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Abstract

The development and wider use of information and communication technologies
(ICT) are at the core of the EU’s strategic course to intensify digital transformation.
This is complicated by significant differences between EU member states in this area,
the alignment of which is becoming an important task for supranational policy. The
paper, therefore, aims to cluster EU countries by their ICT development level and iden-
tify key differences. A dataset was generated based on 18 relative ICT development
indicators used in the ICT Development Index and the Digital Economy and Society
Index. In the first stage, based on the k-means method, the EU countries were divided
into three clusters, which characterize their differences in the ICT development level.
Then, using the decision tree method, indicators were identified that absolutely dis-
tribute the resulting clusters, confirming their specificity. The parameters that reflect
the most significant differences between EU countries in ICT development include
individuals using the Internet, active mobile broadband subscriptions per 100 inhabit-
ants, mobile data and voice high-consumption basket price, fixed-broadband Internet
basket price, ICT graduates, fiber to the premises coverage, mobile broadband take-up,
and 5G spectrum. This has demonstrated the critical importance of the spread and
availability of the Internet, mobile technologies, and human resources for intensifying
digital transformations within the EU. The results can be used in supranational poli-
cies to support the development of ICT and digital transformations and also serve as a
guide in ensuring digital progress in individual member countries.

Keywords EU countries, ICT development indicators, clustering,
classification analysis, differences, supranational policy,
digital transformation

JEL Classification €38, 030, 052

INTRODUCTION

The rapid progress and use of information and communication tech-
nologies (ICT) in various sectors of the economy observed in recent
decades have brought about significant structural and functional
changes, stimulated economic activity, innovation, and investment,
and contributed to overall economic growth. Digitalization, aimed at
enhancing efficiency and improving production chains, logistics, and
management systems, increases the global competitiveness of national
economies. Therefore, digital transformations have become a global
trend of socio-economic modernization.

The EU is implementing an ambitious Digital Decade policy aimed at
the transition to a digital economy. It is focused on four main areas:
digital skills, digital infrastructure, digital transformation of business
and public services, and support for the green transition (European
Commission, n.d.). In the context of the intensification of digital
transformations envisaged by this policy, attention to ICT develop-
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ment and, accordingly, to overcoming significant differences between member states in this area that
hinder the achievement of common goals is naturally increasing. From a supranational policy perspec-
tive, this poses the challenge of assessing the similarities and key differences between EU countries in
terms of ICT development. This will enable a more rational prioritization of support for the digital sec-

tor, particularly for lagging member states.

1. LITERATURE REVIEW

ICT has become one of the most powerful drivers
of economic dynamics and transformation in the
modern economy. The positive impact of digitali-
zation on economic growth has been empirically
confirmed in both the old (EU-15) and new (EU-12)
member states (Mura & Donath, 2023). With the de-
velopment of the digital economy, the importance
of ICT as a factor of economic growth is increas-
ing (Magoutas et al., 2024). Therefore, countries
are trying every possible way to promote the prog-
ress and use of ICT and increase their network
readiness and digital competitiveness (Savulescu,
2015). At the same time, as the European experience
shows, the impact of ICT on the economies of differ-
ent countries has significant features and differences
(Fernandez-Portillo et al., 2020), which is funda-
mentally important, given the EU’s unified course
toward building a digital economy. Implementing
the large-scale Digital Compass strategy in the EU
involves assessing the progress of digitalization pro-
cesses in member states, the level of achievement of
established target indicators, etc. This also requires
a comparative analysis of digital transformations in
different EU countries (Malkowska et al., 2021).

The deployment of large-scale digital transforma-
tions requires taking into account the diverse im-
pacts of ICT, including the decisive importance of
the modernization of industry and infrastructure
(Fura et al., 2024), stimulating economic activ-
ity, innovation, increasing productivity, reducing
social inequality (Cioacd et al., 2020), improving
environmental quality, mitigating the effects of
climate change, and promoting human and finan-
cial development (Arshad et al., 2024). Given this,
the development of ICT is given one of the cen-
tral roles in ensuring positive structural changes
in national economies in the context of the green
transition, in particular, promoting the develop-
ment of a circular economy (Nguyen & Le, 2022;
D’yakonova et al., 2018), increasing the level of en-
vironmental friendliness, and reducing the ener-
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gy intensity of production (Matthess et al., 2023).
Digitalization aims to increase overall efficiency
in the context of ensuring sustainability (Bocean
& Virzaru, 2023; Zhuravka et al., 2019), increas-
ing productivity, and creating new opportunities
for businesses (Ghazy et al., 2022; Zhuravka et al.,
2023). In the EU, harnessing the benefits of ICT is
seen as a prerequisite for the dual (green and digi-
tal) transition and for achieving global leadership,
especially digital leadership (Gao, 2024). Increased
attention is being paid to ICT development, as dig-
italization allows for the simultaneous restructur-
ing of the economy in line with sustainability re-
quirements and an increase in economic efficiency.
One of the important effects of digitalization is the
stimulation of various innovations. Therefore, ICT
progress is closely viewed as one of the conditions
for increasing digitalization and, consequently, in-
novation capacity (Marti & Puertas, 2023). In this
context, the EU seeks to promote the success of
member states in the field of innovation, especially
helping those that are lagging behind, to increase
overall competitiveness. Given this, assessing the
relationship between digitalization and innova-
tion is a separate area of research (Hernandez de
Rojas et al., 2024; Brodny & Tutak, 2024).

The need to develop ICT is due to the growth of
not only economic effects but also the social sig-
nificance of these technologies and digitalization
based on them (Novikova et al., 2020). In the EU,
digital transformation is viewed as a crucial step
in enhancing healthcare systems and ensuring
equitable access to medical services for all popu-
lations (Majcherek et al., 2024; Chatti, 2020). ICT
and advanced digital technologies (Internet of
Things, machine learning, blockchain, etc.) allow
for significant improvements in healthcare value
chains (Mauro et al., 2024). In addition, ICTs are
increasingly used to improve education and train-
ing systems and digitalize the delivery of relevant
services, which has a significant positive impact on
human capital and a corresponding effect on em-
ployment growth and the well-being of the popu-
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lation (Laitsou et al., 2025). Digitalization also sig-
nificantly changes the conditions under which civil
society operates, which is particularly important
for the EU given its political, legal, and spatial spec-
ificities. ICTs are transforming the way citizens
communicate, participate in political processes,
utilize services, and interact with organizations
operating within the EU. This includes, in partic-
ular, the implementation of e-government (Golob
etal., 2024).

Given the importance of digitalization for the
green transition, economic growth, increased ef-
ficiency and competitiveness, and its significant
social impacts, the EU prioritizes supporting digi-
tal transformation. The basis for this is the prog-
ress of ICT (Quaglio et al., 2016). To formulate the
relevant EU policy, it is important to monitor the
achievements of individual member states, their
characteristics, the gaps between them, the lag of
individual countries behind the leaders, and the
average level in the EU. Moreover, it is essential
to understand the key indicators that, at a certain
point, most significantly differentiate countries in
terms of ICT development.

ICT development has become an important inde-
pendent object of socio-economic research. To as-
sess differences between countries, special inter-
national indices that summarize various indica-
tors are widely used in addition to traditional sta-
tistical monitoring. The ICT Development Index
has long been one of the most authoritative glob-
ally (James, 2012). Another special index used by
the EU is the Digital Economy and Society Index
(Bruno et al., 2023). This index measures the level
and dynamics of digitalization and is also used to
assess the convergence of EU countries in the digi-
tal sphere (Szajt et al., 2024).

Analyzing ICT development, digitalization pro-
cesses, and their consequences at the macro
level involves the use of a large set of indicators
(Perumal et al., 2024). Accordingly, this compli-
cates comparisons between countries, although
in the EU, this is critical for understanding na-
tional characteristics and differences (Zhuravka et
al., 2021; Biernacki et al., 2023), identifying lead-
ers in building a digital economy to share expe-
riences and ensure common progress in the EU
(Kiselakova et al., 2022; Palale & Ishida, 2024).
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Given the multifaceted and multifactorial nature
of ICT development, its study at the EU level re-
quires specific methodologies for comparison
across member countries (Banhidi & Dobos, 2023;
Hunady et al., 2022). Therefore, there is a need to
improve the methods for conducting international
comparisons, a generalized analysis by groups of
countries, particularly the EU, covering a specific
set of indicators for assessing ICT development.
In addition to defining leadership, these methods
should identify key parameters that differentiate
countries. This is important for justifying deci-
sions supporting technological change and indi-
vidual countries within supranational policies.

This paper aims to cluster EU countries by ICT
development level and to identify key differences
between them, considering the strategic course for
intensifying digital transformations.

2. METHODS

To conduct the study, a set of quantitative indi-
cators was formed that is used in two authorita-
tive international indices designed to assess ICT
development at the national level, namely, the
ICT Development Index (IDI) (International
Telecommunication Union, 2025) and the Digital
Economy and Society Index (DESI) (European
Commission, n.d.).

Eight relative indicators were taken from the IDI
in unnormalized values. Two indicators (mobile
broadband Internet traffic per mobile broadband
subscription and fixed broadband Internet traffic
per fixed broadband subscription) were excluded
from the analysis because they are presented in
absolute values.

Ten relative indicators from the Digital Skills
Indicators and Digital Infrastructure Indicators
sections (except for the “5G SIM cards share of
population” indicator, for which there is not much
data) were taken from DESI, which directly in-
volves the development of ICT and does not di-
rectly duplicate the IDI components.

A dataset was formed for further analysis based

on the indicators selected from the IDI and DESI
(Table 1).
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Table 1. General list of indicators selected from IDI and DESI characterizing ICT development

at the national level

Source: ICT Development Index 2024 (International Telecommunication Union, 2025) and DESI indicators 2024 (European Commission, n.d.).

Variable

Indicators

1. Indicators included in the IDI

Individuals using the Internet, %

Households with Internet access at home %

: Active mob||e broadband subscrlpt‘lons per lOO |nhab|tants

: Populatron covered by at Ieast a3G mob|Ie network %

l\/lo ile data and v0|ce hlgh consumpt‘lon asket price, as % of GNI2 per caplta

: leed broadband Internet basket prlce as % ofGNI per caplta

X |nd|V|dua|s who own a mob||e phone, %

2. Indicators included in the DESI

X ICT specialists % oftotal employment o

ICT graduates % of graduates

: Share of fixed broadband subscrlpt‘lon >= lOO l\/lbps % of ﬁxed broadband subscrlpt‘lons

Share of fixed broadband subscrlpt‘lon >= 1 Gbps % of ﬁxed broadband subscrlptlons

: F|><ed | Very High- Capacity. Network coverage % of households

: F|ber to the Premises coverage, % of households

I\/Iobile Broadband take—up, % of individuals aged 16-74

: 5G coverage, % of households

5G coverage in the 3.4-3.8 GHz band, % ot households

i 5G spectrum, % of harmonlzed spectrum a55|gned

Note: *LTE — Long-Term Evolution; 2GNI —

When assessing the formed set of parameters, it
should be noted that they are heterogeneous and
specific. The groups of indicators for IDI and
DESI complement each other, expanding the
range of analysis areas. The full list of indicators
(see Table 1) does not contain completely dupli-
cated or mutually exclusive indicators. The data
distribution nature for each indicator is not taken
into account. Also, possible relationships and mu-
tual influence between different indicators are not
taken into account; they are considered indepen-
dent. The same significance is attributed to the
indicators, and their contribution to ICT devel-
opment is assumed. In terms of change, all indi-
cators do not have a minimum value. The desired
change for most indicators is to maximize their
value, except for price indicators x_ and x.. Some
indicators can potentially saturate at 100% (this is
clearly visible at x ., and x5). At the same time, even
in indicators with potential saturation, signifi-
cant differences are observed between countries.
In general, it can be said that the resulting set of
indicators satisfies the conditions of systematic-
ity, completeness, and diversity in characterizing
such a complex phenomenon as the development

http://dx.doi.org/10.21511/ppm.23(2).2025.63

Gross National Income.

of ICT at the country level, covering its various
aspects. Given the above and the authority of IDI
and DESI, the dataset presented in Table 1 can
be used to compare EU countries in the ICT area
(the initial data and the results of the first stage of
calculations are presented in Table A1, Appendix
A). Identifying key parameters of differentiation
of EU countries by ICT development level will
take place in two stages.

The first stage involves dividing EU countries in-
to clusters based on ICT development indicators.
The indicators presented in Table 1 form a feature
space, i.e., an “object-property” table for cluster-
ing, in which the objects are countries, and the
features are indicators (parameters), the values of
which characterize the ICT sphere. As a result of
clustering, the countries in the set are divided into
clusters based on ICT development parameters, i.e.,
into distinct natural classes. Countries assigned to
a certain cluster are relatively similar to each other,
and countries from different clusters are relatively
different. This will serve as the basis for determin-
ing the key parameters that differentiate countries
in the future.
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The possibility of clustering is preliminarily as-
sessed using 2D and 3D visualization based on the
existing dataset. The optimal number of clusters
is determined based on the dendrogram and spe-
cial indices (Sum of Squared Error Index, Davies-
Bouldin Index, Trace Index, Calinski-Harabasz
Index, Dunn Index, and PBM Index). Given the
nature of the data, it is planned to use the general-
ly accepted k-means method (Euclidean distance
metric) for clustering, which is widely used in so-
cio-economic research. The methodology for cal-
culating the k-means method is well-known and
does not require additional explanations. Tools
for visualization, dendrogram construction, index
calculation for determining the optimal number of
clusters, as well as performing calculations directly
on clustering, are available on the ScienceHunter
web portal.

The second stage is the selection, through classifi-
cation analysis, of information groups of features
(IGFs) that most distinguish the obtained clusters.
The basis for the classification analysis is the train-
ing sample (the “object-class” table), constructed ac-
cording to the list of indicators (together with em-
pirical data) given in Table 1, with the division of EU
countries into classes, which are recognized as clus-
ters obtained in the first stage.

Based on the compactness hypothesis, IGFs are
relatively small combinations of indicators with
the maximum, if possible absolute, discriminatory
(separating) ability or informativeness, as close as
possible to the informativeness of the entire train-
ing sample. IGFs indicate the most significant dif-
ferences between clusters and, accordingly, the pa-
rameters by which all countries from the popula-
tion included in different clusters differ from each
other. Therefore, the indicators included in the IGF
are key parameters for differentiating EU countries
by ICT development level.

The IGFs are determined based on the mathemati-
cal processing of the obtained training sample, for
which the logical-combinatorial decision tree meth-
od is used. As a result of processing, one or several
IGFs can be identified. Their information content is
compared with the information content of the entire
training sample, based on which the most suitable
combinations for analysis are selected. Based on the
study’s objective, not only the IGFs are important,
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but also the indicators included in them. Therefore,
in the case of identifying several highly informative
IGFs, all indicators from these combinations can be
considered key parameters for differentiating EU
countries.

The information content of the training sample,
each of the indicators included in it, as well as their
various combinations for finding the highest quality
IGFs, is assessed using the formula:

1
V(xm“"x?/)zzszx(’:;_f]’ !

Ael

where k is the number of classes (clusters), 71, is
the number of objects belonging to a class (cluster)
Y, A=ttt (0<t, <k, 1), j=1..T
means the arbitrary set of parameter values
Xipseees X (1 <I< n), m,, denotes the number of
sampling sets of the m class, for which the rela-
tionx, =t; (] = 1,...,F) is performed, ¢, are the
values of parameters x;; in the set of A, I' means
variety of all sets of parameter values x;,...,x;.
With complete separation of classes, this estimate
acquires a limiting value of 1. It is important to
note that such an estimate is calculated directly
from the training sample data.

3. RESULTS

The proposed methodology, based on Data Mining
methods, is applicable to international studies,
where new non-obvious patterns are sought in
multidimensional data sets for a set of countries.
Specifically, this concerns the definition of key pa-
rameters for differentiating EU countries based on
their ICT development level.

Based on the list of indicators given in Table 1, a set
of empirical data for EU countries was compiled.
Using 3D visualization, dendrograms, and special
indices, it was determined that clustering can be
carried out based on the existing dataset, and the
optimal number of clusters into which the set of EU
countries is best divided is three. This is the exact
quantity that is specified for mathematical process-
ing, which resulted in the following distribution:

1. Cluster I: Austria, Denmark, Estonia, Finland,

Ireland, Luxembourg, the Netherlands, and
Sweden;

http://dx.doi.org/10.21511/ppm.23(2).2025.63



2. Cluster II: Belgium, Cyprus, France, Hungary,
Latvia, Lithuania, Malta, Poland, Portugal,
Romania, Slovenia, and Spain;

3. Cluster III: Bulgaria, Croatia, the Czech

Republic, Germany, Greece, Italy, and Slovakia.

Primary data, the results of dividing EU countries
into clusters based on ICT development indicators,
as well as calculated additional analytical estimates
for clusters and the entire set of countries, are pre-
sented in Table Al (Appendix A). The calculation
of median values of indicators showed conditional
leadership of Cluster I over both other clusters, in
particular, for Xy Xy Xgp Ko Xy X0 X35 Xy s Xy Xy X
and x,, (the absolute maximum was achieved for x,);
for the remaining indicators, Cluster I is somewhat
inferior to Clusters II and III. At the same time, in
terms of maximum values, Cluster [ is ahead of both
other clusters also in many indicators, in particular,
Xy Xy Xp Xp Xy X5 and X, (the absolute maximum
was reached for x o X and X, 6). Each cluster naturally
has its own leading and outsider countries, which
can be a separate aspect of analysis. The difference
between each indicator’s minimum and maximum
values shows a different range. The coeflicient of
variation for the set of countries exceeded the con-
ditional threshold of 33% for the following indica-
tors: X, X, X, X, , and X, and for several others (x,
X X, and x,;) it came significantly closer to this
threshold. The coefficients of variation for each clus-
ter are often naturally lower than for the entire set,
although they are also high, in particular in Cluster I
for X X, and X, in Cluster II for X X X, o X and
X, and in Cluster I1I for X X, X, and X, . This re-
veals significant dlfferences between countrles in in-
dividual indicators, primarily concerning prices and

the parameters of using new ICT.

After obtaining the division of countries into clus-
ters (classes), a training sample was compiled and

Table 2. Assessment of the information content of

Problems and Perspectives in Management, Volume 23, Issue 2, 2025

mathematically processed to classify these clusters
to find differences between them. Checking the
training sample’s total separating power (informa-
tion content), i.e., the quality of the available data
set, showed a value of 1, interpreted as the possibil-
ity of absolute separation of all classes. The assess-
ment of the informativeness of individual features
fluctuates from 0.4 to 0.7 (Table 2). This indicates
the absence of any indicator that would, separately
from others, absolutely or at a high level, separate
all classes. This confirmed the need to search for
certain combinations of indicators with higher in-
formativeness than individual indicators.

Given the assessment of the separating power of
the training sample and individual indicators, an
attempt was made to find the IGFs whose informa-
tion content would be absolute or as close as pos-
sible to the complete separation of classes. Initially,
two-feature IGFs were tested, but their informative-
ness turned out to be insignificant. By testing three-
feature combinations, one IGF with an information
content of 0.94 was obtained, which included the X,
x,and x  indicators. The other two combinations
(x X,p X and X X, x17) had significantly lower
separatmg power. An attempt was then made to
find combinations of four features. As a result, five
IGFs were identified, the information content of
which was 1: 1) Xp Xy Xy X, 5 2) Xp Xy X, p X, g5 3)

X,p X5 4) X xM, 5 and 5) X x o Xip Xpsr These
IGFs not only have absolute 1nformat1veness in class
recognition but also combine indicators from both
data sources (IDI and DESI), further confirming
the reliability. Considering that the obtained IGFs of
four indicators were sufficient for the complete dis-
tribution of classes, the search for combinations of
five or more indicators was not conducted.

Thus, IGFs (four indicators each) were invented,
which completely distinguish between clusters
and, accordingly, EU countries. Given this, all in-

individual indicators included in the training sample

Information content L :
i Variable :

Information content

Information content

Variable : { Variable :
: assessment assessment : assessment
X 067 [ T 045 D
X, 069 X 048 s A
X, 0.58 X, 0.50 0.70
7 . il s o ,W,O L
¥ P Fi S oy e 49,‘,‘,‘,‘,‘ B
.‘X.s,. 053 %, 040 13 Cos2
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dicators included in the selected combinations can
be attributed to the key parameters of differentiat-
ing EU countries by ICT development level at the
time of the study since they most determine the
positions of countries in the entire set, that is, they
are the most significant factors of their differen-
tiation by ICT. It should be noted that most of the
indicators in the obtained IGFs are repeated (x, - 2
times, X,- 4 times, X, - 2 times, X, = 2 times, X, 5
times, and X,.-3 times), which also confirms the
correctness of the result obtained. Considering
the significance of each indicator within different
IGFs to be the same and taking into account dupli-
cation, it is possible to compile the following com-
plete list of selected key parameters for differenti-
ating EU countries by their ICT development level:

. X “Individuals using the Internet, %” (the IDI
indicator) is one of the basic indicators that
reflects the scale of ICT use in public life and
generally assesses the level of economic digita-
lization. Increasing the share of individuals us-
ing the Internet is a prerequisite for increasing
other indicators reflecting the state of ICT.

+  Xx, “Active mobile broadband subscriptions per
100 inhabitants” (the IDI indicator) can be
called an infrastructure parameter. It focuses
on the scale of the population’s use of not just
broadband but mobile technologies, which
are of particular importance in modern con-
ditions, particularly in terms of perspective.
The spread of mobile broadband is a condition
for expanding the range and improving the
quality of digital services, increasing data traf-
fic, and creating new opportunities for users.
The indicator reflects the new quality of ICT,
as well as the inclusion of the population in
these processes.

+ x, “Mobile data and voice high-consumption
basket price, as % of GNI per capita” (the IDI
indicator), like the previous indicator, focuses
on using mobile technologies, but from the
point of view of their availability to the popu-
lation. Given the growth of mobile data traffic
and the intensive consumption of certain digi-
tal services, a decrease in the price level is gen-
erally positive, which increases the availability
of ICT and its use by the population. However,
it is also necessary to consider the change in
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the quality of digital services, which is becom-
ing increasingly significant.

X, “Fixed-broadband Internet basket price, as
% of GNI per capita” (the IDI indicator), like
X, assesses the affordability of the Internet,
but fixed broadband, which is already an es-
tablished element of the digital infrastruc-
ture for both the population and businesses.
Broadband is often more widespread in more
developed countries, but given its importance,
the price should be leveled out within the EU.
Additionally, when the price increases, it will
be necessary to consider the impact of these
changes on the quality of such communication.

x,, “ICT graduates, % of graduates” (the DESI
indicator) — the inclusion of this indicator in
the list is logical due to the critical importance
of specialists for the development of ICT and
the intensification of digital transformations.
Countries strive to increase the absolute num-
ber and share of ICT graduates in the employ-
ment structure; however, as the study shows,
there are significant differences between EU
countries in this parameter, which are reflect-
ed in the functioning of the digital sector.

X, “Fiber to the Premises coverage, % of house-
holds” (the DESI indicator) — this indica-
tor shows the spread of this new type of ICT,
which provides higher quality and speed of
the Internet. The increasing use of fiber optics
is a prerequisite for increasing Internet usage
as data traffic volumes and technical require-
ments increase.

X, “Mobile broadband take-up, % of individu-
als aged 16-74” (the DESI indicator), like X,
reflects the population’s involvement in the
digital environment based on the use of mo-
bile broadband. As noted earlier, the indicator
reflects the innovative direction of progress
and use of ICT.

x,, “5G spectrum, % of harmonized spectrum
assigned” (DESI indicator), i.e., the share of
available harmonized radio spectrum allo-
cated for 5G networks, distributed among
telecom operators in a given country. The in-
clusion of this indicator in this list once again
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highlights the importance of mobile technolo-
gies, particularly their new generation, which
expands the possibilities for digitalization and
leverages the advantages of ICT.

Thus, the selected indicators reflect different as-
pects of ICT development and, accordingly, the dif-
ferentiation of EU countries in this area. They also
characterize the conditions for intensifying digital
transformations. In addition to X, and X, which
have a common meaning, the list includes four
indicators (xj, X, Xpor and x18), characterizing the
level of digital infrastructure. In particular, three
indicators relate to mobile technologies, the impor-
tance of which is constantly increasing for provid-
ing digital services. The scale of Internet use (x,),
the percentage of ICT graduates (x,), and infra-
structure capacity parameters (x3, X, X5 and xls)
show characteristic growth patterns that combine
business actions with national and supranational
policy measures. Two additional indicators (x,and
x,) relate to the price aspect, which is also crucial
for expanding the use of ICT. Identifying all these
parameters of differentiation among EU countries
by ICT development level allows for a more target-
ed allocation of resources.

There is a significant difference between EU coun-
tries for most selected indicators. It is character-
istic that the list of selected indicators included
those that have a variation coeflicient (CV) close
to or exceeding the conditional threshold of 33%,
namely, x, - 26.1%, x, — 51.8%, x, - 34.2%, x,, -
35.6%, x,,— 28.00%, and X, — 32.8%. At the same
time, the coeflicient of variation of X, and X, is
low (5.4% and 5.5%, respectively) since their influ-
ence was manifested precisely in combinations. On
the other hand, for some indicators not included
in the selected IGFs, the coefficient of variation is
close to or significantly greater than 33%, namely,
x,~28.8%, x,,— 28.5%, x,,— 117.9%, and x,,—47.1%,
but they were not included in the selected IGFs (al-
though x _was included in combinations with three
features). This also speaks to the value of combi-
nations and encourages research into the relation-
ships between the individual indicators. For ex-
ample, x,, with a high coefficient of variation did
not fall into any of the selected IGFs (four indica-
tors), apparently due to the lack of empirical con-
nection, and therefore, cumulative information
content, with other indicators.
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4. DISCUSSION

The proposed methodology is a simple, reliable,
and practically universal approach to conduct-
ing comparative analysis when a specific set of
objects, such as countries, exists and a system of
features characterizes these objects within a par-
ticular subject area, in this case, ICT development.
The methodology can be effectively applied inde-
pendently or as part of more complex methods for
comparing countries. In general, this approach is
one of the multivariate analysis methods that al-
lows for obtaining qualitative results that can be
interpreted to explain the cause-and-effect rela-
tionships of certain phenomena. The apparatus
of international comparisons is particularly im-
portant for the EU since the implementation of its
strategies, including in the area of digital trans-
formation, presupposes an increase in the level of
convergence (gaps minimization) between mem-
ber countries for overall progress. In the context
of resource constraints, this requires focusing on
priority indicators of progress and the use of ICT,
which is especially important for lagging coun-
tries and for more effective support from the EU.

The proposed methodology and the obtained re-
sults have theoretical significance and potential
for practical use, expanding analytical capabili-
ties and complementing various areas of research,
namely:

1) A study of the main factors of ICT develop-
ment at the national level allows them to be
identified not by expert means (Palale &
Ishida, 2024) but empirically based on inter-
national comparisons.

2) Analysis of the competitiveness of countries
by comparing them using a system of indica-
tors and creating a synthetic indicator mea-
suring digitalization level (Marti & Puertas,
2023). A logical continuation of this is the
identification of key parameters for differen-
tiating these countries, in particular by ICT
development level.

3) Rankingofthedigital development of EU coun-
tries (Banhidi & Dobos, 2023). The proposed
method for assessing the informativeness of
ICT development indicators is a qualitative al-
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ternative to other methods for determining the 7) Measuring the impact of digital transformation

overall weights of indicators for ranking. on the economies and societies of EU countries
enables the identification of their cohesion and

4) Assessing the dynamics of ICT development recognition of the digitalization gap between
in EU countries (Savulescu, 2015). Given the them (Maltkowska et al., 2021). This can be
complex nature of network readiness, it is supplemented by classification analysis to de-
advisable to use the proposed methodology termine the key parameters of differentiation
to identify those components in which the between different groups of EU countries in
greatest differentiation between countries is ICT development, which is also a characteristic
observed. of the digital divide.

5) Assessing the level of the digital economy in 8) Identifying differences between EU country
EU countries (Kiseldkova et al., 2022). In this groups, particularly their subregions, based
approach, which covers a large number of in- on multivariate comparison of digital readi-
dicators, the proposed methodology aims to ness, clustering, and ranking through factor
identify the strengths and weaknesses of indi- analysis (Hunady et al., 2022). The proposed
vidual countries in ICT development. methodology can be an alternative approach

to international comparison by examining dif-

6) A study of the differentiation of digital eco- ferences between EU subregions and assessing
nomic development in the EU and differenc- the informativeness of indicators for ranking
es between member states in developing the countries by ICT development level.

digital economy (Biernacki et al., 2024). For

this purpose, a taxonomic index was used, To summarize the above, the obtained results can
which has shortcomings in establishing the be used to formulate the EU ICT support policy
weights of indicators. The proposed method- (Quaglio et al., 2016), making it possible to justify
ology establishes the configuration of gaps its priorities not only based on an expert survey but
between countries and empirically assesses through empirical research. The indicators thus
the information content, i.e., the significance identified can also serve as benchmarks for in-
of indicators in differentiating countries, i.e., dividual EU countries to accelerate the improve-
their weights. ment of their positions relative to others.

CONCLUSION

The EU’s strategic course to accelerate digital transformation requires special attention to ICT develop-
ment. However, the implementation of this course is complicated by significant differences between mem-
ber states. Therefore, the aim of this study was to identify the main parameters of differentiation among
EU countries according to their level of ICT development. For this purpose, a set of 18 indicators (from
IDI and DESI) and a corresponding data set were formed. Based on this, the EU countries were divided
into three clusters using the k-means method based on the similarity of ICT development indicators.
Then, using the logical-combinatorial method of the decision tree, five combinations of indicators (four
parameters in each) were identified, according to which the resulting clusters were completely differ-
ent. Taking into account the duplication, a general list of indicators has been formed that is included in
these combinations and which, accordingly, are key parameters for differentiating EU countries by ICT
development, namely: individuals using the Internet (%), active mobile broadband subscriptions per 100
inhabitants, mobile data and voice high-consumption basket price (% of GNI per capita), fixed-broadband
Internet basket price (% of GNI per capita), ICT graduates (% of graduates), fiber to the premises cover-
age (% of households), mobile broadband take-up (% of individuals aged 16-74), and 5G spectrum (% of
harmonized spectrum assigned). Thus, it has been empirically confirmed that these parameters are of
operational importance for the intensification of digital transformations at the EU level. At the same time,
their development is a priority for accelerating ICT development in the member states and ensuring con-
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vergence. This can be used to justify decisions within the framework of supranational digital policy. In ad-
dition, the highlighted parameters can serve as benchmarks for lagging member states since their increase
will facilitate faster overcoming of the gap with the leading countries. In the future, it is planned to test
an approach to studying global asymmetry in the development of ICT.
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APPENDIX A

Table Al. EU country clusters by ICT development indicators

Indicators (the numbering corresponds to Table 1)

Countries T ; ; T : : : : ; ; ;
x1 : xz : xa : X4 : xs : xe : X7 : xs : xs §x1o§ x11 : x1z : x13 : x14 : x15 : x15 : x17 : x18
Cluster |
Austria 93.6:93.2:121.3: 98.0:98.0: 0.2 : 0.7 :970: 53 : 5.3 :41.52: 0.00 .67.62 40.97:94.21 .96.03 79.10: 99.17

92.5:95.6:123.3:99.0:99.0: 05 : 11 :874:69 44 :72.03: 413 :98.33 :77.66:98.73:100.00: 0.00 : 33.33

Note: *CV — Coefficient of variation.
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