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1. Research Context and Scope

Digitalization has become a central feature of
contemporary economic, social, and institu-
tional change across the European Union, with
wide-ranging implications for development and
governance. Therefore, digital development has
moved to the core of European policy agendas,
most notably through the Digital Decade Pol-
icy Programme. This programme constitutes
the European Union’s main strategic framework
for digital transformation, combining a harmo-
nized system of indicators with binding targets
for 2030 across four digital pillars: digital skills,
digital infrastructure, digital transformation of
businesses, and digital public services. By link-
ing measurement, monitoring, and policy objec-
tives, the Digital Decade serves both as a bench-
mark for assessing national digital performance
and as a coordinated roadmap aimed at reducing
digital gaps across Member States.

However, the distributional consequences of dig-
italization remain contested. While digital tech-
nologies are often presented as drivers of pro-
ductivity growth, inclusion, and opportunity,
a growing body of research suggests that dig-
italization, particularly when unevenly imple-
mented, may also reinforce existing inequalities

or generate new forms of exclusion. These con-
cerns are especially relevant in the Furopean
context, where persistent socioeconomic and ter-
ritorial disparities coexist with ambitious digital
policy objectives.

Against this background, the present thesis an-
alyzes patterns of digitalization and their rela-
tionship with socioeconomic inequality in the
European Union. It adopts a multidimensional
perspective on digitalization, consistent with the
Digital Decade framework, and moves beyond
income-only measures of inequality. The anal-
ysis pursues three objectives: (i) to describe
current trends in digitalization across Member
States, comparing country performances and
identifying digital divides through the construc-
tion of a revised composite digitalization index,
(ii) to extend the analysis to the Italian case
by examining Italy’s digital performance in com-
parison with the EU and by analyzing its sub-
national dimension through the development of
an original Regional Digitalization Index, which
enables a systematic assessment of territorial
disparities, and (iii) to empirically investigate
the relationship between digitalization and so-
cioeconomic inequality, with the aim of deriving
policy-relevant insights on how digital develop-



ment strategies can support inclusive and bal-
anced growth.

2. Conceptual Foundations:

Digitalization and Inequality

Digitalization is increasingly understood as a
multifaceted process unfolding across several in-
terrelated dimensions, rather than as a single
technological phenomenon. This view is re-
flected in recent measurement efforts, most no-
tably the Digital Economy and Society Index
(DESI) and its evolution into the Digital Decade
monitoring framework, which organizes digital
development around four core pillars: digital in-
frastructure, digital skills, digital transformation
of businesses, and digital public services.

The literature provides extensive evidence on
each of these dimensions, though they are of-
ten examined in isolation. Research on digi-
tal infrastructure highlights its foundational role
in enabling connectivity and access, while stud-
ies on digital skills emphasize the importance
of individual capabilities for effective technology
use and participation. Firm-level digitalization
is shown to affect productivity, organizational
structures, and labor demand, with potentially
uneven distributional implications. More re-
cently, digital public services have received in-
creasing attention due to their relevance for ac-
cess to education, healthcare, and administra-
tive procedures. These strands offer valuable in-
sights, but accounting for the coexistence and
interaction of different dimensions helps clarify
how they shape socioeconomic outcomes.

This recognition has motivated a growing use of
composite indicators to measure digital devel-
opment in a more comprehensive manner. Mul-
tidimensional indices provide a useful tool for
capturing the complexity of digitalization in de-
scriptive analyses and for studying its relation-
ship with inequality. Their effectiveness, how-
ever, depends critically on the availability of har-
monized indicators that are consistently defined
and collected across countries and over time, a
condition that remains only partially satisfied in
existing frameworks.

A similar issue characterizes much of the litera-
ture on inequality. Empirical research has tra-
ditionally focused on income inequality as the
primary outcome of interest. While income dis-
parities remain central, recent contributions in-

creasingly recognize that inequality is inherently
multidimensional, encompassing education, la-
bor market exclusion, social participation, and
well-being.  Asmar et al. (2022) conceptualize
digital inequality as a process that co-evolves
with income, education, agency, and well-being,
highlighting the limitations of narrow, income-
based measures and the need for broader analyt-
ical perspectives. Building on these insights, the
present thesis adopts a composite measure of so-
cioeconomic inequality that integrates multiple
dimensions of disadvantage.

By combining a multidimensional framework for
digitalization with a multifaceted conception of
inequality, this study moves beyond isolated
analyses of single digital domains or narrow in-
equality indicators. This integrated approach
enables a more nuanced assessment of which di-
mensions of digitalization matter most for in-
equality and under which conditions digital de-
velopment may support more inclusive growth.

3. Data Sources and Index Con-
struction

The empirical analysis is based on a newly con-
structed dataset combining indicators of digi-
talization and socioeconomic inequality for Eu-
ropean Union Member States over the period
2021-2024. Digitalization indicators are drawn
from the EU Digital Decade framework, while
inequality indicators are primarily sourced from
Eurostat, ensuring harmonized definitions and
cross-country comparability.

A central methodological contribution of the
thesis is the construction of a revised compos-
ite digitalization index that preserves the four-
pillar structure of the Digital Decade while re-
stricting the underlying indicators to those that
are relevant, comparable, and consistently avail-
able across countries and over time. This selec-
tion strategy improves measurement reliability
and facilitates longitudinal analysis. In addi-
tion, the index distinguishes between enabling
factors, which capture potential digital capac-
ity, and achieved results, which reflect effective
usage and realized digital outcomes.
Socioeconomic inequality is likewise conceptual-
ized as a multidimensional phenomenon. A com-
posite inequality index is constructed by com-
bining indicators capturing education-related,
labor-market-related, and income-related di-



mensions of disadvantage. All indicators are
standardized to account for differences in scale
and measurement.

Beyond the EU-level analysis, the thesis intro-
duces a Regional Digitalization Index for Italy,
designed to mirror the European Digital Decade
framework at the NUTS 2 level. This regional
index is constructed using data from Istat, Ag-
com, and Eurostat, allowing for a systematic ex-
amination of sub-national digital divides within
a consistent conceptual structure.

4. Descriptive Evidence

The descriptive analysis shows that the Euro-
pean Union as a whole is becoming progres-
sively more digitalized, although the pace of im-
provement remains modest relative to policy am-
bitions. Between 2023 and 2024, the EU av-
erage level of digitalization increased from ap-
proximately 57 to 60 percentage points, reflect-
ing a slight improvement across all four Digital
Decade pillars. While this upward trend indi-
cates continued progress, the magnitude of these
changes remains limited when compared with
the targets set for 2030.

This gap is particularly evident in the area of
digital skills. The Digital Decade objective sets
a target of at least 80% of individuals with ba-
sic digital skills by 2030. However, the share
of individuals meeting this threshold increased
only from just under 53% in 2021 to approxi-
mately 56% in 2024. Similar patterns emerge in
other pillars, where incremental improvements
fall short of the acceleration required to meet
the stated policy objectives within the remain-
ing timeframe.

At the same time, cross-country disparities
in overall digitalization have narrowed slightly.
The gap between the best-performing Member
State, Denmark, and the worst-performing one,
Romania, declined from approximately 24 per-
centage points in 2023 to around 20 percentage
points in 2024. However, a more disaggregated
analysis reveals that substantial disparities per-
sist across individual pillars. In the business
area, the most advanced countries display levels
of digitalization that are more than twice those
of the least-performing Member States. These
patterns indicate that convergence in overall dig-
italization may mask persistent and significant
imbalances across specific dimensions of digital

development.

The Italian case further illustrates dynamics of
divides and slow improvement. Italy ranks 23rd
out of 27 Member States in overall digitaliza-
tion and performs below the EU average across
all four pillars. However, some indicators point
to recent signs of catching up. Notably, access to
electronic health records increased by more than
24 percentage points between 2021 and 2024,
shifting Italy from below to above the EU av-
erage in this specific dimension. This marked
improvement suggests that targeted top-down
intervention in digital public services can close
gaps more rapidly than the gradual evolution
driven by market dynamics alone.

A regional perspective highlights persistent dis-
parities within Italy. The Regional Digitaliza-
tion Index reveals a clear territorial divide, with
all southern regions performing below the na-
tional average, while all central and northern
regions exceed it, with the exception of Valle
d’Aosta. This spatial pattern is part of long-
standing socioeconomic divides and underscores
the importance of complementing national-level
analysis with a sub-national perspective to fully
capture the uneven geography of digital devel-
opment.

5. Econometric Analysis and

Main Findings

The empirical analysis examines the relation-
ship between digitalization and socioeconomic
inequality using panel data econometric tech-
niques. Given the short time dimension of the
dataset, the analysis focuses on contempora-
neous associations between changes in digital-
ization and inequality within countries. Al-
though the Hausman test does not reject the
random-effects estimator, a fixed-effects ap-
proach is adopted to control for unobserved,
time-invariant country characteristics, such as
welfare state models, institutional structures,
and long-standing socioeconomic conditions,
that are likely to be correlated with both dig-
italization and inequality outcomes.

When digitalization is considered in aggregate
terms, the results indicate that only realized dig-
ital outcomes are significantly associated with
inequality reduction, whereas enabling factors
such as infrastructure availability and formal
ICT training do not display a statistically signif-



icant contemporaneous relationship. This result
is partly explained by the fact that enabling fac-
tors typically require time to translate into ob-
servable societal effects, and more importantly
by their focus on capturing potential capacity
rather than actual use. This interpretation is
in line with existing contributions in the liter-
ature, which emphasize that equity-increasing
outcomes arise from the quality of digital inter-
actions and actual engagement with digital ser-
vices, rather than from the mere availability of
digital resources.

To account for the heterogeneous nature of digi-
tal development, the analysis then considers the
four Digital Decade pillars separately. Digital
infrastructure, digital skills, and business digi-
talization do not display statistically significant
associations with inequality when analyzed in
isolation. This result may reflect the context-
dependent nature of digitalization effects and
motivates a further analysis based on interaction
models. By contrast, the digitalization of pub-
lic services emerges as the most robust and sta-
tistically significant dimension. Improvements
in digital public services are consistently associ-
ated with lower levels of socioeconomic inequal-
ity, and this relationship remains stable after
controlling for GDP per capita, governance qual-
ity, and public expenditure on social protection.
To address potential endogeneity and reverse
causality, the analysis complements fixed-effects
estimates with a System GMM specification.
The results, reported in Table 1, confirm a
negative and statistically significant association
between digital public services and inequality.
Standard diagnostic tests indicate no evidence of
second-order serial correlation and support the
validity of the instrument set. While the short
time horizon calls for caution in causal inter-
pretation, these findings provide supportive ev-
idence consistent with a causal channel running
from public-sector digitalization to inequality re-
duction.

Building on these results, the analysis explores
mechanisms through which digital public ser-
vices may influence inequality outcomes. Liter-
ature on administrative burden highlights how
learning costs, compliance requirements, and
procedural complexity can disproportionately
affect disadvantaged individuals and limit their
effective access to public services (Moynihan et

al., 2015). From this perspective, digital pub-
lic services, when effectively designed and im-
plemented, can reduce inequality by simplifying
access to information and lowering procedural
barriers, improving access to benefits and sup-
port mechanisms that are otherwise unevenly
distributed across the population.

To better understand the channels through
which digital public services may primarily op-
erate, the analysis then examines their rela-
tionship with disaggregated inequality measures.
The strongest and most consistent associations
are observed for youth-related dimensions, par-
ticularly the share of young people not in
employment, education, or training (NEETS).
These results are consistent with perspectives
that emphasize the role of public service quality
in shaping youth-related inequalities. In partic-
ular, improvements in transparency can help en-
sure that public interventions aimed at support-
ing education reach their intended beneficiaries.
At the same time, digital guidance and training
systems can support young people in the early
phases of their professional careers by reducing
information asymmetries and improving access
to opportunities.

Finally, the analysis investigates interaction ef-
fects between different dimensions of digitaliza-
tion. In particular, the interaction between busi-
ness digitalization and digital skills is positive
and strongly statistically significant, indicating
that the association between firm-level digital
adoption and inequality becomes more positive
as the level of digital skills in the population in-
creases. On average, business digitalization is
associated with lower levels of inequality in low-
skill contexts, while this association weakens and
shifts in a positive direction as digital skills in-
crease. Although the estimated marginal effects
of business digitalization at specific points of the
skill distribution are imprecise, the overall pat-
tern is clear and statistically supported by the
interaction term: the potential equalizing role
of business digital transformation gradually at-
tenuates in higher-skill environments and may
even reverse. This pattern is consistent with
theoretical contributions on skill-biased techno-
logical change, which suggest that in contexts
with high levels of skills, business digitalization
may disproportionately benefit already skilled
workers and, if not adequately balanced, con-



tribute to widening inequality. These findings
reinforce the importance of approaching digital-
ization as a multidimensional process and high-
light the need for carefully considered policy re-
sponses.

System GMM

Digital public services —3.491
(p = 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

Table 1: System GMM estimate and diagnostics

6. Conclusions

This thesis examines the relationship between
digitalization and socioeconomic inequality in
the European Union through a multidimen-
sional and comparative approach. By construct-
ing a revised composite digitalization indicator
aligned with the Digital Decade framework and
extending the analysis to the regional level in
Italy, the study contributes to the literature by
offering a more integrated view of digital devel-
opment across countries and territories.

The empirical results indicate that digitalization
does not generate uniform distributional effects.
When digital development is considered in ag-
gregate terms, realized digital outcomes are sig-
nificantly associated with reductions in inequal-
ity, whereas enabling conditions alone do not
display the same relationship. This suggests
that the effective use and implementation of dig-
ital technologies play a more immediate role in
shaping distributional outcomes than the mere
expansion of digital capacity.

One of the most robust findings concerns the
role of digital public services. Across multiple
specifications and robustness checks, higher lev-
els of public-sector digitalization are consistently
associated with lower levels of socioeconomic in-
equality. This relationship is particularly pro-
nounced for youth-related outcomes, support-
ing the interpretation that digital public services
may contribute to inequality reduction by low-
ering administrative burdens and improving ac-
cess to education, guidance, and labor market
services. Other digital pillars, by contrast, dis-

play weaker or more context-dependent associa-
tions, underscoring the heterogeneous nature of
digitalization processes.

At the same time, the interaction between busi-
ness digitalization and digital skills highlights
that digital transformation can also produce un-
even effects when contextual factors are taken
into account. The results suggest that firm-level
digital adoption may be associated with more
equal outcomes in low-skill environments, while
its distributional benefits weaken and may even
reverse in high-skill contexts. This pattern is
consistent with the logic of skill-biased techno-
logical change and points to the importance of
considering how different dimensions of digital
development evolve jointly rather than in isola-
tion.

Several limitations should be acknowledged.
The short time horizon of the dataset restricts
the analysis of dynamic effects and limits the
scope for strong causal inference, despite the use
of complementary estimation techniques. More-
over, the construction of composite indicators
necessarily involves methodological choices re-
lated to indicator selection, normalization, and
aggregation, which may affect measurement.
The analysis also highlights some limitations of
the current Digital Decade framework, partic-
ularly with regard to the definition and mon-
itoring of policy targets. While the frame-
work represents an important step toward a har-
monized assessment of digital development, it
would benefit from a greater number of realistic
targets, greater consistency in indicator defini-
tions across years, and more frequent data col-
lection for key dimensions. These considerations
point both to avenues for future research, includ-
ing the use of longer panels and more consistent
data, and to potential improvements in EU dig-
ital monitoring tools.

From a policy perspective, the findings suggest
that achieving an inclusive digital transforma-
tion requires more than expanding average dig-
italization. In particular, the results emphasize
the central role of digital public services in trans-
lating digital progress into more equitable out-
comes. Given that digital public services rep-
resent one of the areas in which governments
can intervene most directly, the findings support
greater policy attention to improving their qual-
ity and accessibility to reduce administrative



burdens and improve access to education and
welfare opportunities. Beyond significant tech-
nological investments in service quality, poli-
cies should include campaigns to ensure effective
adoption among disadvantaged groups, comple-
mentary measures to develop digital skills, and
non-digital support measures.

At the same time, the results indicate that poli-
cies aimed at promoting business digitalization
should be carefully coordinated with the broader
skill environment. In contexts characterized by
high levels of skills, business digitalization may
disproportionately benefit already highly quali-
fied workers, as its returns tend to be concen-
trated among them. This highlights the need
for complementary policies on skills and train-
ing, alongside targeted support measures for af-
fected workers in order to facilitate transitions
and mitigate adjustment costs. In conclusion,
this work supports a nuanced interpretation of
the Digital Decade agenda and provides a foun-
dation for further research aimed at understand-
ing how to realize the full potential of digitaliza-
tion in delivering inclusive benefits.
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