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ABSTRACT

Research background: Digital transformation has become a key driver of productivity growth, innovation, and structural
change in modern economies. Within the European Union (EU), the adoption of digital technologies is increasingly vie-
wed as an important factor shaping competitiveness and long-term economic performance. However, empirical evidence
on how digital intensity translates into sectoral economic outcomes across EU economies remains limited and often
overlooks cross-country heterogeneity.

Purpose of the article: The main aim of this paper is to examine the relationship between digital intensity and sectoral
value added across EU economies and to determine whether the economic returns to digitalization vary across coun-
tries. The study also investigates whether EU economies can be grouped into distinct clusters according to their digital
intensity and economic performance.

Methods: The empirical analysis is based on sector-level panel data for selected economic sectors across EU member
states covering the years 2022-2024, sourced primarily from Eurostat databases on digital intensity and sectoral eco-
nomic performance. Digitalization is measured using the Digital Intensity Index (DIl), which captures the extent to which
enterprises adopt and integrate digital technologies. The relationship between digital intensity and sectoral value added
is examined using fixed-effects panel regression models controlling for sector-, country-, and time-specific heterogeneity.
A baseline specification estimates the average effect of digital intensity, while a heterogeneous country-slopes model
captures potential differences in digital returns across national economies. To explore structural similarities among EU
economies, hierarchical cluster analysis using Ward’s method and squared Euclidean distance is also applied.

Findings & Value added: The findings offer implications for both policymakers and business practitioners. For policy-
makers, the results suggest that digitalization strategies should be tailored not only to country-specific conditions but
also to sectoral characteristics, as the economic returns to digital technologies differ across industries. For firms and
sectoral managers, the findings indicate that investments in digital technologies may yield larger productivity gains, parti-
cularly in sectors and countries where digital adoption is still evolving, underscoring the importance of aligning digital
strategies with sector-specific operational and technological conditions.
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2025b)—has substantially reshaped production proces-

INTRODUCTION ses, business models, and patterns of value creation
S _ _ across industries (Figura et al., 2025). Within the Eu-
D|g|taI|zat|op h_as become a central drllver of economic ropean Union (EU), digital transformation is widely re-
transformation in contemporary economies (Valaskova et garded as a key pillar of long-term economic competiti-
?ll., 20253) The rapld 'dlfoS|0n of d|g|ta| teChnOIog|eS— veness (Nagy’ 2025)Y innovation Capacity (Zabojmk &
including cloud computing (Wang et al., 2025), data ana-  Branch, 2025), and productivity growth (Radulescu,
lytics, digital platforms (Chatterjee et al., 2025), and ad-  2025). Policy initiatives such as the Digital Europe Pro-
vanced communication infrastructures (Valaskova et al., gramme and the European Digital Strategy emphasize
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strengthening digital capabilities across firms and sectors
to support sustainable economic growth and enhance the
global competitiveness of EU economies (Pentek et al.,
2025). In this context, digital intensity—commonly mea-
sured as the extent to which enterprises adopt and inte-
grate digital technologies into their operations—has att-
racted increasing attention as an indicator of economic
modernization and structural change.

A growing body of empirical literature reports a positive
relationship between digitalization and economic perfor-
mance. Prior studies show that higher levels of digital
adoption are associated with increased productivity, im-
proved firm performance, and higher value added, con-
tributing to stronger macroeconomic growth. Evidence
from European economies further suggests that digital
technologies can enhance labour productivity, support
innovation, and strengthen competitiveness across ma-
nufacturing and service sectors. Nevertheless, important
gaps remain in the literature. Many studies rely on
aggregate indicators of digitalization and economic per-
formance, often overlooking sectoral differences within
national economies. Empirical analyses also frequently
assume relatively uniform digitalization effects across
countries, despite differences in economic development,
institutional conditions, and sectoral structures. Moreo-
ver, limited attention has been devoted to assessing
whether EU countries form distinct digital-economic
groupings when digital intensity and economic perfor-
mance are considered jointly.

These limitations point to a research gap in understan-
ding how digital intensity translates into economic out-
comes across sectors and national contexts within the
EU. Addressing this gap requires empirical analyses that
combine sector-level economic indicators with country-
specific digitalization measures and allow for heteroge-
neity across national economies. In this regard, the pre-
sent study contributes to the literature by examining both
the economic effects of digital intensity and structural
differences in digital development across EU countries.
Specifically, the paper addresses the following research
questions:

RQ1: What is the relationship between digital intensity
and sectoral value added in EU economies, and does
this relationship vary across countries?

RQ2: Do EU economies form distinct groups according
to their digital intensity and economic performance?

To address these questions, the main aim of this paper is
to examine the relationship between digital intensity and
sectoral economic performance across EU economies,
with particular emphasis on cross-country heterogeneity
in the economic returns to digitalization. The analysis
employs the Digital Intensity Index (DIl) as a key indica-
tor capturing the extent to which enterprises adopt and
integrate digital technologies into their business activi-
ties. Using sector-level panel data for EU member states,
the empirical investigation focuses on selected sectors
representing both traditional industries and knowledge-
intensive services. The relationship between digital in-
tensity and sectoral value added is first estimated using

fixed-effects panel regression models that control for
sector-specific, country-specific, and time-specific hete-
rogeneity. In addition to the baseline specification, which
estimates the average effect of digital intensity, a hetero-
geneous country-slopes model is used to capture poten-
tial cross-country differences in marginal economic re-
turns to digitalization. The novelty of this study lies in
combining sector-level econometric analysis with a coun-
try-level clustering approach, enabling assessment of
both the productivity effects of digital intensity and broa-
der structural patterns of digital-economic development
across EU economies. To further examine these pat-
terns, hierarchical cluster analysis is applied to group
countries based on digital intensity, estimated digital re-
turns, and economic performance indicators.

The remainder of the paper is organized as follows. The
Theoretical Background section reviews the literature on
digital transformation, digital intensity, and their relation-
ship with economic performance. The Research Objecti-
ve, Methodology and Data section defines the research
objective, describes the dataset and variables, and pre-
sents the econometric and clustering methods. The Re-
sults and Discussion section reports and interprets the
empirical findings, including regression estimates and
clustering results. Finally, the Conclusion section su-
mmarizes the main results, discusses implications for
understanding digital transformation in EU economies,
and outlines directions for future research.

THEORETICAL BACKGROUND

Higher digital intensity is systematically associated with
stronger firm-, sector-, and economy-wide performance
in the EU, and this relationship is commonly framed in
terms of productivity, value added, and GDP. Digital
technologies are also increasingly used to support eco-
nomic decision-making processes, including financial
analysis and risk assessment (Balcerzak et al., 2025a,
2025b). Verdes et al. (2024) show that a higher share of
SMEs with at least basic digital intensity is positively cor-
related with value added per SME across EU countries.
Using panel data for the EU-27, Kadarova et al. (2023)
find that digital intensity and adoption of digital tools sig-
nificantly improve small and medium-sized enterprise
(SME) performance, emphasizing that more digitalized
firms generate higher value added and better growth
prospects. Brodny and Tutak (2022a) report that SMEs
create 53% of total value added in the EU-27 non-finan-
cial business sector and show that countries with more
digitally mature SMEs achieve higher GDP per capita,
implying that SME-level digitalization scales up to stron-
ger national value creation. In a related study on enter-
prise digitalization, the same authors construct firm-level
digitalization indices and identify a positive, statistically
significant association between business digitalization
and key macroeconomic indicators (Tutak & Brodny,
2022; Brodny & Tutak, 2022b). Privara et al. (2025) fur-
ther show that providing portable digital devices to em-
ployees in EU-25 countries increases gross value added
per unit of net fixed assets, whereas connectivity without
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adequate skills may reduce this ratio, highlighting that
effective digital intensity—rather than mere technological
access—enhances capital productivity.

Additional empirical evidence supports the macroecono-
mic relevance of digitalization. Rehman and Nunziante
(2023) demonstrate that digital-economy proxies such as
e-government, e-commerce, and household internet ac-
cess have a positive and statistically significant impact
on regional total factor productivity across EU-27 NUTS2
regions. Olczyk and Kuc-Czarnecka (2022), Bocean and
Varzaru (2023), Criveanu (2023), and Lobont et al.
(2025) all find that composite measures of digital trans-
formation exert a strong positive effect on GDP per capi-
ta and related output indicators. Similar conclusions are
reported by Valaskova et al. (2025¢), who show that stra-
tegic alignment between digital transformation initiatives
and organizational processes contributes positively to
firms’ financial performance. Sector- and firm-level stu-
dies point in the same direction. Recent research also
emphasizes the growing role of advanced Industry 4.0
technologies, including artificial intelligence, digital twins,
and Internet-of-Things-based systems, which enable
real-time monitoring and optimization of production pro-
cesses (Nagy et al., 2025). Lastauskaite and Krusinskas
(2023) document that digital investment in manufacturing
firms across EU-27 countries is closely associated with
higher operating revenues, indicating that digital techno-
logies can enhance productivity and value creation in
industrial activities. Da Silva et al. (2025) similarly show
that higher digital maturity in manufacturing SMEs is lin-
ked to increased labour productivity and export perfor-
mance. Ivanova and Grmanova (2023), using Digital
Economy and Society Index (DESI) dimensions as inputs
in data envelopment analysis (DEA) models, find that
more advanced digitalization is associated with a higher
information and communication technology (ICT) share
of GDP. Kyshakevych et al. (2024) further demonstrate
that in countries such as Malta and the Netherlands, high
SME digital intensity combined with cloud adoption and
e-commerce turnover is efficiently translated into higher
GDP per capita, exports, and stronger international in-
vestment positions.

Across these contributions, digital intensity is operationa-
lized using various indicators, including SME DIl measu-
res, DESI components, adoption of cloud and big-data
technologies, and broader digital-economy proxies cap-
turing firms’ digital capabilities. Within the EU statistical
framework, the DIl is among the most widely used indica-
tors for assessing enterprise digital adoption, as it aggre-
gates the use of several digital technologies into a single
composite measure of digital maturity. Despite differen-
ces in data, methodology, and levels of analysis, the em-
pirical literature consistently suggests that higher digital
intensity is associated with stronger productivity perfor-
mance and greater value creation. Overall, EU-focused
studies indicate a predominantly positive relationship
between digital intensity and economic performance
across firm and sectoral levels, providing a strong basis
for expecting a similar association at the sectoral level in

EU economies. This evidence provides the theoretical
and empirical foundation for the first hypothesis:

H1: Higher digital intensity is positively associated with
sectoral value added across EU economies.

A related strand of literature examines heterogeneity in
digital transformation across EU countries and the emer-
gence of distinct digital-economic patterns. Bocean and
Varzaru (2023) analyse the systemic interaction between
digital transformation, sustainability orientation, and eco-
nomic outcomes. Using factor models and cluster analy-
sis, they identify groups of EU economies characterized
by different digital and sustainability profiles and show
that digitally advanced clusters achieve the highest eco-
nomic performance, whereas lagging clusters exhibit
lower digital readiness and weaker outcomes. Banhidi
and Dobos (2023) examine digital development through
the lens of the EU core—periphery divide. Using DESI
sub-dimensions together with posets, tiered DEA, and
cluster analysis, they identify country groups with similar
levels of digital development and show that economically
stronger countries are typically concentrated among digi-
tal leaders, whereas peripheral economies more frequen-
tly appear among digital laggards, although notable ex-
ceptions such as Estonia exist.

Other studies explore clustering patterns in broader digi-
tal-economy contexts. Bilozubenko et al. (2020) cluster
EU economies using a comprehensive set of digital-eco-
nomy indicators and identify leaders, followers, and out-
siders, interpreting these clusters as evidence of persis-
tent digital convergence and divergence within the EU.
Pinto et al. (2023) analyze clusters based on three latent
dimensions of digitalization, especially digital empower-
ment, enterprise digitalization and broadband access,
and reveal situations where strong digital infrastructure
does not necessarily translate into high levels of enter-
prise digitalization, thereby influencing national competi-
tiveness and innovation capacity. Further contributions
focus on the relationship between business-level digitali-
zation and macroeconomic outcomes. Brodny & Tutak
(2022a) classify EU-27 countries according to the digital
maturity of SMEs and show that clusters characterized
by highly digitalized SMEs are generally associated with
higher GDP per capita, whereas several newer member
states form a distinct lagging cluster. Similarly, Chepeliuk
et al. (2025) cluster countries based on business-envi-
ronment digitalization indicators and the Legatum Pro-
sperity Index, highlighting that institutional quality and
welfare conditions influence both digitalization strategies
and economic competitiveness. Several studies also
analyze digital clustering within the broader context of
Industry 4.0 and technological transformation. Malkows-
ka et al. (2021) and Hunady et al. (2022) identify groups
of countries with different levels of technological perfor-
mance within the frameworks of Society 4.0, Economy
4.0, and Companies 4.0, interpreting these patterns as
evidence of persistent digitalization gaps between Nor-
thern and Southern Europe. Similarly, Stankovic et al.
(2021) construct a composite digital competitiveness
index and identify clusters of countries characterized by
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different levels of digital performance, with Nordic eco-
nomies consistently appearing among the digital leaders.
Recent research further highlights that digital clusters do
not always align perfectly with other dimensions of socio-
economic development. Kosikova & Vasanicova (2025)
classify EU countries separately according to digital rea-
diness and sustainable development performance, identi-
fying cases where digital leaders perform relatively wea-
ker in sustainability outcomes and vice versa. Pakhnenko
et al. (2025) identify clusters of European economies
using self-organizing maps based on ICT infrastructure,
sectoral ICT activity, and digital adoption indicators, re-
vealing a persistent divide between digital leaders and
less advanced economies despite gradual convergence
trends.

Taking together, these studies demonstrate that digital
transformation across EU economies is characterized not
only by differences in the intensity of digital adoption but
also by distinct structural patterns linking digitalization to
economic performance. Empirical studies focusing on EU
economies consistently show that digital transformation
is unevenly distributed across countries and is associa-
ted with distinct patterns of economic performance. Clus-
ter analyses and comparative studies identify groups of
countries with similar levels of digital development, often
distinguishing between digital leaders, followers and cat-
ching-up economies. These findings indicate that diffe-
rences in digital intensity are closely linked to broader
structural and economic characteristics, supporting the
expectation that EU economies can be grouped into dis-
tinct digital-economic clusters. Consequently, the literatu-
re suggests that EU countries may form groups with simi-
lar digital-economic profiles, which motivates the second
hypothesis:

H2: EU economies can be grouped into distinct clusters
reflecting differences in digital intensity and economic
performance.

Building on these insights, the empirical analysis in this
study examines both the productivity implications of digi-
tal intensity and the structural heterogeneity of digital
transformation across EU economies. By combining sec-
toral regression analysis with cluster analysis of national
digital-economic characteristics, the study aims to provi-
de a more comprehensive understanding of how digitali-
zation translates into economic outcomes within the EU .

RESEARCH OBJECTIVE, METHODOLOGY AND DATA

The main aim of this paper is to operationalize the re-
search objective by defining the dataset, variables and
empirical methods used to examine the relationship bet-
ween digital intensity and sectoral economic performan-
ce across EU economies. The empirical analysis is ba-
sed on panel data covering selected sectors of EU eco-
nomies. The data are primarily sourced from Eurostat
databases, which provide harmonized and comparable
statistics on digital intensity and sectoral economic per-
formance across EU member states. Eurostat data are
widely used in empirical economic research due to their

methodological consistency, reliability and cross-country
comparability, making them suitable for panel data ana-
lysis in the EU context. The dataset combines sector-
level indicators of value added and employment with
country-level indicators of digital intensity for the years
2022 and 2024. The research sample includes all EU
member states and focuses on sectors that are particu-
larly relevant for analyzing the economic impact of digita-
lization. Specifically, the analysis covers several key sec-
tors defined according to the NACE Rev. 2 classification,
including manufacturing (C), construction (F), wholesale
and retail trade (G), transportation and storage (H), in-
formation and communication (J), professional, scientific
and technical activities (M), and administrative and sup-
port service activities (N). These sectors represent a
broad spectrum of economic activities combining traditi-
onal industries with knowledge-intensive service sectors.
They were selected because they differ substantially in
their level of digital adoption and technological intensity,
which provides a suitable setting for examining how digi-
talization translates into sectoral economic performance.
At the same time, these sectors account for a significant
share of economic output and employment within EU
economies, ensuring sufficient variation in both digitaliza-
tion and productivity indicators.

The analysis focuses on two time periods, namely 2022
and 2024. The choice of these years is primarily driven
by data availability for the DIl in its most recent and me-
thodologically consistent specification. These years also
capture the latest stage of digital transformation in EU
economies, allowing the analysis to reflect current digita-
lization patterns. However, the relatively short time di-
mension should be considered when interpreting the
results.

The empirical analysis relies on three key variables de-
scribing sectoral economic performance and the level of
digitalization. Their definitions and measurements are
summarized in Table 1. Sectoral value added represents
the total economic output generated by a given sector
within a country and reflects its contribution to national
economic performance. Digital intensity captures the
extent to which firms adopt and integrate digital techno-
logies into their business processes, including the use of
advanced digital tools, data analytics and digital commu-
nication systems.

To provide an overview of the analyzed variables, Table 2
reports descriptive statistics for the variables included in
the empirical analysis. The distribution of sectoral value
added appears relatively balanced after logarithmic
transformation, while the digital intensity index shows
greater variability across observations, indicating diffe-
rences in the level of digital adoption among EU econo-
mies. Employment also exhibits variation across sectors
and countries, reflecting differences in sectoral labor
intensity.

Before estimating the regression models, the relation-
ships among the main variables were examined using
correlation analysis. Pearson correlation coefficients
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Table 1: Definition and measurement of variables used in the empirical analysis

Variable Variable code Measurement and definition Empirical studies
Natural logarithm of sectoral value added representing the  Brodny & Tutak
economic output generated by individual sectors in each country  (2022a); Olczyk &

Sectoral o . :
value added Ln(VA) and year. Logarithmic transformation is applied to reduce skewness  Kuc-Czarnecka
in the distribution of the variable and to allow the estimated (2022); Rehman &
coefficients to be interpreted as elasticities. Nunziante (2023)
Natural logarithm of the number of employees in each sector. The
s . . . Kadarova et al.
logarithmic transformation accounts for large differences in sector .
Employment Ln(EMP) . . . . . (2023); Privara et
size across countries and ensures that estimated relationships
- al.(2025)
capture proportional rather than absolute changes.
.Sha}re of enterprises with a Yery high DI.I (Ver.su.)n 4). This composﬂe Criveanu (2023)
indicator reflects the adoption of multiple digital technologies and Brodny & Tutak
- digital business processes by firms. The use of Version 4 ensures y
Digital . . . (2022b); Verdes
. . DI methodological consistency with the most recent EU measurement
intensity S 2 ; L . - ; . et al.(2024);
of digitalisation. In this study, digital intensity (DI) is defined as this
. . L . Kyshakevych et
Dll-based indicator and is used as a simplified notation throughout
al.(2024)
the paper.
Source: own elaboration
Table 2: Descriptive statistics of the main variables
Variable Mean Std. dev. 01 Median 03 Min Max
Ln (VA) 9.636 1.516 8.361 9.568 10.783 6.485 13.566
Ln(EMP) 5.549 1.389 4.698 5.499 6.531 2.600 8.921
DI 8.434 10.267 2.248 5.045 10.008 0.000 57.190

Note: 01and 03 denote the first and third quartiles of the variable distribution, respectively. Source: own elaboration

were calculated to assess the strength and direction of
pairwise relationships between the variables. In addition
to correlation coefficients, multicollinearity diagnostics
were conducted using the variance inflation factor (VIF).
Testing for multicollinearity is important in regression
analysis because highly correlated explanatory variables
may distort coefficient estimates and reduce the reliability
of statistical inference.

To examine the relationship between digitalization and
sectoral economic performance, two panel regression
models were estimated. The first specification represents
the baseline fixed-effects model, which estimates the
average effect of digital intensity on sectoral value added
while controlling for sectoral, temporal, and country-spe-
cific heterogeneity. The model can be expressed as fol-
lows:

In(VA; ;) = Po+ BDI , + Ppln(EMP; )+ 7, + 6, +p; + g

1,8,t

where represents the logarithm of sectoral value added
in country , sector , and year, denotes the level of digital
intensity, represents the logarithm of sectoral employ-
ment, captures sector fixed effects, represents year
fixed effects, denotes country fixed effects, and is the
error term. This specification controls for unobserved
heterogeneity across sectors, countries, and time periods
that could influence sectoral economic performance.

To capture potential differences in the economic returns
to digitalisation across countries, a second specification
introduces country-specific slopes for digital intensity.

This heterogeneous specification allows the effect of
digital intensity to vary across national economies
through interaction terms between digital intensity and
country identifiers. The model takes the following form:

In(VA; ;) = Py + piCountry; X DI  , + PoIn(EMP; ) + 1, + 6, + p; + €,

This specification makes it possible to estimate country-
specific marginal effects of digital intensity and assess
whether the productivity gains associated with digitalisa-
tion differ across EU economies.

In the final stage of the empirical analysis, a cluster ana-
lysis was performed to identify groups of EU economies
with similar digital-economic characteristics. The cluste-
ring procedure was applied to country-level indicators
capturing digital intensity, estimated digital returns from
the regression models, and economic performance. Hie-
rarchical cluster analysis was conducted using Ward's
linkage method, which minimises the within-cluster va-
riance during the clustering process. The squared Eucli-
dean distance metric was used as the measure of dissi-
milarity between observations. This approach is widely
used in empirical economic studies because it tends to
produce compact and well-separated clusters. The clus-
tering results are visualised using a dendrogram, which
illustrates the hierarchical structure of similarities among
EU economies. Based on the inspection of the dendro-
gram and the rescaled distance coefficients, the final
cluster solution was selected to identify groups of coun-
tries with comparable digital-economic profiles
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RESULTS AND DISCUSSION

The empirical analysis begins with an examination of the
basic statistical relationships among the analyzed variab-
les. Table 3 summarizes the Pearson correlation coeffi-
cients among the main variables together with VIF statis-
tics, providing an initial overview of the relationships in
the dataset. As expected, sectoral value added and em-
ployment exhibit a strong positive correlation, reflecting
the relationship between sector size and economic out-
put. In contrast, digital intensity shows only a weak asso-
ciation with value added, suggesting that the economic
effects of digitalization may depend on additional structu-
ral factors captured in the regression models. The corre-
lation between digital intensity and employment is slightly
negative. The VIF values remain close to 1, confirming
that multicollinearity is not a concern and that the expla-
natory variables can be jointly included in the regression
models.

Table 3: Modified correlation matrix and multicollinearity

diagnostics
Ln(VA) Ln (EMP) DI VIF
Ln(VA) 1
Ln(EMP)  0.912* 1 1.025
DI 0.027 -0.156* 1 1.087

* denotes statistical significance at the 1% level.
Source: own elaboration

Table 4 presents the results of the baseline fixed-effects
model examining the relationship between digital intensi-
ty and sectoral value added across EU countries. The
coefficient of digital intensity is positive but statistically
insignificant, suggesting that, on average, higher digital
intensity is not associated with higher sectoral value ad-
ded once sector, year, and country fixed effects are con-
trolled for. This finding contrasts with a large part of the
existing empirical literature that identifies a positive rela-
tionship between digitalisation and economic performan-
ce. Rehman & Nunziante (2023) show that digital eco-
nomy indicators significantly increase regional total factor
productivity across EU NUTS-2 regions, while Olczyk &
Kuc-Czarnecka (2022) find that higher levels of digital
transformation are associated with higher GDP per capi-
ta in EU economies. A possible explanation for this diffe-
rence lies in the stricter econometric specification applied
in this study, which simultaneously controls for sectoral,
temporal and country-specific heterogeneity and may
therefore absorb part of the average digitalisation effect
identified in more aggregated analyses.

Table 4: Regression results of baseline model and
heterogeneous country-slopes specification

Estimates of
country slopes

6.653"[18.721]

Estimates of
baseline model

6.327"[17.350]

Var.

Intercept

DI 0.002[0.679] -

Ln (EMP) 0.657[12.559] [O]fg%]
Year 2022 -0.0747[-2.096] -0.067[-1.917]
Country x DI Not included Included
Sector FE Included Included
Country FE Included Included
Observations 376 376

Dependent variable: Ln (VA). t statistics in brackets. FE
denotes fixed effects. ** and * denote statistical signifi-
cance at the 1% and 5% levels, respectively.

Source: own elaboration

In contrast, employment exhibits a strong and statistically
significant positive association with value added, indica-
ting that sectors with higher labour input tend to generate
higher economic output. The joint significance of sector
and country fixed effects further confirms substantial
structural heterogeneity across EU industries and natio-
nal economies. The importance of such structural diffe-
rences has also been emphasised in earlier research,
where the productivity effects of digital technologies are
shown to depend strongly on complementary factors
such as human capital, organisational capabilities and
innovation systems (Liang & Zhang, 2024).

Table 4 extends the baseline specification by allowing the
effect of digital intensity to vary across countries through
country-specific interaction terms. The joint significance
test of these interaction effects indicates that the impact
of digital intensity differs significantly across EU countries
(,), suggesting that the economic returns to digitalisation
are not uniform across national economies. This finding
is consistent with previous research emphasising the
heterogeneous nature of digital transformation across the
EU. Bocean & Varzaru (2023) show that EU countries
differ considerably in how digital capabilities translate
into economic performance, while Banhidi & Dobos
(2023) identify persistent digital development gaps bet-
ween core and peripheral EU economies. Similar conclu-
sions are reported by Valaskova et al. (2025a), who de-
monstrate that digital transformation outcomes across
EU countries are strongly influenced by differences in
governance frameworks and institutional capacities.

Table 5 reports the country-specific slope coefficients for
digital intensity. Positive and statistically significant digital
returns are observed in a limited number of EU econo-
mies, namely Bulgaria, Cyprus, Ireland, Malta and Ro-
mania, indicating that the economic impact of digital in-
tensity varies considerably across countries. These re-
sults suggest that digitalisation may generate stronger
marginal productivity gains in certain national contexts
even when the average effect across the EU remains
statistically insignificant. These cross-country differences
in digital returns may be explained by variations in institu-
tional quality, digital infrastructure, human capital and the
level of technological readiness across EU economies. In
catching-up economies, digital technologies may genera-
te stronger marginal productivity gains as they comple-
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ment existing gaps in efficiency and modernization, whe-
reas in more advanced economies, the marginal effects
of additional digital investments may be lower due to
already high levels of digital saturation.

Table 5: Country-specific effects of digital intensity

Country Digital intensity coefficient
Bulgaria 0.025°[1.811]
Cyprus 0.025"[3.015]
Ireland 0.035"[4.638]
Malta 0.023"[3.519]
Romania 0.041"[1.911]

Dependent variable: Ln (VA). Only statistically significant
country-specific coefficients from the heterogeneous
slopes model are reported. t statistics in brackets. ** and *
denote statistical significance at the 1% and 5% levels,
respectively. Source: own elaboration

Interestingly, the countries with significant digital returns
do not correspond exclusively to the most digitally ad-
vanced economies in the EU. Instead, stronger marginal
effects appear in several smaller or catching-up econo-
mies. A similar pattern has been identified by Brodny &
Tutak (2022a), who classify EU countries according to
SME digital maturity and identify a group of newer mem-
ber states with increasing digital capabilities but distinct
structural economic conditions. Bilozubenko et al. (2020)
also document clusters of EU economies with different
levels of digital development, including catching-up
groups where digital transformation may generate relati-
vely strong productivity gains. This interpretation is fur-
ther supported by broader evidence showing that firm
performance and growth dynamics depend on multiple
structural and managerial factors, including financial per-
formance conditions and risk management practices
(Belas et al., 2025).

A closer inspection of the country-specific coefficients
confirms that positive and statistically significant digital
returns occur primarily in Bulgaria, Romania, Cyprus,
Malta and Ireland. This pattern suggests that the margi-
nal economic benefits of digitalisation may be particularly
pronounced in economies where digital technologies are
still expanding and becoming integrated into production
processes. Conversely, in highly digitalised economies,
additional productivity gains from further digital adoption
may be more limited due to already high levels of digital
saturation. This interpretation is consistent with recent
research highlighting that the economic outcomes of
digital technologies may vary depending on national insti-
tutional arrangements and labour-market structures
(Remeikiene et al., 2025).

To further explore these cross-country differences, clus-
ter analysis is applied to identify groups of EU economies
with similar digital-economic profiles. While the regressi-
on results reveal substantial heterogeneity in country-
specific digital returns, cluster analysis enables the iden-
tification of broader structural similarities across national

economies. Hierarchical clustering groups countries ac-
cording to their digital intensity, estimated digital returns
and economic performance indicators. The use of cluste-
ring techniques in this context is consistent with earlier
studies identifying digital leaders, followers and laggards
within the EU (Bilozubenko et al., 2020; Brodny & Tutak,
2022a; Stankovic et al., 2021). A comparable methodolo-
gical approach is also employed by Valaskova et al.
(2025b) in analysing disparities in digital transformation
within the European public sector.

Figure 1 presents the dendrogram obtained from the
hierarchical cluster analysis using Ward's linkage me-
thod. The dendrogram illustrates the relative similarity
between EU economies based on their digital intensity,
estimated digital returns and economic performance indi-
cators. Countries connected at lower rescaled distances
exhibit more similar digital-economic profiles, whereas
those joined at higher distances are more structurally
different. Such clustering approaches are commonly
used to analyse digital competitiveness and innovation
patterns across countries (Banhidi & Dobos, 2023; Pinto
etal., 2023).

Based on the inspection of the dendrogram and the res-
caled distance coefficients, a four-cluster solution was
selected, providing a clear separation of EU economies
with distinct digital-economic characteristics (Table 6).
This multi-cluster structure aligns with previous research
suggesting that EU countries form several intermediate
digital development groups rather than a simple division
between digital leaders and laggards (Bilozubenko et al.,
2020; Malkowska et al., 2021; Pakhnenko et al., 2025).

Table 6: Cluster classification of EU economies based on
digital-economic characteristics

Digital-economic

Cl. . Countries
profile
Austria, Croatia, Estonia,
Moderate digital G.reece,.Hungary, Latvia,
C1 adopters Lithuania, Luxembourg,
P Netherlands, Poland, Portugal,
Slovakia, Slovenia, Spain
2 Digital leaders Belgium, Denmark, Finland,
Sweden
C3 Large adva.nced France, Germany, Italy
economies
Catching-up Bulgaria, Cyprus, Czechia,
C4 digital .
Ireland, Malta, Romania
performers

Source: own elaboration

The cluster analysis identifies four groups of EU econo-
mies with different digital-economic profiles. The first
cluster represents a heterogeneous group of moderately
digitalized economies, including several Central and
Southern European countries. The second cluster con-
sists of digitally advanced Northern European economies
characterized by high digital intensity and strong econo-
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mic performance. The third cluster includes large Wes-
tern European economies such as Germany, France and
Italy, while the fourth cluster comprises several smaller or
catching-up economies where the regression results
indicate relatively stronger marginal productivity gains
from digitalization. This clustering pattern partly corres-
ponds with earlier empirical findings on the digital divide
in Europe. Studies by Stankovic et al. (2021) and Banhidi
& Dobos (2023) consistently identify Nordic economies
as digital leaders and several Eastern European coun-
tries as digital followers or catching-up economies. Simi-
lar cross-country heterogeneity is also observed in other
areas of technological development, as shown by Jurac-
ka et al. (2025), who document substantial differences in
innovation and environmental performance across EU
member states.

Figure 1: Hierarchical clustering of EU economies based on
digital-economic indicators

Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine
0 5 10 15 20 25
1 1 1 1

[

J

a 1

Source: own elaboration

The combined regression and cluster results highlight
substantial heterogeneity in the economic returns to digi-
talization across EU economies. While the baseline mo-
del does not reveal a statistically significant average ef-
fect of digital intensity on sectoral value added, the hete-
rogeneous country-specific specification demonstrates
that digitalization generates stronger productivity gains in
certain national contexts. The cluster analysis further
confirms that EU economies can be grouped into distinct
digital-economic profiles reflecting differences in digital
adoption, economic structure and productivity dynamics.
These findings indicate that the economic benefits of
digitalization are uneven and strongly conditioned by
national and sectoral structural factors, contributing to
the broader debate on digital divides within the EU. From
a policy perspective, these findings suggest that digitali-
zation strategies should be differentiated across coun-

tries, considering national structural conditions and sec-
toral characteristics. From a managerial perspective,
firms should consider the specific stage of digital deve-
lopment within their country and sector when designing
digital investment strategies, as the expected productivity
gains from digitalization may vary substantially across
contexts

CONCLUSION

This study examined the relationship between digital
intensity and sectoral economic performance across EU
economies. Using sector-level panel data and the Digital
Intensity Index (DII) as a measure of enterprise digitaliza-
tion, the analysis investigated whether higher digital in-
tensity is associated with higher sectoral value added
and whether these effects vary across countries. The
empirical framework combined fixed-effects panel regre-
ssion with hierarchical cluster analysis to capture both
the productivity implications of digitalization and structu-
ral differences across EU economies.

The results indicate that digital intensity does not have a
statistically significant average effect on sectoral value
added once sectoral, country-, and time-specific hetero-
geneity are controlled for, suggesting that the economic
benefits of digitalization are not uniform across sectors
and countries. However, the heterogeneous country-slo-
pes specification reveals substantial cross-country varia-
tion in digital returns. Positive and statistically significant
effects are identified primarily in several smaller or cat-
ching-up economies, including Bulgaria, Cyprus, Ireland,
Malta, and Romania, indicating that digital adoption may
generate stronger marginal productivity gains in contexts
where digital technologies are still expanding. The fin-
dings also suggest sectoral variation in digitalization ef-
fects, with knowledge-intensive and digitally adaptable
sectors more likely to benefit than traditional industries,
where complementary investments and capabilities may
be required.

The cluster analysis further confirms structural heteroge-
neity across EU economies. The results show that coun-
tries form distinct digital-economic clusters characterized
by different levels of digital intensity and economic per-
formance. Digitally advanced Northern European eco-
nomies constitute a group with high digital intensity and
strong economic outcomes, whereas several Central and
Southern European economies form a more heterogene-
ous cluster with moderate levels of digitalization. In addi-
tion, a group of catching-up economies exhibits relatively
stronger marginal productivity gains associated with digi-
talization. These findings imply that digital transformation
in the EU follows differentiated national trajectories rather
than a single, uniform development path.

From a policy perspective, the results imply that strate-
gies supporting digital transformation should account for
country-specific structural conditions, including sectoral
composition, technological readiness, and institutional
environments. Targeted investments in digital technolo-
gies, digital skills, and infrastructure may therefore yield
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particularly strong productivity gains in catching-up eco-
nomies. From a theoretical perspective, the study contri-
butes to the literature by demonstrating that the relation-
ship between digital intensity and economic performance
is heterogeneous and conditioned by both country- and
sector-specific characteristics. From a practical perspec-
tive, the findings suggest that firms and sectoral mana-
gers should align digital investment decisions with sec-
tor-specific technological and operational conditions to
maximize productivity gains.

posite indicator of enterprise digitalization (DII), which
may not fully capture key dimensions of digital transfor-
mation, such as digital skills, organizational capabilities,
or the quality of implementation. Future research could
extend the analysis by incorporating longer time series,
additional indicators of digital transformation, and more
granular firm-level data, while also examining the role of
complementary factors—such as digital skills, innovation
capacity, and institutional quality—in shaping the econo-
mic returns to digitalization in Europe.

Despite these contributions, several limitations should be
acknowledged. First, the analysis relies on sector-level
data covering a limited period (2022-2024), which con-
strains the ability to capture longer-term dynamics of
digital transformation. Second, the use of aggregated
sectoral indicators does not allow the analysis to account
for firm-level heterogeneity in digital adoption and pro-
ductivity effects. Third, the study relies on a single com-
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