIONS

This study provides new empirical evidence on regional patterns of digitalisation in Europe
during the decade 2011–2018. In particular, the analysis focused on the distribution of DS
across EU regions, by developing a regional digital skill index starting from the ESCO tax-
onomy. The DSI is a synthetic measure of the local DS endowment of EU regions and basi-
cally reflects the occupational composition of regions based on the degree of digitalisation
knitted within the employed workforce. The paper offers a rich set of descriptive evidence
based on the regional distribution of the DSI, as well as an econometric analysis which
allowed us to appreciate the actual role of structural elements and EU policies in shaping
the path of regional digital upgrading while controlling for the past dependency of such
phenomenon. Furthermore, we investigated the link between EU policies and the intensity
of use of digital skills. In particular, we found a positive correlation between EUCF and
superior regional DSI performance. Similarly, the ESF turns out to be an effective lever of
the digital upgrade, but statistically weaker if compared to the EUCF. Both, EUCF and
ESF, are positively related to the diffusion of ‘digital-friendly’ occupations regarding basic
and elementary digital skills. This result is coherent with their objectives to support employ-
ment, help people find better jobs and ensure more equal employment opportunities, paying
particular attention to the less skilled workforce, such as young people and the long-term
unemployed (Colnot and Pellegrin, 2019). However, we detect a negative and statistically sig-
nificant link between the ERDF and the above median DSI-users indicator, suggesting that
the greater concentration and effective use of resources on innovation and digitalisation strat-
egies for the most developed regions with respect to less advanced ones, might have exerted a
divergent rather than a convergent effect.

Overall, the analysis suggests that regional convergence, also with respect to digital perform-
ance, is still a goal far from being achieved. Undoubtedly, the pandemic has accelerated the digi-
talisation process across regions but the digital polarisation between and within countries
remains. However, the proposed analysis offers some indication on the direction to be pursued
in order to reverse the polarisation trend and open up a path of (digital) rebalancing across
regions. In particular, policies promoting the higher education sector and the local availability
of digital competences, as well as structural changes enabling the local development of knowl-
edge-intensive sectors, favouring the growth of firms’ dimension and improving infrastructural
conditions, appear to be relevant (Ciarli et al., 2021).

In this direction, the national Recovery and Resilience Plans (RRPs) represent the main pol-
icy tool to achieve the digital transition, with almost 26% of the spending allocated, to date, to
the digital transition. Based on the EU’s broadband strategy to lead the ‘Gigabit society’ by
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2025, many RRPs provide actions to ensure the right environment and conditions for the
deployment of advanced digital – very high-capacity – networks (i.e., Gigabit connectivity,
5G coverage, Internet connectivity of at least 100 Mbps) among key adopters (i.e., schools, hos-
pitals, public administrations, terrestrial transport path, enterprises and households) and rural
and remote areas. This is a pre-condition to close the digital gaps across Europe, but comp-
lementary policy actions have to be launched to effectively achieve this goal. For instance, policy
support should positively influence the demand-side of digital adoption, especially regarding
firms. In this respect we notice that many industrial plans implemented in the context of
RRPs are based on individual fiscal benefit to promote digital investments in the framework
of Industry 4.0. Based on this mechanism, the territorial distribution of public resources follows
a spontaneous path that basically mirrors the spatial location of the productive base. This means
that less developed areas, such as the Italian Mezzogiorno and other peripheral areas of Europe,
are not provided with the right conditions, in both quantitative and qualitative terms, to maxi-
mise the potential of the digital transformation. This implies that, in these areas, firms are, on
average, weaker concerning their economic, technological and organisational profiles. These
conditions, taken together, hamper the uptake of digital solutions by the private sector, slowing
down the overall digital performance of the region. To remove these barriers, industrial policy
measures aimed at enlarging and enhancing the local productive base should complement the
actions on broadband infrastructures. With specific regard to the local workforce, less developed
or declining areas often give rise to young and, not infrequently, highly skilled workers who
move to richer regions or countries to find better job opportunities (Ciarli et al., 2021). In
this context, increasing the demand for advanced (digital) skills to be employed in local public
and private organisations would mitigate the migration process and favour the digital upgrading,
with an increase in aggregate competitiveness and an improvement in the quality of both private
initiatives and public services. This must go hand in hand with a more systemic and holistic
logic, in which LIS (or RIS) can perform as ‘digital hubs’ where advanced industries and knowl-
edge-intensive services interact with higher education institutions and qualified public
administrations.
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NOTES

1 According to Ehrlich and Overman (2020) the economic and employment impact of cohe-
sion and regional funds remains an open empirical question, as the available evidence is charac-
terised by a significant degree of heterogeneity. This is partly due to the heterogenous quality of
the adopted data sources as well as to the number of econometric approaches the different con-
tributions rely on (Dicharry et al., 2019).
2 A number of studies have focused on the impact of EU funds on regional growth and con-
vergence (among others, Crescenzi, 2009; Maynou et al., 2016; Psycharis et al., 2020). To the
best of our knowledge, however, no contribution has yet focused on the relationship between
EU funds and regions’ DS endowment.
3 As compared to the index proposed by Castellacci et al. (2018), our DS indicator is based on
a broader set of skills (nearly 1200 skills reported in the ESCO database instead of 69). This
allows capturing, in a more detailed way, of the level of complexity characterising DS, e.g.,
DS associated to the implementation of elementary (digital) activities or those related to com-
plex activities like those associated to the development of new technologies.
4 We improve the set of words proposed by Chiarello et al. (2021) relying on synonyms,
alternative expressions, roots and acronyms ending up with 75 items (Table 1 in Appendix).
Notice that to build our occupation-level indicator we considered the absolute number of digital
skills rather than the relative one (i.e., the ratio of DS over the total number of skills describing
an occupation). By considering a relative measure, in fact, we would have risked underestimating
the actual ‘digital content’ of more complex occupations characterised by a relatively larger num-
ber of skills.
5 In the Appendix in the supplemental data online, Figures A1, A2 and A3 show digital dis-
tributions for each specific indicator.
6 In the Appendix in the supplemental data online, Tables A3, A4 and A5 show TPMs by
terciles, at the top 15% and 25% of the DSI distributions.
7 This evidence is coherent with what Cicerone et al. (2022) found concerning the relationship
between AI knowledge and green tech specialisation of regions. The authors show that AI
knowledge may help in promoting the green-tech specialisation of regions, provided that
they were already green-tech specialised in the past.
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