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Abstract

This study provides a multidimensional assessment of digitalization in the European Union
and its relationship with socioeconomic inequality. It introduces a revised composite
index based on the Digital Economy and Society Index (DESI) designed to overcome
limitations of the existing framework. The analysis aims to provide a reliable measure
of digitalization across EU Member States in order to describe trends, digital divides,
and progress towards the Digital Decade 2030 targets. It further develops a case study on
Italy, including a regional analysis to capture sub-national differences. Finally, it examines
the relationship between digitalization and socioeconomic inequality with the objective of
informing policy-relevant discussions on sustainable technological progress.

Methodologically, the study constructs a digitalization index by critically reviewing and
drawing on DESI and Eurostat data. An analogous metric is developed at the Italian
regional level using multiple official sources. In addition, a composite inequality index
is constructed to capture disparities in income, education, and job opportunities. The
econometric analysis relies primarily on fixed-effects models to investigate the associa-
tion between digitalization and inequality, controlling for key economic and institutional
factors.

Despite overall improvements in digitalization, progress remains slower than required to
meet the 2030 targets, and significant divides persist across EU countries. In Italy, dig-
italization reflects unrealized potential and pronounced North–South disparities. Digital
public services emerge as the dimension most consistently associated with reductions in
inequality, with evidence supporting an equalizing channel despite data limitations. By
contrast, the association between business digitalization and inequality appears to be con-
ditional: inequality-reducing patterns observed in low-skilled contexts weaken and may
reverse in high-skilled settings, in line with the theory of skill-biased technological change.
These findings highlight the importance of context-sensitive digital policies to support in-
clusive and balanced growth.

Keywords: Digitalization, Digital divide, Socioeconomic inequality, European Union





Abstract in italiano

Questa tesi analizza l’andamento della digitalizzazione nei Paesi dell’Unione Europea e la
relazione che essa ha con la disuguaglianza socioeconomica. Lo studio introduce un indice
composito basato sul Digital Economy and Society Index (DESI) che mira a superarne
le limitazioni. L’analisi punta a produrre una misura affidabile di digitalizzazione per i
Paesi dell’Unione Europea, così da descrivere trend, divari e il progresso verso gli obiettivi
posti dalla Digital Decade per il 2030. Inoltre, sviluppa uno studio sull’Italia che include
un’analisi regionale. Infine, esamina la relazione tra digitalizzazione e disuguaglianza con
l’obiettivo di informare il dibattito sulle politiche per uno sviluppo tecnologico sostenibile.

Dal punto di vista metodologico, lo studio costruisce un indicatore composito di digitaliz-
zazione estraendo dati da DESI ed Eurostat. Un indicatore analogo è sviluppato a livello
regionale per l’Italia utilizzando diverse fonti ufficiali. Inoltre, un indicatore composito
di disuguaglianza rappresenta la disparità in reddito, istruzione e opportunità lavora-
tive. L’analisi econometrica si basa principalmente su modelli a effetti fissi per stimare
l’associazione tra digitalizzazione e disuguaglianza, controllando per i principali fattori
economici e istituzionali.

Nonostante il miglioramento nella digitalizzazione complessiva, il progresso è lento in
relazione agli obiettivi per il 2030, e persistono divari tra Paesi Membri e tra regioni
italiane, con una marcata divisione Nord–Sud. I servizi pubblici digitali emergono come
la dimensione più robustamente associata a riduzioni della disuguaglianza, con risultati
a supporto di una possibile relazione causale, pur con limitazioni nei dati. La relazione
tra digitalizzazione delle imprese e disparità dipende dal contesto: il potenziale effetto di
riduzione delle disuguaglianze nei Paesi con basse competenze digitali diminuisce e può
persino invertirsi nei Paesi con alte competenze, in linea con la teoria dello skill-biased
technological change. Questi risultati sottolineano l’importanza di politiche sensibili al
contesto per supportare una crescita bilanciata e inclusiva.

Parole chiave: Digitalizzazione, Divario digitale, Disuguaglianza, Unione Europea
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1| Introduction

Digitalization has been defined as “the transformation of the socioeconomic environment
through processes of digital artifact adoption, application and utilization” (Gradillas &
Thomas, 2023, p. 113). This definition is particularly meaningful because it captures
the pervasive nature of digitalization, indicating that it extends far beyond technological
advancement. Indeed, digitalization represents one of the most significant developments
of the modern era and is characterized by three features that explain its prominence in
academic and policy debates. First, the diffusion of digital technologies has been global,
although uneven across countries and regions, as shown in Figure 1.1 (World Bank, 2023).

Figure 1.1: Share of population using the Internet, by country income group (high, upper-
middle, lower-middle, and low income). Source: (World Bank, 2023).

Second, digital applications have progressively permeated nearly every aspect of society.
Through direct technological change and wider indirect effects, they have reshaped busi-
ness models, everyday life activities, and interactions between citizens and governments.
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Third, digitalization is an ongoing and cumulative process: earlier digital technologies act
as catalysts for the development and diffusion of complementary innovations, generating
continuous and rapid change. Recent advances in Artificial Intelligence provide a clear
illustration of this dynamic, as foundational digital technologies have enabled the expan-
sion of the Artificial Intelligence field, with the computing power used to train AI models
growing exponentially (Stanford HAI, 2025). Figure 1.2 shows an upward linear pattern
on a logarithmic scale, which indicates sustained exponential growth in training compute,
highlighting the compounding and accelerating nature of technological development.

Figure 1.2: AI model training compute over time. Source: (Stanford HAI, 2025).

Such a pervasive phenomenon promises substantial benefits in terms of productivity, in-
novation, and access to services, yet its effects remain debated with respect to whether
it ultimately promotes or hinders inclusive and sustainable growth (George et al., 2012).
In particular, digitalization has the potential both to reduce and to exacerbate existing
socioeconomic disparities (Duanmu et al., 2025; Sun et al., 2025). This work aims to
extend the existing literature by analyzing the relationship between digitalization and
socioeconomic inequality from multiple perspectives and levels of granularity.

Given its growing importance and far-reaching consequences, public institutions over the
past decade have increasingly converged on the view that digitalization represents a central
policy priority. According to the United Nations Conference on Trade and Development
(UNCTAD, 2025), all developed countries and a rapidly growing number of developing
economies have adopted a national digital strategy, as illustrated in Figure 1.3. In this
context, the present thesis highlights the importance of generating evidence to inform the
expanding set of policies aimed at managing digital transformation and fostering inclusive
growth.
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Figure 1.3: Share of countries with national digital strategies. Source: (UNCTAD, 2025).

Digital monitoring and policies have been particularly prominent within the European
Union, which constitutes the focus of this thesis. From 2014 to 2022, the European
Commission published annually the Digital Economy and Society Index (DESI), a tool
designed to monitor Member States’ digital performance and to help guide investments
toward areas of relative weakness (European Commission, 2016). In 2023, the Digital
Decade Policy Programme was formally launched, with the aim of strengthening the DESI
framework through more harmonized and consistent indicators and by setting explicit
digitalization targets for the Union to be achieved by 2030 (European Parliament and
Council of the European Union, 2022). This thesis builds on this context by addressing
some limitations of the current framework and by providing a detailed assessment of
digitalization levels and trends across European Member States.

The analysis is carried out at different levels of aggregation and from multiple perspectives,
with the aim of capturing digitalization as a complex and multidimensional phenomenon.
In doing so, the thesis seeks to contribute to a clearer understanding of the two core
objectives of the Digital Decade programme: reducing digitalization gaps across countries
and increasing the overall pace of digital transformation within the Union.

However, uniform and rapid digitalization cannot be the only objectives, as the benefits
and risks of digital transformation depend strongly on how it is implemented and on the
context in which it takes place. For this reason, it is important to understand which
dimensions of digitalization have the strongest impact on socioeconomic inequality and
how they interact with each other, alongside underlying structural conditions. To address
these questions, this work relies on an econometric analysis, which is interpreted in light
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of recent empirical findings as well as well-established yet increasingly relevant theoretical
contributions. For instance, the theory of skill-biased technological change suggests that
technological progress may increase inequality when its benefits disproportionately accrue
to highly skilled workers while disadvantaging others (Acemoglu, 2002). Drawing on these
theoretical insights, the thesis aims to better understand the contemporary dynamics of
digitalization and their socioeconomic implications.
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2.1. Digitalization: concept and dimensions

Digitalization has become a defining driver of contemporary economic, social, and insti-
tutional transformation, reshaping how individuals communicate, how firms operate, and
how public administrations deliver essential services. Its growing relevance is visible across
multiple empirical contexts: digitalization contributes to economic resilience and organi-
zational upgrading (Fan & Li, 2025), interacts with patterns of regional development and
rural-urban integration (Yang et al., 2025), and forms a structural component of how
territories develop and organize institutional capacity (de Bruyn et al., 2025). As digi-
tal technologies permeate everyday processes of work, governance, and social interaction,
digitalization has evolved from a purely technological phenomenon into a core dimension
of contemporary development. At the same time, such a pervasive process cannot be cap-
tured through a single indicator, and the literature reflects this by identifying a variety
of domains that constitute digitalization. Different studies emphasize different aspects,
with some focusing on technological and infrastructural components (Billon et al., 2009)
and others highlighting organizational or sectoral features within firms and institutions
(Benedetti et al., 2025; Lei et al., 2025). However, most studies examine these domains
separately, concentrating on one aspect at a time rather than assessing how different di-
mensions of digitalization coexist or interact. This thesis seeks to address this limitation
by adopting a multidimensional approach that brings together the various components of
digitalization and enables a more integrated understanding of how they jointly evolve and
interact with other variables.

A first foundational dimension of digitalization concerns the availability and diffusion of
ICT infrastructure. Early comparative studies already showed that digital development
does not advance through isolated technologies but through the combined evolution of
several interconnected infrastructural components (Billon et al., 2009). Recent studies
show that digital infrastructure is a central component of digital development and a key
factor in explaining rural-urban disparities. Lei et al. (2025) demonstrate this clearly in
their analysis of Chinese provinces, where substantial gaps in rural digital infrastructure
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persist despite overall technological progress. Zola (2025) identifies connectivity, which
represents a key operational dimension of digital infrastructure, as the most influential
component in municipal-level assessments of digitalization and highlights its foundational
role in enabling other digital capabilities. Together, these studies show that infrastructure
and connectivity form the technological foundation upon which the broader process of
digitalization builds.

A second core digital area is represented by the capabilities that enable individuals to use
digital technologies effectively. Bardin (2021) emphasizes that the ability to operate digital
tools constitutes a separate and essential domain without which digital infrastructure
cannot translate into meaningful technological engagement. This domain encompasses a
range of elements and cannot be captured by a single indicator, as Asmar et al. (2022) show
that it involves not only technical skills but also attitudes toward technology, autonomy
of use, and everyday digital practices. Empirical studies further underscore the role of
these capabilities in shaping digital readiness: Mesa (2023) shows that the effective use of
digital public services depends strongly on users’ educational background and prior digital
experience, while Morte-Nadal and Esteban (2025) highlight digital skills training as a
prerequisite for navigating digital government platforms. These contributions indicate
that digital skills form a complex and multidimensional component of digitalization that
shapes how individuals engage with digital technologies.

Digitalization can also be studied from the point of view of firms integrating digital tech-
nologies into their organizational processes and production activities. Benedetti et al.
(2025) show that firms differ markedly in their levels and forms of digital adoption, with
technological readiness varying across sectors, regions, and firm sizes. Related studies fo-
cus on how digital transformation affects internal firm dynamics: for instance, Sun et al.
(2025) conceptualize digital transformation as a process that alters organizational struc-
tures and labor arrangements within firms, while Zhang et al. (2024) examine how the
adoption of digital technologies contributes to upgrading firm-level capabilities and human
capital. At a broader level, Shen et al. (2025) distinguish between digital industrializa-
tion and industrial digitalization, situating firm digitalization within wider production
systems and technological change. Overall, the literature on firm-level digitalization has
predominantly examined internal organizational and productive transformations within
firms, focusing on changes in work organization, capabilities, and performance. Broader
societal or distributional implications are typically treated as indirect or downstream ef-
fects. This thesis complements the existing literature by extending the analysis beyond
the firm itself and explicitly examining how firm-level digital adoption relates to external
socioeconomic outcomes.
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The last core dimension of digitalization concerns the digital transformation of public
administrations and institutions. Research on public-sector digitalization increasingly
treats this process as extending beyond the mere availability of online services to include
a broader set of elements that shape how digital public services are implemented and
used, including digital skills, user interaction, social drivers, institutional support, and
service outcomes (Morte-Nadal & Esteban, 2025). From a governance perspective, Djat-
miko et al. (2025) frame public-sector digitalization within the concept of sustainable
e-government, emphasizing that limited digital literacy, infrastructural gaps, and insti-
tutional barriers can hinder effective adoption and highlighting the role of coordinated
policy efforts and capacity-building measures in strengthening digital governance. From
the citizen perspective, Mesa (2023) shows that engagement with digital public services
is strongly shaped by education, prior experience, and trust in public administration,
indicating that institutional digitalization depends on how services are designed and ex-
perienced in practice. Complementing these contributions, Traversa and Ivaldi (2025) op-
erationalize public-sector digitalization through a regional e-government indicator aligned
with national recovery objectives, highlighting substantial variation in institutional digital
readiness across administrations.

In this context, digital public services have the potential to increase value for society by
reducing transaction costs, increasing transparency and access to data, and simplifying ad-
ministrative procedures in citizen–state interactions, thereby lowering the effort required
to access public programs (Buyannemekh et al., 2024). This is especially important be-
cause administrative burdens affect disproportionately disadvantaged groups (Moynihan
et al., 2015). In sum, literature associates the digitalization of public administrations
with several complementary aspects and other dimensions of digitalization.

The recognition of digitalization as a multidimensional phenomenon has led recent em-
pirical research to rely increasingly on composite indicators that combine several aspects
of digital development into unified measurement frameworks. A wide range of studies
construct multidimensional indices to capture different facets of digitalization, including
national and regional digital development indices (Ciacci et al., 2025), municipal-level dig-
ital indicators (Zola, 2025), and sectoral or rural digitalization frameworks that integrate
multiple components of digital progress (Lei et al., 2025; Yang et al., 2025). While these
approaches reflect a shared understanding that composite indicators are better suited to
adequately represent the complexity of digitalization, they also exhibit important limita-
tions. Existing indices frequently differ in conceptual scope, rely on indicators that are not
consistently available across countries or over time, or are tailored to specific territorial or
institutional settings. This constrains their suitability for harmonized cross-country and
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longitudinal analysis.

To enable a comprehensive and comparable assessment of digitalization across Member
States, the European Union introduced the Digital Economy and Society Index (DESI),
which brings together a broad set of indicators covering multiple dimensions of digital
development within a single monitoring framework (European Commission, 2016). This
effort has been further consolidated under the Digital Decade Policy Programme, which
builds on DESI by establishing a stable indicator framework, regular and comparable data
collection across all Member States, and clear targets for digital transformation by 2030
(European Parliament and Council of the European Union, 2022). Progress within this
framework is monitored through publicly available dashboards and periodic reporting,
enhancing transparency and cross-country comparability (European Commission, 2025a).
By introducing consistent indicators, shared targets, and transparent monitoring tools,
the Digital Decade establishes a solid institutional baseline for the empirical analysis of
digital development in Europe. Building on this framework, the present thesis constructs
a composite digitalization indicator using data from the Digital Decade database. The
indicator retains the four core pillars of the Digital Decade: digital infrastructure, digital
skills, digital transformation of businesses, and digital public services. At the same time,
by selecting the most relevant and consistently available indicators within this structure,
the proposed index aims to address key limitations of existing composite measures and
provide a robust foundation for the subsequent analysis of digitalization and socioeco-
nomic inequality in the European Union.

2.2. Digital divide and socioeconomic inequality

Research on digitalization has gained prominence not only because of its transformative
potential for economic and institutional development, but also because of growing con-
cerns about how the benefits of technological progress are unevenly distributed across
populations and territories (Wang et al., 2025). These distributional concerns are com-
monly framed through the concept of the digital divide, which is widely understood as
a multidimensional phenomenon encompassing inequalities in access to digital infrastruc-
ture, differences in digital skills and capabilities, and disparities in the ability to use
digital technologies in meaningful ways (Asmar et al., 2022; Bardin, 2021). The digital
divide literature provides a conceptual foundation for analyzing how uneven digital de-
velopment may translate into broader socioeconomic inequalities, which are examined in
the subsequent theoretical discussion.

Digitalization is theorized to affect socioeconomic inequality through multiple, partly
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contrasting mechanisms. A prevalent view in the literature associates digitalization with
economic progress and emphasizes its potential to reduce inequality by improving pro-
ductivity, expanding economic opportunities, and supporting human capital upgrading
(Abbas & Zaman, 2024; Kamalu & Wan Ibrahim, 2024). Zhang et al. (2024) shows that
the development of the digital economy enhances income distribution among industries
and reduces inter-industry income disparities through increases in total factor productivity
and improvements in the quality of human capital. Related contributions similarly high-
light that digitalization can mitigate income inequality when it facilitates skills diffusion,
broadens access to productive technologies, and operates within supportive institutional
and educational environments (Duanmu et al., 2025; Liang et al., 2025).

At the same time, the literature also identifies mechanisms through which digitalization
may exacerbate socioeconomic inequality. A central category of dynamics highlighted in
this strand of research concerns skill-biased technological change, through which digital
technologies increase the relative demand for skilled labor while displacing or transforming
routine and low-skilled tasks, leading to widening wage differentials (Roncone, 2025; Yeo
& Jung, 2024). Closely related, digitalization can reinforce capital–labor asymmetries
by favoring firms and workers with greater access to digital capital, advanced skills, and
organizational capabilities, thereby amplifying existing income and productivity gaps (Sun
et al., 2025).

These contrasting mechanisms have led to a growing strand of the literature explicitly fo-
cusing on the conditional nature of the relationship between digitalization and inequality,
shifting attention from whether digitalization affects inequality to how it is implemented
and under which conditions its effects are inclusive. Antonietti et al. (2025) find that
greater access to digital technologies may be associated with higher income inequality at
the regional level, but that this relationship is significantly mitigated in contexts charac-
terized by strong formal and informal institutions. Similarly, Gyau et al. (2025) document
a non-linear relationship between digitalization and income inequality across OECD coun-
tries, highlighting that digitalization initially reduces inequality, but may exacerbate it
beyond certain thresholds if not accompanied by supportive policies. Evidence from China
further reinforces this view: Liu et al. (2024) show that the inequality-reducing effects
of digitalization are stronger in less developed regions, but only when governments in-
vest in digital infrastructure and education. These studies highlight the different factors
influencing the distributional effects of digitalization, and they provide a strong founda-
tion for this thesis while also leaving room for further research on which specific digital
development strategies are most effective in reducing socioeconomic inequalities.

A further limitation of the existing literature concerns the way inequality is conceptual-
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ized and measured. Most empirical studies focus primarily on income inequality as the
main outcome of interest, but research increasingly acknowledges that digitalization is
closely intertwined with other dimensions of social stratification, such as education, so-
cial participation, and well-being. For instance, Asmar et al. (2022) conceptualize digital
inequality as co-evolving with income, education, agency, and well-being, while Goedhart
et al. (2022) show that limited digital access is associated with reduced feelings of belong-
ing and self-confidence. Evidence from specific contexts further illustrates how digital
engagement relates to psychological well-being and social inclusion in differentiated ways
(Diana et al., 2025). By concentrating almost exclusively on income-based measures,
much of the literature risks overlooking important channels through which digital devel-
opment intersects with broader patterns of inclusion and exclusion. Building on these
insights, this thesis extends existing work by explicitly incorporating multiple dimensions
of socioeconomic inequality into the outcome space, allowing for a more comprehensive
assessment of the distributional consequences of digital development.

2.3. Digitalization and inequality in Europe

As this thesis focuses on the European Union context, this section reviews the existing
empirical research on digitalization and socioeconomic inequality with particular atten-
tion to studies conducted in Europe. While valuable theoretical insights are drawn from
evidence across different global contexts, the most closely related contributions are those
that share a comparable institutional and policy environment and are therefore based in
European countries.

Empirical evidence from Europe shows that the relationship between digitalization and
socioeconomic inequality is complex and heterogeneous. Several European studies docu-
ment that specific forms of digital development are associated with lower income inequal-
ity, particularly when digitalization enhances digital skills and supports the integration of
digital technologies into firms’ productive activities (Au, 2024). At the same time, other
contributions find that digitalization may coincide with rising inequality within countries
or regions, especially when digital activity is concentrated in high-skilled, technology-
intensive segments of the economy (Capello et al., 2024; Castaldo & De Bonis, 2023).
These mixed findings indicate that digitalization does not generate uniform distributional
outcomes across European contexts. Instead, empirical results vary depending on the level
of analysis, the dimensions of digitalization considered, and the institutional and terri-
torial settings in which digital transformation unfolds (Antonietti et al., 2025; Biurrun,
2020).
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Similarly to the broader international literature, European empirical research has tra-
ditionally associated the distributional effects of digitalization primarily with income
inequality, with relatively limited attention to other dimensions of socioeconomic dis-
advantage. Only a small but growing number of European studies extend the empirical
analysis beyond income-based measures, examining how digital disparities relate to social
inclusion, well-being, and labor market engagement. For instance, Goedhart et al. (2022)
show that limited digital access is associated with lower feelings of belonging and self-
confidence among individuals in European contexts, highlighting non-monetary forms of
digital exclusion. Evidence from Italy further suggests that digital engagement is linked
to psychological and cognitive well-being in differentiated ways across urban and rural
populations (Diana et al., 2025). Focusing on younger cohorts, Bettencourt et al. (2025)
document that digital competencies are positively associated with socio-emotional skills
and more active approaches to labor market participation among disadvantaged youth
in Europe. While still limited in scope, this emerging strand of empirical work suggests
that the inequality implications of digitalization extend beyond income alone. Building
on these contributions, the present thesis aims to contribute to this developing litera-
ture by adopting a multidimensional perspective on socioeconomic inequality within the
European context.

A substantial share of the European empirical literature adopts a regional or territorial
perspective, highlighting how digitalization develops unevenly within countries and con-
tributes to spatial disparities. Regional analyses document persistent differences in digital
infrastructure, connectivity, and adoption that often mirror broader economic and social
divides. Using a municipal-level adaptation of DESI, Zola (2025) shows that even in highly
digitalized regions such as Emilia-Romagna, digital development remains territorially frag-
mented, with connectivity emerging as a key driver of local digital performance. Broader
comparative evidence confirms pronounced north–south and urban–rural patterns in dig-
ital development and associated deprivation across European regions (González-Relaño
et al., 2024; Marino et al., 2023). At the same time, this body of work is characterized by
considerable heterogeneity in measurement approaches, relying on ad hoc indicators or
case-specific indices that limit cross-regional comparability or a multidimensional perspec-
tive (Traversa & Ivaldi, 2025). In the Italian context in particular, despite growing inter-
est in territorial digital disparities, the Italian government does not provide a harmonized
monitoring tool based on a consistent multidimensional framework that systematically
captures digitalization across all regions. This gap motivates the present thesis to con-
struct a regional digitalization index aligned with the European measurement structure,
enabling a more consistent analysis of territorial digital divides and their relationship with
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socioeconomic inequality.

Overall, the European empirical literature documents a nuanced and heterogeneous re-
lationship between digitalization and socioeconomic inequality, shaped by differences in
digital dimensions, territorial contexts, and institutional conditions. While existing stud-
ies provide valuable insights, they remain fragmented in terms of measurement approaches,
levels of analysis, and the inequality outcomes considered. In particular, the predominance
of income-based indicators and the limited availability of harmonized, multidimensional
measures constrain the ability to assess the broader distributional implications of dig-
ital development in a systematic and comparable way. These limitations motivate the
empirical strategy adopted in this thesis, which combines a composite, multidimensional
measure of digitalization with a broader conception of socioeconomic inequality across
European regions. The next section describes the data sources, indicator construction,
and methodological framework used to address these gaps.
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3.1. Overall Research Design

At the highest level, this work aims to design a robust, relevant, and informative analytical
framework to complement and improve the current efforts of the EU Digital Decade. The
central objective is to highlight the multidimensional nature of digitalization in order to
better understand how it evolves across its main pillars (Digital Skills, Digital Transfor-
mation of Businesses, Digital Infrastructure, and Digital Public Services) and how these
dimensions interact with socioeconomic inequality. Inequality is also conceptualized as a
multifaceted phenomenon and is therefore captured through a composite index combining
job-related, education-related, and income-related indicators. As discussed in the previous
chapter, this joint multidimensional approach represents one of the main methodological
innovations of the thesis. In contrast to much of the recent literature, which tends to
focus on single dimensions of either digitalization or inequality, this framework allows for
a more comprehensive view while providing a detailed analysis of specific channels as well
as of interactions across dimensions.

The research design is structured in three main stages. First, a descriptive analysis of
digitalization in the European Union is conducted, highlighting cross-country differences,
recent trends, and the EU’s position relative to the Digital Decade targets for 2030.
Second, the analysis moves to a deeper examination of the Italian context, focusing on
regional digital disparities through an original indicator developed to mirror the European
Digital Decade index at the regional level. Finally, an econometric analysis is performed
to study the relationship between digitalization and inequality across EU Member States.
This statistical analysis is carried out at different levels of aggregation and using multiple
model specifications to explore heterogeneous effects, identify potential mechanisms, and
formulate testable hypotheses. A set of robustness checks is included to support the
reliability of the empirical findings.

The methodological approach is complemented by a systematic interpretation of the em-
pirical results with the aim of deriving policy-relevant insights. While remaining cautious



14 3| Methodology

about causal claims given the limitations of the data, the analysis seeks to translate the
statistical evidence into actionable considerations for digital and social policy, particularly
in relation to the coordination of digital investments.

3.2. Data Sources and Index Construction

The thesis relies on digitalization indicators drawn from the EU Digital Decade frame-
work. A key methodological contribution is the construction of a new digitalization index
that preserves the four-pillar structure of the Digital Decade while restricting the set of
indicators to those that are relevant, comparable, and consistently available across coun-
tries and over time. This selection strategy is intended to improve both the efficiency and
the interpretability of the index, limiting distortions arising from heterogeneous scales or
incomplete data coverage. In line with the objective of ensuring data homogeneity, only
observations from 2021 to 2024 are included. Prior to 2021, the European Union had
not yet collected data using fully consistent indicators across all dimensions, while data
for 2025 are not yet available and are expected to be published in mid-2026. Including
additional years would therefore be either infeasible or methodologically inappropriate.

Most of the data used to construct both the digitalization and inequality indicators were
retrieved from the Eurostat database (see Appendix A.1 and Appendix A.3). Eurostat
was selected as the primary source due to its harmonized methodology and comprehensive
coverage of European Union Member States, which is essential for cross-country compa-
rability. Alternative sources, such as the World Bank, were considered but used more
selectively, as they often presented missing observations for specific countries or years.
Nevertheless, a limited number of indicators from the World Bank and other official
sources were employed as control variables when complete and reliable information was
available.

In addition to the EU-level analysis, the thesis introduces a Regional Digitalization Index
for Italy (Regional DESI), designed to mirror the structure of the European Digital Decade
indicator at the NUTS 2 level. The full list of indicators included in the Regional DESI is
reported in Appendix A.2. The main data source for this exercise was Istat, complemented
by information from other official institutions such as Agcom for infrastructure-related
indicators and Eurostat when regional-level data were available. This combination of
sources made it possible to construct a coherent snapshot of digitalization patterns across
Italian regions, highlighting territorial disparities and regional divides.

When data were missing for specific years, a linear interpolation or short-horizon fore-
casting procedure was applied. While this represents a limitation of the analysis, it was
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necessary for selected key indicators collected on a biennial basis, such as the “Share of
individuals with at least basic digital skills”, which is also one of the official EU Digital
Decade targets for 2030. For indicators of this type, which typically evolve gradually
rather than exhibiting abrupt annual fluctuations, linear interpolation provides a reason-
able approximation of intermediate values while preserving the underlying trend. This
approach allows the panel structure to remain balanced without introducing artificial
volatility or excluding relevant dimensions from the analysis. In addition, the use of a
composite index mitigates the impact of these approximations, as potential measurement
errors in individual indicators are partially offset by the broader aggregation structure of
the index.

For the Regional DESI, some important indicators such as Artificial Intelligence use and
enterprises providing ICT training were not available at the regional level but only for
broader macro-areas (North-West, North-East, Center, South, and Islands). Given the
relevance of these indicators within the European Digital Decade framework, they were
included by assigning the same value to all regions within the corresponding macro-area.
Although this assumption limits the precision of within-area regional comparisons, it re-
mains informative for the analysis of broader territorial patterns, such as the North–South
divide. Any potential bias is attenuated by including other region-specific indicators.

3.3. Descriptive and Comparative Analysis

Before proceeding to the econometric analysis, the study conducts an extensive descrip-
tive and comparative analysis of digitalization patterns in the European Union and within
Italy. This step serves two main purposes. First, it provides a structured overview of how
digitalization is distributed across countries, pillars, and time, highlighting key disparities,
spatial patterns, and temporal dynamics. Second, it informs the subsequent economet-
ric analysis by identifying relevant dimensions, sources of heterogeneity, and potential
channels linking digitalization and socioeconomic inequality.

At the European level, the descriptive analysis is based on the newly constructed Digital
Decade–based index and its four constituent pillars. The analysis examines countries’
individual performances, variations over time, and digital divides across dimensions, en-
abling systematic cross-country benchmarking. This allows the identification of persistent
gaps between countries, as well as areas where convergence or divergence is emerging. The
descriptive analysis also studies the European Union’s performance as a whole relative to
its strategic objectives. By comparing current levels of digitalization with the 2030 Digi-
tal Decade targets, the analysis highlights gaps between present performance and policy
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ambitions, as well as the uneven pace of progress across dimensions. This comparison
is particularly relevant for the econometric analysis, as it helps contextualize the results
and supports more actionable policy implications. At the same time, it provides insights
into limitations and potential improvements of the Digital Decade framework in terms of
measurement and target design.

A second layer of descriptive analysis focuses on Italy. Using the same conceptual frame-
work adopted at the EU level, the analysis compares Italy’s digitalization performance
with similar countries and with the European average, identifying areas where Italy per-
forms relatively well, dimensions where it is converging, and domains where significant
gaps remain. This country-level perspective complements the cross-country analysis by
illustrating how Italy fits into the broader European digital landscape. To further ex-
plore territorial heterogeneity, the analysis introduces the Regional Digitalization Index
(Regional DESI) for Italy. This index enables a systematic examination of digital divides
across Italian regions, both overall and within individual pillars, facilitating the identi-
fication of spatial clustering and concentration of digitalization outcomes. This regional
perspective is especially relevant given Italy’s well-documented North–South divide and
provides a richer understanding of how digitalization unfolds within national borders.

To visualize and communicate European and Italian insights effectively, the descriptive
analysis relies on a combination of static and interactive tools. Static graphs were devel-
oped by linking the dataset to PowerPoint charts to provide clear snapshots of digital-
ization levels, trends, and gaps. In parallel, interactive visualizations were created using
Power BI as a tool for exploratory data analysis (EDA), as it allowed the inspection of
specific areas of the dataset to detect outliers, spatial clustering, and temporal dynamics
that may not be immediately visible in static representations. Through Power BI dash-
boards, digitalization data can be explored dynamically from different perspectives and
levels of detail, varying year, pillar, and country. This enhances transparency and facili-
tates future research. Choropleth maps proved particularly useful in this context, as they
enabled an intuitive, color-based representation of digital divides across both European
countries and Italian regions.

The descriptive and comparative analysis lays the foundations for the econometric investi-
gation that follows. By documenting the multidimensional structure of digitalization and
its uneven distribution across countries, this section motivates the choice of econometric
models and helps contextualize the empirical relationships examined in the subsequent
chapters.
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3.4. Econometric Analysis

The empirical analysis of the relationship between digitalization and socioeconomic in-
equality is conducted using panel data econometric techniques. The choice of a panel
framework is motivated by the structure of the dataset, which combines observations
for multiple European Union Member States over several years, and by the need to ac-
count for both cross-country heterogeneity and temporal variation. Panel methods allow
the analysis to exploit within-country changes over time while controlling for unobserved
country-specific characteristics that may influence both digitalization and inequality.

The Hausman test was performed to assess the appropriateness of random-effects versus
fixed-effects models. Although the test does not reject the random-effects estimator, the
core empirical strategy relies on fixed-effects estimation to control for the presence of
substantial structural, institutional, and socioeconomic differences across Member States.
Fixed-effects models control for time-invariant country characteristics, such as welfare
state regimes, labor market institutions, educational systems, and long-standing gover-
nance structures, which are likely to be correlated with both digitalization levels and
inequality outcomes. By focusing on within-country variation, the fixed-effects approach
isolates the association between changes in digitalization and changes in inequality within
the same country over time, reducing the risk of bias from omitted structural factors.

The econometric analysis proceeds in several steps. First, baseline models estimate the
relationship between an aggregate digitalization index and a composite measure of socioe-
conomic inequality. This initial step provides a broad assessment of whether digitalization,
considered as an overall phenomenon, is associated with inequality dynamics. Given the
short time dimension of the panel, the analysis primarily focuses on contemporaneous as-
sociations rather than dynamic specifications, as lagged models would rely on only three
years of data and are therefore more unstable.

Second, the analysis moves beyond aggregate indices and exploits the multidimensional
structure of digitalization by estimating separate models for each of the four Digital
Decade pillars: digital skills, digital infrastructure, business digitalization, and digital
public services. This pillar-level approach allows the identification of heterogeneous ef-
fects across different dimensions of digitalization and avoids masking potentially offsetting
mechanisms within a single composite indicator. A similar logic applies to inequality,
which is treated not only as an aggregate index but also, where relevant, through its
individual components, such as education-related and work-related indicators.

Third, motivated by insights from the literature suggesting non-linear and conditional
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effects, the econometric analysis incorporates interaction terms to explore whether the
impact of digitalization depends on contextual factors. Interaction models are used to
examine how the relationship between business digitalization and inequality varies with
the level of digital skills. This approach allows the analysis to test hypotheses derived
from the theory of skill-biased Technological Change, according to which technological
adoption may have different distributional effects depending on the skill composition of
the workforce.

Throughout the econometric analysis, standard errors are clustered at the country level
to account for serial correlation and heteroskedasticity within countries over time. Time
fixed effects are included to control for common shocks affecting all countries in a given
year, such as macroeconomic conditions, EU-wide policy initiatives, or global technolog-
ical trends. These choices ensure that the estimated relationships reflect within-country
variation while accounting for both structural country characteristics and common time
effects.

3.4.1. Model Specification

The econometric analysis was carried out in STATA. Before running the models, the
European Union aggregate values included in the dataset for descriptive purposes were
dropped, as they are mechanically correlated with the values of individual Member States.

The inequality indicators were standardized prior to aggregation because they are ex-
pressed on different numerical scales and exhibit heterogeneous variances. In particular,
each individual indicator was transformed into a z-score by subtracting its sample mean
and dividing by its standard deviation. The standardized indicators were then averaged
to construct the composite inequality index. This procedure ensures that each dimension
contributes equally to the composite measure, independently of its original scale.

The baseline empirical specification relates socioeconomic inequality in country i at time
t to digitalization, controlling for common time effects and unobserved country-specific
factors. The general fixed-effects model can be expressed as:

Inequalityit = β1Digitalizationit + γt + αi + εit (3.1)

where Inequalityit denotes the composite inequality index, Digitalizationit represents ei-
ther the aggregate digitalization index or one of its components, γt are year fixed effects
capturing common shocks across countries, αi are country fixed effects, and εit is the
idiosyncratic error term.
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In the first set of models, digitalization is measured using the composite Digital Decade
index, providing an overall assessment of the association between digitalization and in-
equality. To better reflect the different time horizons through which digitalization may
operate, the aggregate index is then decomposed into two sub-components: Enabling
Factors and Results Achieved. Enabling Factors include indicators that capture potential
digital capacity, such as infrastructure availability and formal ICT training, while Results
Achieved focus on effective usage and realized outcomes, such as internet use. This dis-
tinction allows the analysis to test the contemporaneous association with realized digital
performance rather than potential performance, which may have slower effects.

The model is then further disaggregated by estimating separate regressions for each of
the four Digital Decade pillars. This pillar-level specification takes the following form:

Inequalityit = β1Pillarit + γt + αi + εit (3.2)

where Pillarit alternately represents digital skills, digital infrastructure, business digi-
talization, or digital public services. Estimating these models separately avoids multi-
collinearity among closely related digitalization dimensions and allows the identification
of heterogeneous effects that may be obscured in aggregate specifications.

To explore potential mechanisms, additional models replace the composite inequality in-
dex with specific inequality components, such as the share of young people not in em-
ployment, education or training (NEET) and the share of early leavers from education.
These specifications help identify which dimensions of inequality are most responsive to
changes in specific forms of digitalization, particularly digital public services.

Finally, to investigate conditional and non-linear effects, interaction models are intro-
duced. In particular, the relationship between business digitalization and inequality is
modeled as a function of digital skills:

Inequalityit = β1Businessesit + β2Skillsit

+ β3(Businessesit × Skillsit) + γt + αi + εit (3.3)

Prior to constructing interaction terms, the relevant variables were mean-centered to
improve interpretability and reduce multicollinearity between interaction terms and their
main effects. In this specification, the coefficient on business digitalization captures its
association with inequality at the average level of digital skills, while the interaction term
indicates how this relationship changes as digital skills increase or decrease. Marginal
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effects and margins plots are subsequently used to visualize and interpret these conditional
relationships.

Across all specifications, time fixed effects are included to absorb year-specific shocks, and
standard errors are clustered at the country level to allow for arbitrary serial correlation
and heteroskedasticity within countries. This modeling strategy ensures internal consis-
tency across specifications while allowing flexibility to test different hypotheses on the
digitalization–inequality nexus.

3.4.2. Robustness Analysis

To assess the stability and reliability of the empirical results, a series of robustness checks
were conducted using alternative specifications, additional control variables, and different
estimation techniques. Given the relatively short time dimension of the panel, robustness
analysis plays a particularly important role in evaluating whether the main findings are
sensitive to modeling choices or driven by omitted factors. At the same time, these
exercises are subject to the limitations imposed by the short timeframe of the panel and
must therefore be interpreted with appropriate caution.

A first set of robustness checks extends the baseline fixed-effects specifications with ad-
ditional control variables capturing key macroeconomic and institutional characteristics.
Specifically, the models include GDP per capita (GDPpcit), a composite governance qual-
ity score (Govit), and public expenditure on social protection (SPit). The corresponding
specification can be written as:

Inequalityit = β1DPSit + β2Govit + β3SPit + β4GDPpcit + γt + αi + εit (3.4)

where DPSit denotes Digital Public Services, Govit captures governance quality, SPit

represents social protection expenditure, and GDPpcit is GDP per capita. Year fixed
effects γt control for common shocks affecting all countries in a given year, while αi

captures time-invariant country-specific characteristics.

These variables account for differences in economic development, institutional capacity,
and redistributive effort that may independently influence inequality outcomes. The in-
clusion of these controls does not alter the core results: digital public services retain a
negative and statistically significant association with both the composite inequality index
and youth-related inequality measures, and the interaction between business digitalization
and digital skills remains stable in sign and significance. This suggests that the estimated
effects are not merely reflecting broader economic or institutional conditions.
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To address concerns related to endogeneity and reverse causality, System GMM estima-
tions were implemented as an additional robustness check. Endogeneity may arise if
improvements in digital public services are correlated with unobserved factors that also
affect inequality, such as time-varying reform intensity, macroeconomic adjustment pro-
cesses, or evolving political priorities. Moreover, reverse causality cannot be excluded, as
countries experiencing reductions in inequality may be more willing or better positioned
to invest in public sector digitalization.

The System Generalized Method of Moments (System GMM) estimator, developed by
Blundell and Bond (1998), extends the difference GMM approach by jointly estimating
equations in first differences and in levels. This framework is designed for dynamic panel
models and relies on lagged values of endogenous variables as internal instruments under
appropriate moment conditions.

In order to make the dynamic specification feasible and allow the estimator to exploit
an additional time period for instrumentation, data from 2020 for digital public services
and inequality indicators were retrieved. This extension was not possible for the other
digitalization dimensions.

The dynamic specification can be expressed as:

Inequalityit = δInequalityi,t−1 + βDPSit + γt + εit (3.5)

where the variables are defined as in eq. (3.4), and Inequalityi,t−1 denotes the lagged de-
pendent variable capturing persistence in inequality over time. The inclusion of the lagged
term allows the model to account for dynamic adjustment effects and path dependence
in inequality dynamics.

The inclusion of 2020 allows the dynamic specification to rely on a five-year time span,
which still lies close to the lower bound of what is generally regarded as suitable for
dynamic panel GMM estimation. Moreover, the cross-sectional dimension is inherently
constrained by the European Union context, as the analysis includes 27 countries, a
number that is modest relative to the large-N settings in which System GMM is typically
applied. For these reasons, the results must be interpreted with caution, and particular
attention is devoted to the instrument count. As highlighted in the literature, excessive
instruments may overfit endogenous variables and weaken the Hansen test (Roodman,
2009). The instrument matrix is therefore restricted by limiting lag depth and collapsing
instruments, thereby mitigating the risk of instrument proliferation and improving the
reliability of the overidentification tests.
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Several diagnostic tests are conducted to assess the validity of the model. First, the
Arellano–Bond test for serial correlation is applied to verify the absence of second-order
autocorrelation in the differenced residuals. Failure to reject the null hypothesis of no
second-order serial correlation is required for the validity of the instruments. Second,
the Hansen and Sargan overidentification tests are used to evaluate the overall validity of
the instrument set, assessing whether the instruments are jointly exogenous and correctly
specified. The number of instruments is also monitored relative to the number of countries,
in line with common applied practice, in order to limit concerns related to instrument
proliferation.

Within this framework, the System GMM estimates provide an additional robustness
check of the fixed-effects results for Digital Public Services. While the limited sample
size requires cautious interpretation, the diagnostic tests and restricted instrument strat-
egy aim to ensure that the estimates are not mechanically driven by reverse causality or
omitted-variable bias. By contrast, when applying the same dynamic specification to the
business–skills interaction term, the estimates prove unstable and statistically insignif-
icant, possibly because the available time horizon could not be extended in the same
way.

Overall, the robustness analysis supports the stability of the main empirical patterns. The
negative association between digital public services and inequality proves stable across
multiple specifications and estimation strategies. At the same time, the limits of the data
clearly emerge for more complex dynamic or interaction-based models, which are therefore
interpreted with appropriate caution.
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Analysis

4.1. Exploratory Analysis of Digitalization

Digitalization, because of its innovative nature, is fast-changing in its definition, and it is
difficult to identify key indicators that are stable over time while still capturing the essen-
tial aspects of technological development. This, together with the other methodological
limitations discussed in the thesis, restricts the descriptive analysis to the 2021–2024 pe-
riod. These years are nonetheless sufficient to provide a snapshot of the most recent
situation and to obtain meaningful insights into temporal dynamics within the European
Union.

The descriptive analysis is carried out through static PowerPoint graphs, which allow for
impactful visualization of trends and values, and through interactive Power BI graphs
derived from dynamic dashboards. These dashboards display different configurations and
can be adjusted to change the perspective across countries, years, pillars, and indicators.
This approach represents a useful tool for exploratory data analysis, as it helps identify the
pillars and countries with the most relevant dynamics and enables benchmarking across
Member States. At the same time, it can also be useful in the future for other users,
ensuring transparency, reproducibility, and the possibility to extend the research.

The ultimate goals of the descriptive analysis are to identify areas where targeted policies
or closer attention may be needed and to inform the subsequent econometric analysis by
suggesting appropriate regression models and relevant variables. The first exploratory
step is conducted through choropleth maps, in which darker shades of blue correspond to
higher overall levels of digitalization (see Figure 4.1).
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(a) European Union, 2021. (b) European Union, 2024.

Figure 4.1: Overall digitalization levels across EU Member States.

Comparing the maps representing the situation in the European Union in 2021 and 2024,
some clear patterns of territorial differences and spatial clustering immediately emerge.
In particular, Northern countries consistently appear as the leaders in digitalization: Den-
mark, Sweden, Finland, and the Netherlands are all positioned among the top five per-
formers in both years, confirming a stable pattern of high digital development in the
Northern part of the Union. By contrast, south-eastern countries remain on the lower
tail of the distribution. Bulgaria, Greece, and Romania consistently occupy the lowest
three positions in both years, indicating persistent difficulties in catching up with the rest
of the Union. The strong performance of the Iberian Peninsula is also noteworthy, with
Spain being almost at the level of Northern countries and Portugal reaching comparable
levels in recent years.

These patterns appear far from random, as countries in similar regions often share cultural,
institutional, and historical characteristics. This supports the hypothesis that digitaliza-
tion is intertwined with broader structural and economic aspects of society. These results
provide an important indication for the econometric analysis, suggesting that a fixed-
effects regression model is appropriate, as it controls for country-specific, time-invariant
factors and unobserved heterogeneity such as long-standing economic conditions and in-
stitutional settings.

4.2. Digitalization in the European Union

From an intertemporal comparison with 2023, the overall performance of the Union im-
proved across all digitalization indicators. However, for almost all of them, the improve-
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ment was marginal, generally in the range of a few percentage points, which is concerning
when considered in relation to the 2030 targets set by the Digital Decade policy pro-
gramme. The only pillar showing a marked improvement was the Digital Transformation
of Businesses, which recorded a substantial increase in the share of SMEs with basic digi-
tal intensity, even though the definition of this indicator can vary over time. In addition,
the proportion of firms adopting Artificial Intelligence almost doubled, rising from 8% to
13%. In this area, the target is to have 90% of SMEs adopting digital technologies and
75% integrating Artificial Intelligence, Cloud services, or Big Data analytics. This share
stood at 55% in 2023, while for 2024 only data on Artificial Intelligence adoption were
collected.

Targets for digital infrastructure are particularly ambitious, aiming for 100% 5G cover-
age and complete gigabit connectivity. Progress in this area is visible, with 5G coverage
increasing from 89% to 94%, but challenges remain. FTTP and VHCN coverage reached
69% and 82%, respectively, up from 64% and 79% in 2023, suggesting that while improve-
ments are ongoing, reaching the targets will require sustained acceleration. Similarly, the
public services area is characterized by slow progress and challenging objectives; as an
additional limitation, the targets are less precisely aligned with the indicators. The main
goals are to achieve full online availability of key services and universal access to e-health
records and electronic identification. The e-health indicator reached a score of 83, up from
79, while digital public services for citizens increased by three points, reaching 82. The
misalignment stems from the fact that electronic identification is not currently directly
measured and that many relevant public service measures do not have a corresponding
target.

The most concerning results emerge from the Digital Skills pillar. The target share of
individuals with at least basic digital skills by the end of the decade is 80%, yet the
indicator remains almost stagnant and far from this objective. Data are collected every
two years, so precise values are not available for 2024. Where available, the most recent
2025 data are briefly referenced to assess whether the observed trajectory persists. The
share increased from 53.9% in 2021 to 55.6% in 2023, indicating an improvement of less
than one percentage point per year. Data for 2025 confirm the slow pace of this trend,
with a moderate increase to 60%. The share of ICT specialists in employment also shows
weaker-than-desired progress, rising from 4.8% to 5%, against a target of approximately
10%. Figure 4.2 summarises the comparison between 2023 and 2024 values across pillars
and illustrates the distance from the 2030 targets.
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Figure 4.2: EU 2023 and 2024 performance and progress toward 2030 targets.

In parallel with the digitalization performance of the European Union as a whole, a bal-
anced and just technological transition also requires monitoring digital divides across and
within countries, as digitalization is particularly prone to creating significant gaps. Over-
all, the difference between the best- and worst-performing country decreased from 24 to
20 percentage points, and all countries recorded an improvement compared to the previ-
ous year. This was especially the case for countries at the lower end of the distribution,
which contributed to a reduction in overall divides. The distribution of country rankings
for 2023 and 2024 is presented in Figure 4.3.

(a) EU 2024.

(b) EU 2023.

Figure 4.3: Overall digitalization scores across Member States in 2023 and 2024.
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However, a more in-depth analysis reveals substantial divides driven by pillar-specific
heterogeneity. For instance, in the areas of Public Services and Infrastructure, the best-
performing countries are close to a perfect score, with values of 96 and 97 for Spain and
Estonia, respectively, while a pronounced gap of more than 30 percentage points emerges
relative to the worst-performing countries, namely Greece at 63 and Romania at 60. Even
more concerning are the divides observed in the Skills and Business areas, where Bulgaria
records values that are roughly half of those of the top-performing country in terms of
skills, at 28% compared to Finland at 56%, and even lower relative to the country with
the highest level of business digitalization, at 23% compared to Denmark at 52%. An
overview of these gaps is displayed in Figure 4.4.

Figure 4.4: Gaps between countries across the four digital pillars.

This analysis highlights the importance of adopting a multidimensional approach to the
study of digitalization in order to obtain an integrated assessment and to more precisely
identify areas requiring improvement. In particular, digital pillars provide distinct per-
spectives through which enabling factors and outcomes of digitalization can be examined,
and unbalanced technological progress can limit the overall benefits of strong performance
in a limited number of indicators.

4.3. The Italian Case

The Digital Decade policy programme sets targets for the European Union as a whole, but
a focus on individual countries is also necessary, as national governments play a crucial
role in shaping technological progress and in integrating a common view on digitalization
shared by all Member States with country-specific constraints, requirements, and needs.
Italy was selected as a case study because it is the focus of related research at the Digital
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Innovation Observatories of Politecnico di Milano and because it represents a structurally
relevant case, combining strong industrial and technological capabilities with persistent
regional disparities and unrealized digital potential. The country also represents a par-
ticularly interesting case from which several insights can be drawn.

One of the most striking elements is that, despite being one of the largest economies
in the European Union, Italy occupies a weak relative position, ranking 23rd in overall
digitalization out of 27 Member States. The country performs below the European av-
erage in almost all digitalization indicators, with only limited signs of improvement or
convergence. The most concerning result emerges in the area of digital public services,
where Italy is the second worst-performing country. In this pillar, the gap has widened
compared to recent years and the country’s relative position has worsened.

The strongest pillar is digital infrastructure, where performance is broadly in line with
the European average and, in some areas, even leading. In particular, Italy records a
99% 5G coverage rate and shows significant improvements in FTTP coverage. These
developments are highlighted in the 2025 Digital Decade Country Report as among the
most notable achievements, as they have moved Italy from a below-average to an above-
average position over recent years (European Commission, 2025b). Similarly, a positive
development can be identified in the expansion of access to e-health services, one of the
only encouraging trends within digital public services. This progress has been largely
driven by substantial investments in the Fascicolo Sanitario Elettronico and other digital
health initiatives financed through the Recovery and Resilience Fund. For example, in
2023 digitalization in public health received EUR 2.2 billion, representing an increase
of 30% compared to 2021 and more than 46% compared to 2020 (Osservatori Digital
Innovation del Politecnico di Milano, 2022; Regione Campania, 2025).

From a Digital Skills perspective, signs of convergence towards the European average
are limited and emerge only in Internet Use, where the gap narrowed from 7.1 to 3.6
percentage points between 2021 and 2024. Figure 4.5 illustrates selected indicators in
which Italy shows relative improvements or convergence dynamics compared to the EU
average.
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Figure 4.5: Italy’s best trends against the EU average.

Next to some encouraging trends, several areas for improvement can be identified. First,
the share of individuals with at least basic digital skills, which, as discussed, represents
one of the key indicators linked to the 2030 targets, is well below the European average
and follows an even more stagnant trend than the aggregate Union indicator. Digital
skills also show concerning results in relation to the share of enterprises providing ICT
training, which is one of the few indicators to record a lower value in 2024 than in 2021.
The Country Report identifies limited adoption of Artificial Intelligence by Italian busi-
nesses as one of the main challenges, as this indicator did not increase as rapidly as in
other Member States and risks generating a significant gap in breakthrough technologies
(European Commission, 2025b). This outcome is particularly disappointing given that
Italy is considered a leader in strategic technologies such as quantum computing and
semiconductors (European Commission, 2025b).

Finally, the digitalization of public services appears to suffer primarily in dimensions
related to service quality rather than access or availability. For example, Italy ranks last
in Mobile Friendliness and, more importantly, performs well below the European average
in Transparency of digital public services. These indicators are crucial for translating
availability into effective use, as they enhance users’ trust in and benefits from digital
public interactions (Mesa, 2023). The extent of these gaps is illustrated in Figure 4.6.
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Figure 4.6: Italy’s worst trends against the EU average.

These results cannot be considered satisfactory for any country, and even less so for
one with Italy’s potential. In particular, Italy is among the three countries, together
with Spain and Greece, that received the largest per capita budget allocations from the
Recovery and Resilience Facility and the Cohesion Policy for digital objectives (European
Commission, Joint Research Centre, 2025). This makes a structured and in-depth analysis
essential in order to obtain the most comprehensive overview possible and to inform policy
decisions on how to best allocate and target these resources. A crucial component of
such an analysis, especially in the Italian case, is the regional-level perspective, which
allows differences in performance across highly heterogeneous areas of the territory to be
examined.

4.3.1. Regional Analysis in Italy

Italian regions are characterized by strong heterogeneity across almost all dimensions,
including urban–rural population density, demographic structure, cultural factors, and
other structural characteristics. This heterogeneity is often reflected in different paces of
technological progress, making it essential for policy to be informed by, and to specifically
target, regional digital divides. In order to study digitalization at the regional level in a
way that is comparable to the previous section, a Regional DESI was constructed using
data from Istat, Eurostat, Agcom, and other official sources. In an effort to make the
newly developed index as comparable as possible to the revised index adopted in the rest
of the study, the Regional DESI was designed to replicate all indicators included in the
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European counterpart using identical or, where not possible, closely aligned measures. The
outcome was largely successful, with 12 out of 20 European indicators finding a perfect
or highly comparable match in the regional index. The resulting overall Italian score is
54 in the Regional DESI, close to the country-level value of 55, although some differences
emerge in the Business and Public Services pillars. Moreover, five out of the eight missing
indicators belong to the digital public services area. This gap was partially addressed by
integrating the Front-office and Back-office dimensions of the Digital Maturity Index, a
municipal-level assessment developed by the Digital Innovation Observatory of Politecnico
di Milano.

Although the analysis incorporates a substantial set of relevant and comparable indicators,
most data are available only for 2024, which limits the possibility of analyzing trends
over time. As a result, the regional analysis focuses on a snapshot of the most recent
situation. Nonetheless, this perspective still allows for meaningful insights, as illustrated
by the ranking of regions according to overall digitalization. When regions are compared
in aggregate terms, a clear pattern of territorial polarization emerges: all Northern and
Central regions, with the exception of Valle d’Aosta, perform above the national average,
while all Southern regions fall below it. This pattern can be interpreted as the outcome of
long-standing differences in economic conditions, labor market opportunities, and other
contextual factors that have historically placed Northern regions at an advantage in terms
of technological development. The North–South divide has been a central topic in the
Italian context since the end of the nineteenth century, and digitalization represents both
an opportunity to bridge this gap and a potential driver of the deepening of existing
inequalities. In this respect, the fact that several Southern regions, as well as the “outlier”
Valle d’Aosta, are characterized by higher levels of rurality links this evidence to the
broader literature on the role of digitalization in addressing the rural–urban divide. In
fact, unbalanced digital development may contribute to widening gaps, while targeted
policies could support convergence and promote more cohesive territorial development.

Figure 4.7 highlights these results visually: as previously mentioned, the intensity of
the blue is proportional to the average level of digitalization, revealing a clear spatial
concentration, with strong performance in the north-eastern part of the country and
weaker outcomes in Southern regions.
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Figure 4.7: Choropleth map of regional digitalization levels in Italy. Darker shades of
blue correspond to higher overall levels of digitalization.

Interestingly, the region with the highest score, Emilia-Romagna, is also the focus of re-
search on internal digital divides at the municipal level (Zola, 2025). This commitment
to the study of digitalization suggests that analysis should be conducted across differ-
ent perspectives and levels of detail. Moreover, sustained attention to digital divides
and technological development, together with close collaboration with digital innovation
observatories at Politecnico di Milano, may represent one of the factors contributing to
Emilia-Romagna’s leading performance in the most recent year.

Differences in absolute terms may appear less pronounced, with a 13-point gap in average
digitalization. However, this is largely driven by Italy’s overall low level of digitalization
as one of the worst-performing countries in the European Union, rather than by effective
regional balance. Moreover, similarly to the European-level analysis, a more granular
perspective reveals insights that are not visible when focusing on averages alone. For
instance, indicator-level disaggregation highlights the areas in which regional gaps are
most pronounced. One of the most striking disparities concerns the share of individuals
using the Fascicolo Sanitario Elettronico, a key component of the e-health dimension of
digital public services. Several regions remain below the 10% threshold, with Marche
recording a value as low as 1%, while others exceed 30%, with Emilia-Romagna reaching
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65%. In a context where Italy is investing heavily in e-health to converge towards the
European average and policy targets, such gaps risk slowing down the overall positive
trend.

In the area of Digital Skills, the share of individuals with at least basic digital skills remains
one of the most relevant indicators for ensuring effective participation in digitalization.
In Calabria, this share stands at 31.4%, only slightly above half of the value observed
in the best-performing region, Trentino-Alto Adige, at 59.9%. For the other European
target related to skills, namely ICT specialists as a share of employment, the Regional
DESI relies on a proxy indicator, market demand for ICT specialists as a percentage
of job advertisements. This indicator reaches 10.1% in Lazio, likely influenced by the
presence of the capital city, Rome, while it falls to 3.8% in Marche, corresponding to
almost one third of the highest value. These differences raise concerns regarding future
levels of digitalization and the ability of regional labor markets to support technological
advancement.

While the European Commission recommends that Italy strengthen efforts to promote
the adoption of Artificial Intelligence by businesses, national policy should also address
disparities in more basic digitalization functions, such as the use of e-commerce by firms.
In some regions, this share is as low as 10.75%, compared to 31.08% in the best-performing
region, resulting in a substantial gap. As already highlighted in the national-level analysis,
Italy’s strongest pillar is digital infrastructure, which displays more uniform outcomes
across regions. Within this pillar, FTTP coverage is the most heterogeneous indicator,
reaching 85% of households in Molise and only 57% in Valle d’Aosta. The magnitude of
these regional disparities across pillars is summarised in Figure 4.8.

Figure 4.8: Gap between the highest- and lowest-performing regions for the indicator with
the largest disparity in each pillar.
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Alongside several concerning regional gaps, some indicators display a relatively uniform
distribution across territories. These indicators ensure that citizens can access basic ben-
efits of digitalization and may serve as foundations upon which further technological
progress can be built. Unsurprisingly, the digital infrastructure pillar includes the indi-
cator with the smallest regional gap, as the share of households with internet access at
home ranges only from 78.5% to 89.3%. Similarly, the proportion of individuals using
the internet at least once a week varies between 73.5% and 85.4%. Completing this set
of basic digital foundations, the share of enterprises with internet access is consistently
high across regions, ranging from 79% to 97%. In contrast, Digital Public Services once
again represent a critical area. Italy already ranks second to last at the European level,
and even the smallest regional gap observed for a basic indicator, namely the share of
individuals interacting online with public administration to retrieve information, remains
substantial. In this case, the highest value, at 43.6%, is double the lowest one, at 21.6%.
At the same time, a relatively balanced indicator can be identified in the use of the Fas-
cicolo Sanitario Elettronico by medical professionals, which exceeds 90% in 17 out of 20
regions. However, Valle d’Aosta represents a clear outlier, with a value of only 47%, gen-
erating a wide gap relative to regions that reach full adoption. Figure 4.9 presents these
indicators that display a more homogeneous distribution across regions.

Figure 4.9: Gap between the highest- and lowest-performing regions for the most balanced
indicator in each pillar

In conclusion, Italy faces significant challenges in its attempt to catch up with the rest
of the European Union, as sustainable and equitable technological progress cannot be
achieved without taking into account the specific needs of different territories. Building on
the consolidated foundation of basic digital access and widespread digital infrastructure,
the government must ensure that digitalization translates into effective use by improving
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citizens’ skills, strengthening interaction with public administration, and supporting digi-
tal adoption by businesses. Addressing these dimensions in a coordinated way is essential
to avoid leaving regions behind and to fully realize the potential benefits of the country’s
substantial digital investments.
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5| Digitalization and Inequality in

the EU: Empirical Results

5.1. Empirical Strategy and Baseline Results

This chapter presents the empirical analysis of the relationship between digitalization
and socioeconomic inequality in the European Union. The analysis relies on panel data
econometric techniques and is implemented using the STATA statistical environment. The
dataset was constructed specifically for this study by combining indicators of digitalization
with multiple measures of inequality drawn from official European statistical sources.

The final dataset is organized in long format, with each observation corresponding to a
unique country–year combination. For each observation, the dataset includes indicators
for the four pillars of digitalization identified within the EU Digital Decade framework:
digital skills, digital infrastructure, business digitalization, and digital public services.
Additionally, two aggregate dimensions, Enabling Factors and Results Achieved, were
constructed. These respectively group the indicators related to potential digitalization
(such as infrastructure coverage) and realized digitalization (such as Internet use). The
dataset also includes a composite Digital Decade index, which, as previously defined, is
computed as the arithmetic mean of the four dimensions and provides a synthetic measure
of overall digitalization performance.

Socioeconomic inequality is measured using several indicators capturing different aspects
of inequality, all sourced from the Eurostat database. These indicators reflect income-
based, education-related, and job-related dimensions of inequality. In addition to the
individual measures, a synthetic indicator of inequality, referred to as Inequality Average,
is constructed as the arithmetic mean of the standardized components in order to pro-
vide an aggregate representation of inequality. It is then rescaled to the same scale as
digitalization, 0-100, to make results more interpretable.

After construction in Microsoft Excel, the dataset was imported into STATA. Country
identifiers originally stored as string variables were converted into numeric codes to enable
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panel data estimation. The resulting panel covers a balanced set of EU Member States over
a four-year period (2021–2024), allowing the analysis to exploit within-country variation
over time.

Prior to the regression analysis, preliminary data exploration was conducted, including
the examination of summary statistics and the construction of correlation matrices. This
step provides initial descriptive insights into the relationships between digitalization and
inequality indicators and helps identify potential issues related to multicollinearity among
the digitalization pillars.

Given the presence of substantial structural, institutional, and socioeconomic differences
across European Union Member States, the empirical analysis adopts a fixed effects mod-
eling strategy as a first level of investigation. Fixed effects estimation allows the analysis
to control for time-invariant country-specific characteristics, such as long-standing insti-
tutional arrangements, welfare state models, and labor market structures, which could
otherwise bias cross-country comparisons. By focusing on within-country variation over
time, this approach isolates the association between changes in digitalization and changes
in inequality within the same country.

The choice of a fixed effects framework, however, constrains the analysis given the lim-
ited amount of available data. A more harmonized collection of digitalization indicators
began only in 2021, which limits the time dimension of the panel to four years. As a con-
sequence, the scope for dynamic analysis is restricted, and specifications including lagged
explanatory variables rely on at most three observations per country. In this context, the
lack of statistically significant lagged effects should not be interpreted as evidence of the
absence of dynamic relationships, but rather as a consequence of limited time variation.
For this reason, the analysis primarily focuses on contemporaneous associations, while
explicitly acknowledging the resulting limitations in terms of causal interpretation.

Despite these constraints, the baseline fixed effects results provide useful insights into the
relationship between digitalization and inequality. When digitalization is measured using
the composite Digital Decade index, the estimated contemporaneous association with
inequality is negative but does not reach conventional levels of statistical significance. A
clearer pattern emerges when digitalization is decomposed into its main components. In
particular, the indicator capturing results achieved in digitalization displays a negative
and statistically significant association with inequality at the five percent level. This
finding indicates that countries experiencing improvements in realized digital outcomes
tend to observe contemporaneous reductions in inequality within the same country. By
contrast, the indicator capturing enabling factors does not exhibit a statistically significant
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relationship with inequality.

Table 5.1: Baseline Fixed Effects Estimates: Aggregate Digitalization

Model Main Variable Coefficient p-value Within R2

(1) Digital Decade -2.600 0.180 0.269
(2) Results Achieved -4.091 0.003 0.353
(3) Enabling Factors -0.026 0.986 0.238

Country fixed effects and year dummies included. Robust standard errors clustered at the country level.

This distinction is important from both a methodological and an economic perspective.
The composite Digital Decade index aggregates dimensions that operate over different
time horizons and through different channels. Enabling factors such as infrastructure
coverage and ICT training are likely to influence inequality only gradually, as they re-
quire time to translate into effective usage and behavioural change. In contrast, indicators
capturing results achieved reflect the actual diffusion and use of digital technologies and
services, which can generate distributional effects more rapidly by improving access, re-
ducing frictions, and facilitating participation in economic and social activities.

The result aligns with existing evidence in the literature showing that second- and third-
level digital divides related to use and outcomes matter more for inequality than simple
access alone (Bergantino et al., 2025). Access to digital infrastructure alone does not
guarantee inclusive outcomes, whereas the practical adoption and integration of digital
tools into everyday activities appear more closely linked to inequality dynamics. In this
sense, the baseline fixed effects analysis suggests that the relationship between digitaliza-
tion and inequality becomes clearer when attention shifts from potential digital capacity
to realized digital performance.

When the four pillars are examined individually, the coefficient associated with digital
skills and digital infrastructure is negative but not statistically significant, suggesting
that their effect on inequality might not be contemporaneous. The one related to the
digital transformation of businesses is negative and not significant but more stable than
the previous two, suggesting a potentially conditional or more complex relationship. By
contrast, the results for digital public services are markedly stronger and more robust.
The estimated coefficient is negative and statistically significant at the one percent level,
with a p-value of 0.008. In practical terms, the estimates indicate that an increase of
one point in the average level of digitalization of public services is associated with an
approximate 2.4 point reduction in the composite inequality index (which, as mentioned,
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is computed as the average of the standardized inequality indicators and rescaled to range
from 0 to 100)

Table 5.2: Baseline Fixed Effects Estimates: Digitalization Pillars

Pillar Coefficient p-value Within R2

Digital Public Services -2.385 0.008 0.320
Digital Skills -0.216 0.880 0.239
Business Digitalization -1.443 0.235 0.255
Digital Infrastructure -0.028 0.970 0.238

Country fixed effects and year dummies included. Robust standard errors clustered at the country level.

The explanatory power of the digital public services model is also notable. The within
R-squared of approximately 0.318 indicates that more than thirty-one percent of the
variation in inequality over time within countries is accounted for by changes in the dig-
italization of public services and common time effects. At the same time, the estimated
rho value of 0.943 suggests that the majority of total variation in inequality is attributable
to differences across countries rather than changes over time within countries. This con-
firms fixed effects as the appropriate model and is consistent with the presence of strong
structural and institutional determinants of inequality, while still allowing for meaningful
distributional effects associated with policy-relevant changes in public digitalization.

5.2. The Role of Digital Public Services

5.2.1. Public Services Results

The baseline findings highlight digital public services as the most consistent and policy-
relevant dimension of digitalization in relation to inequality. To assess whether this re-
lationship is driven by broader institutional or macroeconomic factors, the analysis in-
troduces a set of additional controls commonly associated with distributional outcomes.
These include a World Bank indicator of governance quality, public expenditure on so-
cial protection, and GDP per capita, which together capture institutional effectiveness,
redistributive capacity, and the level of economic development.

The inclusion of these controls does not materially alter the core result: the coeffi-
cient on digital public services remains negative (β = −2.22) and statistically significant
(p = 0.024), indicating that the association is not merely reflecting better governance,
larger welfare states, or higher income levels. Digital public services therefore retain an
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independent and robust relationship with inequality reduction, suggesting that public
digitalization may complement traditional redistributive instruments rather than simply
proxying them.

A key empirical challenge in assessing this relationship is the potential presence of en-
dogeneity. Improvements in digital public services may be correlated with unobserved
factors that also influence inequality, such as time-varying reform intensity, macroeco-
nomic adjustment processes, or evolving political priorities. Reverse causality cannot be
excluded either, as countries experiencing reductions in inequality may be more willing
or better positioned to invest in public sector digitalization.

To address these concerns, System GMM estimations were implemented as an additional
robustness check. The dynamic specification confirms the persistence of inequality, as
the lagged dependent variable is positive and statistically significant, indicating temporal
inertia and justifying the use of a dynamic panel framework. The coefficient on digital
public services remains negative and statistically significant at the 5% level (p = 0.013),
suggesting that improvements in digital public services are associated with reductions in
inequality even after accounting for persistence and potential endogeneity.

Several diagnostic tests support the validity of the specification and the instrument set.
The Arellano–Bond test detects first-order autocorrelation in first differences (p = 0.020),
which is expected in dynamic panel models, while failing to reject the absence of second-
order serial correlation (p = 0.623). The absence of second-order autocorrelation is a
necessary condition for the validity of the internal instruments based on lagged variables.

The Sargan test (p = 0.169) and the Hansen test (p = 0.238) of overidentifying restrictions
do not reject the null hypothesis that the instruments are jointly valid. The number of
instruments is limited to eight, well below the number of countries, reducing concerns
about instrument proliferation and strengthening the credibility of the estimates. These
diagnostic tests, summarized in Table 5.3, support the validity of the specification while
not indicating overfitting.
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Table 5.3: System GMM Estimates: Digital Public Services and Inequality

Variable Coefficient p-value

Lagged Inequality (L1) 0.469 0.032
Digital Public Services -3.491 0.013

AR(1) test (p-value) 0.020
AR(2) test (p-value) 0.623
Sargan test (p-value) 0.169
Hansen test (p-value) 0.238
Number of instruments 8
N (countries) 27
T (years) 5

System GMM estimation with collapsed instruments. Year dummies included. Robust two-step
standard errors.

Given the relatively small sample size and short time dimension, these results should
be interpreted with caution. Nevertheless, the persistence of a negative and statistically
significant coefficient across specifications strengthens the plausibility of a causal channel
linking improvements in digital public services to reductions in inequality.

5.2.2. Distributional Mechanisms of Public Digitalization

The strength and stability of the public services coefficient point to a distinctive role of
state-led digitalization in shaping distributional outcomes. Unlike market-driven forms
of digitalization, digital public services are, by design, accessible to the entire population
and often target areas such as healthcare, education, social protection, and administra-
tive procedures. By lowering access barriers, reducing transaction costs, and simplifying
interactions with public institutions, digital public services can contribute to a more equal
distribution of opportunities, particularly for individuals facing time, income, or mobil-
ity constraints. From a measurement perspective, this association is consistent with the
way digital public services are constructed within the Digital Decade framework: most
indicators related to digital public services capture quality and usability rather than mere
availability. As a result, higher scores reflect not only the presence of digital public ser-
vices, but also their capacity to deliver concrete benefits to users.

This mechanism is supported by evidence from the literature on digital public administra-
tion, which emphasizes that the distributional impact of digital public services depends
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crucially on implementation quality and actual usage. In particular, Traversa and Ivaldi
(2025) show that digital public services can contribute to reducing territorial and social
disparities when they are designed and implemented in a way that improves function-
ality, accessibility, and user experience, while poorly implemented digital reforms risk
reinforcing existing inequalities. In this sense, the empirical results suggest that it is not
digitalization per se, but the quality of digital public services, that plays a central role in
shaping inequality outcomes.

A first channel through which digital public services may reduce inequality is the reduc-
tion of administrative burdens and unequal access to the state. Administrative burdens
are defined by Moynihan et al. (2015) as the learning, compliance, and psychological
costs that individuals face when interacting with public institutions. The study shows
that “burdens may be more likely to be imposed on politically powerless or unpopular
groups, and may have the most dramatic effects on those with lower financial resources
and human capital assets” (Moynihan et al., 2015, p. 63). Administrative complexity
and compliance requirements therefore tend to disproportionately affect disadvantaged
individuals, limiting their effective access to rights and public support. In this context,
the digitalization of public services can reduce these burdens by simplifying and stan-
dardising procedures, increasing transparency, and lowering informational asymmetries.
Digital platforms can centralise information, broaden outreach, provide structured guid-
ance throughout application processes, and reduce discretionary barriers in citizen–state
interactions. As a result, digital public services may disproportionately benefit individuals
with fewer resources, who are more exposed to bureaucratic frictions, thereby expanding
effective access to public programs and social rights. In this context, qualitative dimen-
sions of digital public services are particularly relevant, as they are necessary to facilitate
use among disadvantaged groups (Morte-Nadal & Esteban, 2025).

To further investigate the mechanisms through which digital public services may affect
inequality, the analysis disaggregates the composite inequality index into its constituent
dimensions. The results indicate that digital public services are negatively and statistically
significantly associated with youth- and education-related inequalities, as measured by
the share of young people not in employment, education, or training (NEETs) and the
share of early leavers from education. By contrast, the coefficients for slower-moving
indicators such as the Gini index are negative but not statistically significant. This pattern
suggests that the contemporary inequality-reducing effects of digital public services might
primarily operate through access-oriented and capability-enhancing channels, particularly
in domains where administrative simplification and digital access can directly influence
individual outcomes, such as education and youth labor-market participation. At the
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same time, the absence of significant effects on income inequality is consistent with the
slow-moving nature of distributional indicators and with the short time horizon of the
available panel.

These results are consistent with long-standing theoretical perspectives that emphasize
the role of public service delivery and administrative quality in shaping education- and
youth-related inequalities. Evidence from the World Bank (2018) shows that improve-
ments in public sector transparency and information flows can generate substantial dis-
tributional effects, particularly in education systems. For instance, when governments in
developing countries began publishing information on the timing and amount of school
capitation grants, schools were better able to monitor local administrators, leading to
a significant increase in the share of public resources effectively reaching their intended
beneficiaries (World Bank, 2018). This suggests that improving digital public services,
especially dimensions related to transparency and accountability, can reduce corruption
and other exclusionary practices that disproportionately harm young people and disad-
vantaged groups. This mechanism is particularly relevant given that the same report high-
lights how “public spending is often allocated in ways that exclude poor and marginalized
children, reducing its overall impact on learning” (World Bank, 2018, p. 184). Comple-
mentary evidence from Eurofound’s study on NEETs further supports this interpretation
by emphasizing that weak information flows, fragmented guidance systems, and limited
access to counselling services can hinder young people’s educational and labor market
transitions, increasing the risk of early disengagement (Mascherini et al., 2012). These in-
sights suggest that high-quality digital public services may reduce inequality by strength-
ening transparency, improving guidance, and ensuring that education- and youth-oriented
policies are effectively implemented and accessible to those most at risk.

5.3. Business digitalization: a conditional relation-

ship

5.3.1. Business digitalization Evidence

The digital transformation of business is arguably the most contested area of digitalization.
While technological progress comes with promises of higher productivity, innovation, and
expanded opportunities, it has always been met with skepticism by part of the population.
The concerns mainly relate to job losses and to the concentration of business gains in the
hands of large and powerful players, at the expense of smaller firms. In this context, it
is not surprising that the empirical results on the relationship between inequality and
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business digitalization are not stable. The business coefficient, after controlling for the
same variables used in Section 5.2.1, is negative but does not reach the conventional 5
percent level of statistical significance (p = 0.103). However, a p-value relatively close
to significance and the inherently controversial nature of this pillar motivate a deeper
analysis.

This deeper level of analysis is conducted through interaction models, with the aim of
assessing whether the association between business digitalization and inequality varies
depending on another digital dimension. The empirical results identify digital skills as
the pillar that plays the most decisive role in shaping the relationship under study. To
facilitate interpretation, both the business and skills scores were centered around their
respective means, a transformation that does not affect statistical significance but is
standard practice when interacting continuous variables. The interaction term between
business digitalization and digital skills is positive and statistically significant at the 1
percent level (p = 0.001). This provides strong evidence that the coefficient linking
business digitalization to inequality increases as the level of digital skills rises. Therefore,
the potential inequality-reducing power of business digitalization would be reduced and
might even reverse.

To further inspect this relationship, a margins plot is constructed to illustrate the es-
timated coefficient of business digitalization on inequality at different levels of digital
skills. In particular, the extreme values corresponding to the 10th and 90th percentiles
are plotted alongside more conventional reference points, namely the 25th percentile, the
median, and the 75th percentile. Each estimate is presented together with its 95 percent
confidence interval. The resulting plot is shown in Figure 5.1.



46 5| Digitalization and Inequality in the EU: Empirical Results

Figure 5.1: Marginal association between business digitalization and inequality across
selected digital skills percentiles.

Figure 5.1 provides useful insights while again highlighting the imprecision of the esti-
mates. At the lower tail of the skills distribution, especially at more extreme values, the
association between business digitalization and inequality appears negative, although the
confidence intervals never lie entirely below zero. By contrast, at higher levels of digital
skills, the marginal association weakens and may even reverse sign toward the upper end
of the distribution. Across most skill levels, the confidence intervals remain wide and in-
tersect zero, confirming that the estimates are imprecise. Nevertheless, the upward trend
implied by the positive interaction term is clearly reflected in the slope of the line.

To translate these insights into a more structured specification, three additional fixed-
effects models were estimated separately across different skill regimes defined by quantiles.
Countries were divided into three equally sized groups corresponding to low, medium, and
high levels of digital skills. Within the low-skills group, the fixed-effects model including
the full set of controls yields a negative association between business digitalization and
inequality, with a p-value of 0.055, very close to the conventional 5 percent threshold.
Considering the limited number of countries in each subgroup, this result is economi-
cally meaningful and lends support to the hypothesis that, in low-skill contexts, business
digital transformation may function as an equalizing force by enhancing productivity
and expanding access to opportunities. By contrast, the relationship for higher-skilled
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countries appears more complex, and the regression estimates do not yield statistically
significant results.

In conclusion, even though the marginal effects are imprecisely estimated at specific lev-
els of digital skills, particularly at the upper end of the distribution and possibly due to
contrasting underlying dynamics, the interaction term itself is precisely estimated. This
indicates that the slope of the relationship is systematically shaped by the level of dig-
ital skills, confirming that the context of digital capabilities significantly conditions the
distributional impact of business digitalization.

5.3.2. Interpreting the Conditional Relationship

The empirical results highlight a complex pattern between business digitalization, digital
skills, and inequality. The main interpretation of the inequality-increasing component of
business digitalization in high-skilled contexts is consistent with the classical theory of
skill-biased technological change (SBTC). This theory, which builds on a long tradition in
the literature on technological change and labor markets and was formalized by Acemoglu
(2002), states that the benefits of technological innovation tend to accrue primarily to
skilled workers while penalizing lower-skilled ones, thereby increasing inequality. In the
modern context, it remains highly relevant, as innovation has been shown to reallocate
labor towards cognitive-intensive tasks, increasing the relative employment of college-
educated workers while causing wage declines for less-educated ones (Roncone, 2025).
In Korea, Yeo and Jung (2024) find that digital transformation favours digital capital-
intensive industries and high-skilled labor, potentially increasing employment polarization
and income inequality. Recent studies further explore the underlying mechanisms and
complexity of this phenomenon by distinguishing between different forms of technological
innovation. For instance, there is a marked difference between automation in the form of
artificial intelligence and industrial robots (Jaccoud, 2025). Occupations more exposed
to AI exhibit higher wage inequality, as AI tends to amplify the productivity of high-
skilled workers, whereas robot-related tasks often complement routine physical activities,
resulting in a decrease in wage inequality (Jaccoud, 2025).

These more nuanced perspectives are consistent with the non-linearity in the relationship
between business digital transformation and inequality that emerges from the empirical
results. At the same time, the literature highlights other contexts in which digitalization
may produce equalizing effects, such as the expansion of e-commerce and processes of
industrial structural upgrading in rural areas, which can significantly mitigate income
inequality and help narrow the urban–rural gap (Lv et al., 2025). Further evidence of
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potentially beneficial effects of business digitalization is provided by Au (2024), who
identifies the digitalization of small and medium enterprises (SMEs) as one of the few
drivers associated with reductions in income inequality. The main mechanisms through
which SMEs might reduce income inequality operate via changes in the distribution of
value added and job opportunities. Digital adoption by SMEs can increase labor share
by improving production capacity, operational efficiency, and profitability, which shifts a
larger portion of value added toward workers rather than capital owners (Au, 2024). In
addition, digitally integrated SMEs tend to grow faster and contribute more strongly to
aggregate job creation, broadening income opportunities beyond highly skilled segments
of the workforce (Au, 2024).

It is important to underline that these results should not be interpreted as suggesting
that digital skills are harmful or that the digital performance of Northern countries is less
desirable than that of South-Eastern countries. The main purpose of the analysis is to
highlight that digitalization should not be implemented blindly, as it carries challenges
and requires a comprehensive approach to ensure just and sustainable progress. The
potentially offsetting effect observed in high-skilled contexts serves as a warning signal
that even countries performing well according to the EU Digital Decade targets and with
low levels of inequality must remain attentive to the broader distributional implications of
digital transformation. For example, regional inequality in Sweden has increased over the
past decades, alongside a strong concentration of knowledge-intensive activities and high-
tech employment (André & Pak, 2021). This underscores the need for carefully designed
policies that balance the pace of digital development with complementary measures aimed
at minimizing disparity-increasing components.
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6.1. Public Services Policies

The econometric analysis highlighted a potential equalizing channel in the digitalization
of public services. As this pillar is also the one where governments can intervene most
directly, European countries have a concrete opportunity to shape socioeconomic out-
comes by allocating appropriate focus and investments in this area. To understand how
to formulate an effective digital public services strategy or improve existing ones, policy-
makers can draw insights from the case of Portugal. The country has achieved remarkable
progress in recent years through thoughtful and balanced measures. With the help of an
additional Power BI dashboard (Figure 6.1), this trend can be clearly visualized, showing
how Portugal moved from being below the European average in digital public services in
2021 to significantly above it in 2024, with a steep increase in recent years.

Figure 6.1: Digital Public Services scores for Portugal (orange) and EU (blue), 2021–2024.

The post-pandemic years have been characterized by significant investments in the digi-
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talization of public administrations, with a strong emphasis on interoperability, seamless
information exchange, and the expansion of citizen-centered digital services (European
Commission, 2022, 2023, 2024). In particular, reforms strengthened the national single
digital gateway, introduced one-time data submission mechanisms to reduce adminis-
trative redundancy, and modernized core welfare infrastructures such as Social Security
through automation and enhanced data integration (European Commission, 2024). By
simplifying procedures and improving coordination across public entities, these measures
contribute to lowering administrative and access costs for citizens, thereby facilitating
more effective access to public services.

While innovative technological tools and monetary investments are important, Portugal’s
public administration digitalization is particularly instructive because it was embedded
in complementary policy frameworks, as illustrated by the case of Public Employment
Services (PES) digital services. Public Employment Services are national authorities re-
sponsible for activation and labor market integration, and in Portugal they implemented
a comprehensive multi-channel strategy for the digitalization of services related to the
Youth Guarantee, an EU initiative aimed at supporting NEETs (Directorate-General for
Employment, Social Affairs and Inclusion, 2024). This strategy combined social media
campaigns, collaborations with influencers, a dedicated mobile application, and offline
outreach in public transport and youth events. It resulted in a 15% increase in visits
to the PES website, highlighting that the availability of digital tools must be accompa-
nied by active engagement strategies to ensure effective adoption (Directorate-General for
Employment, Social Affairs and Inclusion, 2024).

Although the inequality-reducing association of digital public services did not appear to be
strictly conditional on other digital pillars, digitalization strategies require a multidimen-
sional approach. The Portuguese PES embraced this perspective by developing an online
diagnostic tool in 2020 to assess jobseekers’ digital skills, identifying individuals requiring
basic digital training and offering targeted digital skills courses accordingly (Directorate-
General for Employment, Social Affairs and Inclusion, 2024). This approach mitigated
the risk that digitalization would exacerbate existing capability gaps and instead used
digital reform as a mechanism to enhance inclusion.

Finally, digital transformation cannot be limited to digital aspects. Portugal’s PES signed
cooperation agreements with more than 1,500 local partners to support the identification
and registration of NEETs and provided capacity-building workshops to ensure consistent
implementation across territories (Directorate-General for Employment, Social Affairs
and Inclusion, 2024). These non-digital governance mechanisms played a crucial role in
reaching vulnerable groups who may not proactively engage with online platforms.
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The Portuguese PES experience provides a concrete example of how the digitalization
of public services can contribute to reducing youth-related inequalities, particularly in
relation to NEETs. More broadly, it offers a practical illustration of the key elements
that should guide policy design. First, substantial investments and innovative initiatives
are required to develop technological tools and digitalize public administration services.
European countries can rely on significant funding from instruments such as the Re-
covery and Resilience Facility and Cohesion Policy, both of which allocate considerable
resources to digital targets. Second, information and outreach campaigns are necessary
to familiarise citizens with digital services, strengthen trust and transparency, and pro-
mote effective adoption. Third, complementary policies should support balanced progress
across multiple digital pillars, ensuring that digitalization does not advance unevenly.
Finally, non-digital measures remain essential to reach individuals who are less likely to
engage with online platforms, ensuring effective integration between digital services and
in-person institutional support.

6.2. Business Digitalization Policies

Empirical results on business digitalization highlighted that the relationship between digi-
tal transformation and inequality is not straightforward and requires considering multiple
dimensions simultaneously. The risk of widening gaps in higher-skilled countries is clearly
not an argument for limiting digital skill development. On the contrary, given the recent
stagnation in digital skills improvement, it signals the need to carefully design comple-
mentary policies that can counteract undesired mechanisms which may offset the benefits
of business digitalization.

Denmark, one of the highest-skilled countries and therefore potentially exposed to skill-
biased technological change, has adopted a flexicurity model that facilitates hiring while
offering protection and income replacement, and has proven effective in supporting the
reintegration of displaced workers (Organisation for Economic Co-operation and Devel-
opment, 2024). Another complementary policy is adult education and lifelong learning,
which is largely free of charge for employees and, in some cases, even provides 110%
unemployment benefits for individuals undertaking education in shortage fields (Organ-
isation for Economic Co-operation and Development, 2024). However, countries must
ensure targeted funding and balanced participation across groups, as disadvantaged indi-
viduals remain at risk of being left behind. In almost every European country, including
leaders such as Denmark, Finland, and the Netherlands, the share of low-skilled adults
participating in education and lifelong learning is nearly half that of high-skilled adults
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(Organisation for Economic Co-operation and Development, 2024).

Digital transformation also carries a paradox: while many workers risk progressively losing
their jobs, shortages of specialized ICT professionals risk hindering the full unlocking of
technological business potential. This applies to all countries but is particularly relevant
for those identified in this study as lower-skilled economies, where business digitalization
could generate stronger inequality-reducing effects than adverse by-products, yet risks
developing too slowly and placing domestic firms at a competitive disadvantage. The
Spanish government explicitly recognised that the lack of digital skills, both basic and
advanced, is “slowing the digital transformation of society and the economy” (Government
of Spain, 2021, p. 15). In response, it implemented a €3.6 billion Digital Skills Plan for
2021–2023, which included objectives such as enabling workers to acquire advanced digital
skills and improve their employability, increasing the number of ICT specialists, and
ensuring that “Spanish companies in general, and SMEs in particular, have the necessary
skills for digitalization” (Government of Spain, 2021, p. 18).

As highlighted in this thesis, small and medium-sized enterprises (SMEs) play a crucial
role in ensuring a balanced business digital transition, yet they often lack the resources
to implement the same measures as large firms. Targeted policies are therefore necessary
to ensure that SMEs are not excluded from the transformation process. Spain addressed
this through the Kit Digital programme, a €3 billion initiative for 2021–2023 designed to
subsidise the adoption of digital solution packages by SMEs (Government of Spain, n.d.).
Data collected in this study show that the share of Spanish SMEs with at least basic
digital intensity increased from 67.5% in 2022, below the EU average of 69%, to 74.2% in
2024, above the EU average of 72.9%.

In conclusion, these examples provide an additional illustration of how digital pillars
are not independent from one another, nor from broader non-digital institutional frame-
works, and therefore require a comprehensive policy approach. The empirical analysis
also highlighted that there is no one-size-fits-all strategy: measures must be tailored to
each country’s context, structural conditions, and specific challenges. Nevertheless, some
common insights emerge from comparative experiences. Business digitalization must go
hand in hand with the development of digital skills, both to enable workers to navigate
technological transformation and to allow firms to fully exploit its productivity potential.
Advancing technological progress in the business sector also requires complementary and
flexible labor market policies that can manage transitions effectively. Finally, disadvan-
taged groups must be explicitly targeted to ensure that digital transformation leads to
inclusion rather than reinforcing existing gaps.
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7.1. Limitations of the Digital Decade Framework

The Digital Decade presents a strong strategic vision for guiding Europe’s digital transi-
tion, and one of its key strengths lies in the consistency and completeness of data across
Member States. Compared with other international sources, such as the World Bank, the
harmonization of measurement practices within the EU is remarkably high and greatly
facilitates cross-country comparison. However, despite this horizontal consistency, the
temporal dimension remains a major limitation. Many of the indicators included in the
monitoring framework have only recently been introduced or have undergone definitional
changes. As a result, the panel analysis could only be constructed over a restricted time
window, and more advanced longitudinal econometric modeling was constrained by the
absence of long-term, continuous data. A strategic monitoring system such as the Digital
Decade would benefit from maintaining a stable core set of indicators over an extended
period. While it is necessary to incorporate emerging technologies, such as artificial in-
telligence, these should be integrated without undermining the continuity of the existing
framework. A related challenge concerns the frequency of data collection. Some of the
most important indicators for achieving the 2030 targets, such as the share of individuals
with basic digital skills, are collected only every two years. Given their central importance
for both policy evaluation and academic research, annual collection would substantially
improve the ability to monitor progress. More frequent data on these critical variables
would also strengthen alignment between long-term strategic targets and shorter-term
policy cycles.

The monitoring framework could be further strengthened by incorporating indicators that
explicitly address sensitive dimensions of digital inclusion and inequality. At present, there
are no dedicated indicators capturing the digitalization of key public sectors such as jus-
tice and education. Given their central role in social inclusion, equality of opportunity,
and institutional effectiveness, the absence of measures assessing the digital maturity of
courts, schools, and educational administrations represents a significant gap. In addition,
a relevant extension would be the introduction of a metric measuring the representation of
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women in high-level digital and ICT roles. Specifically, an indicator such as the percent-
age of women in middle- to high-level digital or ICT positions (specialist, managerial, or
decision-making roles) out of the total digital workforce would provide important insight.
Considering the persistent gender gap in this sector across many European countries, sys-
tematically collecting such data would constitute a necessary first step toward informing
targeted public policies aimed at promoting gender balance and equal opportunities in
the digital economy, in line with the objectives of the Digital Decade 2030 targets.

The analysis of digital targets is also constrained by objectives that may be structurally
difficult or even unrealistic to achieve uniformly across all territories. For example, the goal
of 100% coverage of Very High Capacity Networks (VHCN) may be practically unattain-
able in certain areas due to geographical and cost constraints. In such cases, alternative
formulations based on minimum acceptable coverage thresholds could provide a more
realistic and policy-relevant framework.

Finally, improvements in the format and presentation of some indicators would enhance
both policy clarity and analytical usefulness. Most indicators are presented in percentage
terms, or at least in both absolute and relative terms (as in the case of ICT specialists),
which improves interpretability and comparability. Others, including important variables
such as the number of edge nodes, are reported only in absolute values. For cross-country
comparisons, trend analysis, and econometric research such as that conducted in this
thesis, population-normalized or percentage-based indicators are essential. Systematic
normalization across the indicator set would therefore support not only academic analysis
but also policymaking by allowing clearer identification of relative strengths and weak-
nesses across Member States.

In sum, the Digital Decade Programme provides a solid foundation for analysis. However,
its capacity to guide evidence-based policymaking would be strengthened by greater in-
dicator stability, improved coverage of inclusion-related dimensions, more frequent data
collection for key variables, and more coherent target design.

7.2. Limitations of the Analysis

This work aimed to balance methodological rigor with comprehensive data coverage. How-
ever, this objective inevitably introduced trade-offs and limitations. When data were
missing for certain years, two alternatives were available: either exclude the indicator,
thereby reducing data coverage, or estimate missing observations through linear projec-
tions, which introduced artificial values into the dataset. The choice was based on the
perceived relevance of the indicators for the thesis subject and the European targets.
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In addition, the cross-country comparative nature of the analysis required the exclusion
of indicators that were not available for all Member States. As a result, the dataset is
constrained to the indicators collected within the Digital Decade framework and to its
specific definitions. Other relevant aspects of digitalization could not be incorporated,
potentially limiting the scope of the analysis and leaving some dimensions insufficiently
captured.

The dataset is also subject to measurement limitations: some indicators in digital public
services are scores, which limits interpretability, and other indicators in the framework
can suffer from measurement errors or changes in definition that partially distort observed
relationships. The construction of composite indices represents a coherent methodological
choice that strengthens the analysis by combining multiple perspectives, but index con-
struction inevitably involves a degree of arbitrariness in the selection and aggregation of
indicators. Alternative specifications or different weighting schemes could yield different
results, which limits the strict objectivity of the composite measures.

From the econometric perspective, the EU scope restricts the sample to 27 countries, which
limits statistical power and reduces the depth of dynamic analysis that can be performed.
System GMM was employed to address potential endogeneity and dynamic relationships,
but given the relatively small cross-sectional dimension and short time span, its results
require careful interpretation. Moreover, the limited time dimension constrained the use
of extended lag structures that could have been particularly informative for capturing the
delayed effects of enabling factors such as digital infrastructure.

The analysis of specific Digital Decade pillars allowed for disaggregation, but the area
remains relatively broad and may conceal heterogeneous or even contrasting mechanisms
operating within each pillar. In addition, the regression models assume linear relationships
between digitalization and inequality outcomes, whereas real-world dynamics are likely to
be non-linear or context-dependent. As a result, more complex interactions may not be
fully captured.

Although fixed-effects and dynamic specifications help control for unobserved hetero-
geneity and mitigate endogeneity concerns, the results cannot be interpreted as definitive
causal evidence. They should instead be understood as structured and robust associations.
Furthermore, the set of control variables included in the models, while theoretically mo-
tivated, may not be fully comprehensive. Country-specific time-varying factors, including
institutional reforms or political dynamics, may influence both digitalization and inequal-
ity. Omitted variables of this kind could therefore account for part of the associations
identified in the analysis.
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Finally, the policy implications derived from this analysis are based on a general cross-
country assessment. However, each Member State represents a distinct institutional and
socioeconomic context. National averages may conceal substantial internal regional dis-
parities, as observed in the case of Italy, where digital development varies significantly
across regions. Consequently, the relationships identified at the national level may not
fully reflect subnational dynamics, and policy recommendations derived from aggregate
analysis may require adaptation to regional realities.
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Research

Digitalization is an ever-evolving phenomenon with far-reaching and comprehensive rami-
fications. The European Union has recognised its importance and potential, implementing
a strong monitoring framework such as the Digital Decade, alongside significant dedicated
investments through instruments including the Recovery and Resilience Facility and Co-
hesion Policy. However, this work and future research efforts remain essential to move
beyond the limitations of the current framework, to further analyse how digitalization
in the EU affects socioeconomic inequality, and to identify which dimensions of digital
development act as the strongest drivers of inequality reduction.

The descriptive analysis highlighted progress across all indicators, with each country im-
proving its average performance compared to the previous year. Nevertheless, the pace
of progress relative to the Digital Decade 2030 targets remains limited, particularly in
relation to individuals’ digital skills. Pillar-level analysis revealed substantial differences
in performance, and spatial clustering identified leading countries in Northern Europe
and lagging countries in the South-Eastern part of the Union. This motivated the use of
fixed-effects regressions to account for time-invariant country-specific characteristics.

A deeper focus on Italy reveals both significant challenges and opportunities. Challenges
concern its relative performance compared to the European average in digital skills and
digital public services, as well as marked internal disparities between Southern regions
and the rest of the country. At the same time, Italy benefits from solid foundations,
including well-developed digital infrastructure, where it performs strongly in areas such as
5G coverage, and complementary technological sectors such as semiconductors. Moreover,
Italy is among the largest per capita recipients of Recovery and Resilience Funds dedicated
to digitalization and has already demonstrated that substantial investment can improve
performance in digital public services indicators such as access to e-health records.

The empirical results identify digital public services as the pillar most consistently asso-
ciated with lower inequality, with findings aligned with a potential equalizing mechanism,
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although they must be interpreted with caution. A possible channel operates through re-
ductions in the share of individuals not in education, employment, or training (NEETs),
particularly by lowering administrative burdens and improving access to opportunities and
welfare for disadvantaged groups. In contrast, business digitalization appears to have a
more complex relationship with inequality. While estimates are less stable, results suggest
a negative association between business digital transformation and inequality in contexts
characterized by lower digital skills. In higher-skilled contexts, the effect weakens and
may even reverse, in line with the theory of skill-biased technological change.

The analysis, together with the literature review, enabled the formulation of policy in-
sights grounded in real-world experiences. Portugal serves as an example of successful
digitalization of public services, combining substantial investments in key services with
awareness campaigns to promote adoption, complementary policies across pillars, and
local measures that ensured effective integration with the physical world. Denmark’s la-
bor market strategies illustrate the importance of flexible policies designed to reallocate
displaced workers and upgrade digital skills. Meanwhile, Spain provides an example of
coordinated policies that combine technological investment, SME support, and skills up-
grading to equip both companies and individuals with the tools to thrive in the business
digitalization process.

This work should not be seen as an end point, but as a contribution to an ongoing
research process. The very nature of this thesis and of the phenomenon under study calls
for future research to address the temporal limitations of the analysis once additional data
become available. By maintaining a harmonized monitoring framework, future research
will be able to further test the validity of the main results and investigate the less stable
relationships identified in this study. With a longer time horizon, the crucial role of
enabling factors with slower and more gradual impacts could be examined more rigorously.
Additionally, other countries could develop regional analyses similar to the one presented
in the Italian case study, and the Digital Decade framework could be extended to the
regional level to explore territorial differences that may further inform policy design.

In conclusion, this work provides structured evidence on digitalization and its relationship
with socioeconomic inequality in the European Union. Although digital public services
emerge as the most consistent equalizing channel, effective digital policy cannot focus on
a single pillar in isolation. Digital transformation must be approached comprehensively,
considering different pillars simultaneously and accounting for the broader institutional
and socioeconomic context. This is particularly evident in the case of business digital-
ization, whose strong interaction with the level of digital skills reinforces the importance
of complementary investments and coordinated reforms. The effectiveness of the Digital
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Decade strategy therefore cannot be reduced to isolated targets, but depends on coor-
dinated progress both within and across countries. If the future of the Digital Decade
includes robust monitoring that stimulates further rigorous analysis, which in turn in-
forms digital and complementary policy measures, the European Union can unlock the
full transformative potential of digitalization, contain its distributive risks, and ensure
that technological progress contributes to inclusive and sustainable development.
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A| Appendix A

A.1. Structure of the Digitalization Index (EU)

Pillar Indicator Unit of Measure Source
Digital Skills Internet use % of individuals Eurostat
Digital Skills At least basic digital skills % of individuals Eurostat
Digital Skills Above basic digital skills % of individuals Eurostat
Digital Skills ICT specialists % of total employ-

ment
Eurostat

Digital Skills Enterprises providing ICT training % of enterprises Eurostat
Digital Infrastructure Overall internet take-up % of households Eurostat
Digital Infrastructure Fixed broadband ≥ 100 Mbps % of households Eurostat
Digital Infrastructure VHCN coverage % of households Eurostat
Digital Infrastructure FTTP coverage % of households Eurostat
Digital Infrastructure Overall 5G coverage % of households Eurostat
Digital Transformation
of Businesses

SMEs with basic digital intensity % of SMEs Eurostat

Digital Transformation
of Businesses

Artificial intelligence % of enterprises Eurostat

Digital Transformation
of Businesses

SMEs selling online % of SMEs Eurostat

Digital Public Services e-Government users % of individuals Eurostat
Digital Public Services Digital public services for citizens Score (0–100) Eurostat
Digital Public Services Digital public services for busi-

nesses
Score (0–100) Eurostat

Digital Public Services Transparency Score (0–100) Eurostat
Digital Public Services User support Score (0–100) Eurostat
Digital Public Services Mobile friendliness Score (0–100) Eurostat
Digital Public Services Access to e-health records Score (0–100) Eurostat
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A.2. Structure of the Regional Digitalization Index

Pillar Indicator Unit of Measure Source
Digital Skills Internet use % of individuals Istat
Digital Skills Online purchases % of individuals Istat
Digital Skills At least basic digital skills % of individuals Regione

Toscana
Digital Skills Market demand for ICT spe-

cialists
% of job advertise-
ments

Eurostat

Digital Skills Enterprises providing ICT
training

% of enterprises Istat

Digital Infrastructure Families with Internet access % of households Istat
Digital Infrastructure Broadband connection % of households Istat
Digital Infrastructure Households covered by

FTTH
% of households Agcom

Digital Transformation
of Businesses

Enterprises with internet ≥
30 Mb/s

% of enterprises Istat

Digital Transformation
of Businesses

At least basic digital inten-
sity

% of enterprises Istat

Digital Transformation
of Businesses

E-commerce % of enterprises Istat

Digital Transformation
of Businesses

Employees using internet at
least once a week

% of employees Istat

Digital Transformation
of Businesses

Artificial intelligence % of enterprises Istat

Digital Public Services Use of Fascicolo Sanitario by
citizens

% of individuals Ministero
della
Salute

Digital Public Services Use of Fascicolo Sanitario by
medical professionals

% of medical pro-
fessionals

Ministero
della
Salute

Digital Public Services Interaction with Public Ad-
ministration to retrieve infor-
mation

% of individuals Istat

Digital Public Services Interaction with Public
Administration to download
forms

% of individuals Istat

Digital Public Services Digital Maturity Index
(Front + Back Office)

Score (0–100) Politecnico
di Milano
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A.3. Structure of the Inequality Index

Indicator Area Unit of Measure Source

Gini index Income Index (0–100) Eurostat

Income quintile share ratio
(S80/S20)

Income Ratio (S80/S20) Eurostat

Persons living in households
with very low work intensity

Labor % of individuals (0–64) Eurostat

Young persons neither in em-
ployment nor in education
and training (NEET)

Education / Labor % of individuals (15–29) Eurostat

Early leavers from education
and training

Education % of individuals Eurostat
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