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Abstract

Research background: Digitalization in the context of the COVID-19 pandemic has accelerat-
ed significantly across Europe, including in regions that are at the stage of catch-up develop-
ment. However, as innovative technologies are intensively integrated into everyday life, the
digital gap between the EU countries is increasing. The widening digital gap is becoming
a serious threat to achieving the EU's sustainable development goals and building a sustaina-
ble European society.

Purpose of the article: The purpose of the article was to empirically substantiate the inclu-
siveness and convergence of the digital strategy in the EU countries.

Methods: Using the method of fuzzy sets, the level of asymmetry in access to transactional
(e-commerce), information (cloud computing), operational (artificial intelligence) technologies
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in the EU countries was assessed. The negative impact of the digital gap within the countries
(the gap between small, medium, large companies) and the global digital gap (the gap be-
tween EU countries) on the competitiveness of countries was established, for which correla-
tion analysis and the Granger causality test were used.

Findings & value added: The findings of this study contribute to the literature of digital
transformation and digital gap of European countries. The impact of the digital gap in transac-
tional, information, operational technologies on the competitiveness of countries is differenti-
ated depending on the level of digitalization of the country. Cluster groups of countries are
determined by the convergence of digitalization and ways to ensure long-term competitive-
ness. The directions for reducing the digital gap in the EU countries are substantiated by
changing the priorities of spending on innovation and increasing productivity, diversifying
the digital technologies used. The empirical results obtained can serve as a basis for improving
the effectiveness of the digitalization policy in the EU countries in accordance with individual
convergence goals. The main added value of the paper is related to the presented research
procedure, which can be used in analyses of digital technologies development also for other
countries. The results provide valuable insights into evaluating the digital technologies in
European countries.

Introduction

The digitalization of society in modern conditions is an integral fundamen-
tal process of economic, socio-political transformation and cultural trans-
formation around the world, due to the acceleration of demographic
changes, the deterioration of climatic conditions (Nadoleanu et al., 2022).
Digital transformation has become the most effective way for enterprises to
develop nowadays, and digitalization has become an important motive for
shaping innovative economic models (Liu et al., 2023). Digitalization in-
volves rethinking the approach to business, social security, increasing effi-
ciency by optimizing and automating business processes, as well as organ-
izing the coordinated work of IT systems. The ongoing digital transfor-
mation forces companies to rethink business strategies, ways of doing
business, business models and operations (Verhoef et al., 2021; Plekhanov et
al., 2022).

Increasing competitiveness and productivity, improving communica-
tion and accelerating managerial decision-making based on technological
innovations has been the backbone of the European Union (EU) develop-
ment over the past seven decades (Tutak & Brodny, 2022). Digitalization
improves people's lives, education, ensures economic growth and eco-
protection, and increases the level of country competitiveness (Marti &
Puertas, 2023). Many countries in the EU have been able to achieve an ad-
vanced level of digitalization of society and receive 20% more economic
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and social benefits than countries whose economies are at the entry level in
the region (PwC, 2012). The need to accelerate the digitalization of all areas
of socio-economic development has become especially acute during the
spread of the COVID-19 pandemic. Many countries have developed special
policies aimed at driving digital innovations to ensure competitiveness in
the highly competitive post-COVID-19 society (Luo et al., 2023), and digital
skills have formed the basis of modern management of the socio-economic
system and the healthcare system (Marhraoui, 2023; Reddy et al., 2023, Ma
et al., 2022).

Increasing demand for digitalization and its intensification has drawn
more attention to the digital inequality both worldwide and in the EU
countries. For example, Denmark and Spain provide the population with
almost 100% high-speed Internet coverage (World Economic Forum, 2022).
Whereas at the beginning of 2022, countries such as: Italy has 44% cover-
age, Cyprus has 41% and Greece has 21%; and they are characterized by the
lowest level of coverage (World Economic Forum, 2022). In addition, the
EU digital gap is characterized not only by the level of development of the
country's economy, but also by population or regional affiliation. For ex-
ample, in rural areas of Greece, high-speed Internet access is completely
absent. In the Czech Republic, this figure is 7%, while in Finland it is slight-
ly higher: 12% of rural houses (Eurostat, 2022a). Besides, the digital gap in
EU countries caused by different technological developments requires
changes in the approach to modern technologies, greater educational activ-
ity, and the launch of innovative digital businesses (Malkowska et al., 2021).

The ambitious strategic goal of the EU by 2030 is to achieve 100% con-
nectivity of the continent through gigabit internet connectivity (European
Commission, 2022). However, despite the fact that over the past 8 years, EU
countries have reduced the gap in binary access to the Internet by 54%,
most countries have not made significant strides in technological innova-
tions (World Economic Forum, 2022). With the process of intensifying the
digitalization of society in low-income countries, the cost of mobile broad-
band Internet is becoming increasingly expensive, but in developing EU
countries, in relation to the average income of the population, Gigabit In-
ternet is 18 times more expensive than in developing countries, and this
represents a significant problem in implementing initiatives to increase
access to digital technologies and aggravates the digital gap (Eurostat,
2022a).
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Minimizing the digital gap between EU countries is becoming more and
more urgent as critical aspects of everyday life such as education, financial
services, healthcare, media, communications and more become increasing-
ly dependent on access to digital technologies. Given the fact that the gap
within the EU in digital skills development (digital technology use) (as of
2022, only 50% of the EU population had digital skills) is even greater com-
pared to Internet access, not addressing the problem will aggravate ine-
qualities in economic development, access to health services, education,
etc., which will adversely affect the implementation of the EU goals in the
Sustainable Development Agenda (Van Kessel et al., 2022). Digital trans-
formation of the countries must ensure sustainability and benefits for socie-
ty (Nosratabadi et al., 2023) as well as achieve integrated smart, sustainable
and inclusive growth at the European level (Akande et al., 2019).

Analysing the digital transformation of the countries and the digital
gap, various studies exist on current trends and challenges (Schradie, 2011;
Skare & Riberio Soriano, 2021; Lythreatis ef al., 2022). There are also nu-
merous research papers that analyze efficiency and digital transformation
of countries in different areas: economic, social, ecological or public gov-
ernance (Akande et al.,, 2019; Nosratabadi et al., 2023; Carlsson &
Roénnblom, 2022; Hung et al., 2023; Marti & Puertas, 2023).

However, the authors usually focus on the analysis of narrow issues by
using selected variables and limited areas. Therefore, the research out-
comes obtained by different scientists do not always allow for comparison.
Taking into account the complexity of the digital development of the coun-
tries as well as the high significance of upgrading the digital policies of the
countries according to the European Agenda, it is highly necessary to
broaden the research approach both empirically and methodologically. The
impact of the digital gap in transactional, information, and operational
technologies on the competitiveness of countries and the effectiveness of
the digitalization policy in the EU countries in accordance with individual
convergence goals to ensure European competitiveness and achieve the
sustainability of the European economy are essentially needs. Our research
responds to this need, both in terms of the research framework and the
approach used.

As part of our study, we made an attempt to compare the level and dy-
namics of the digital gap in terms of information technology modifications
in the EU countries at the present stage of innovative development and
achievement of sustainable development goals. Our research contributes on
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numerous aspects to the development of the conceptual framework of the
digital gap. First, we emphasized the importance of a comprehensive study
of the second level of the digital gap in today's environment, as the devel-
opment of information skills provides opportunities for the use of various
types of information technologies. Secondly, we came to the conclusion
that not only does the digital gap still exist in the EU in terms of binary
access to the Internet, but the gap in the types of use of information tech-
nologies is widening. Overcoming such digital gaps requires comprehen-
sive and timely solutions.

The purpose of the article was to empirically substantiate the inclusive-
ness and convergence of the digital strategy in the EU countries. The explo-
ration and insights of this paper primarily address the digital gap in trans-
actional, informational, and operational technologies and substantiate the
inclusiveness and convergence of the digital strategy in the EU countries,
which is highly relevant to ensuring sustainable development. In order to
achieve the goal of this study, analyses, syntheses of data regarding the
literature on the digital gap have been explored. A comparative analysis of
selected indicators of digital transformation in the 28 EU member countries
based on the public Eurostat statistics has been conducted. For data analy-
sis and estimation of the digital gap, a multi-method approach based on
various methods was applied. Thus, the fuzzy set method was chosen as it
allows for a balanced estimation of the level of digital indicators. Fibonacci
rule was used to estimate the qualitative level of the digital gap. In addi-
tion, correlation analysis was used to assess the impact of digitalization and
the digital gap on the competitiveness of the countries. Statistica 12 pro-
gram has been applied to analyse data based on the methods mentioned.
The findings provide an opportunity to identify a group of countries that
have converged on digitalization and determine ways to ensure long-term
competitiveness. In addition, the empirical results obtained can serve as
a basis for improving the effectiveness of the digitalization policy in the EU
countries in accordance with individual convergence goals.

The remainder of this paper is structured as follows: in the following
section, a review of relevant literature will be conducted. In section 3, the
research methodology and data sources will be presented. The following
section will present the results and discussion. Subsequently, the most sig-
nificant conclusions will be summarized and research limitations provided.

691



Equilibrium. Quarterly Journal of Economics and Economic Policy, 18(3), 687-716

Literature review

Scientific studies of the digital gap are characterized by a fairly short period

of observation. There is no solid, formed base of conceptual provisions and

theories. The term “digital gap” itself appeared relatively recently at the
end of the 20th century, which implied differences in access to the Internet
among different segments of the population (Acilar et al., 2011; Guo &

Wan, 2022; Liao et al., 2022; Civelek et al., 2023).

Investigation of digital transformation from a corporate perspective and
determination of asymetry on the micro level are significant to provide
relevant guidance for formulating digital related policies and ensuring
integration of the digital economy and real economy (Sun et al., 2022a;
2022b).

With the development of digital technologies and the complexity of dig-
ital processes, the content of the digital gap has become more complex, and
in more modern works, the digital gap already reflected three components:
— inequality of access to the Internet within a region, country, mainland,

etc,;

- a gap in the development of digital skills, the expected possibility of
introducing and using various digital technologies: transactional (elec-
tronic commerce), information (cloud computing, big data analysis, ma-
chine learning), operational (3D printing and robotics, Internet of
things, artificial intelligence);

— awareness of the usefulness of using digital technologies (The World
Bank Group, 2020).

The most researched aspect in academia is the first level of the digital
gap, while the third level of the digital gap seems to be largely unexplored
due to the lack of scientific development of the second level of the digital
divide (Sanchez-Torres, 2019; Bickley et al., 2021).

Brunet-Thornton et al. (2019), Appiah-Otoo and Song (2021) argued that
digitalization, depending on the level of digital skills and the type of tech-
nologies used, can have a twofold effect on innovation development: widen
or narrow the gap, regardless of the regional level of research. In view of
the fact that transactional technologies and mastering the skills of their use,
they mainly involve the digitalization of the main functions of various
types of payments, sales and marketing. Therefore, their introduction into
business, the social environment creates a huge potential for achieving
geographic solidity, convergence by overcoming market barriers for medi-
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um and small enterprises, etc. (Pliskin et al., 2006). SME’s are more flexible
and changeable with instant transactional technologies, but implementa-
tion of operational technologies requires high investment, and budget defi-
ciencies slow down such development (Ulas, 2019). Conversely, according
to Dondapati et al. (2022), Bonsén et al. (2021), such types of digital technol-
ogies as big data analytics or robotics, representing modifications of infor-
mation and operational digital technologies contribute to an increase in the
digital gap due to the capacity and high cost of implementation, the need to
form a medium and high level of digital technologies for their implementa-
tion. This means that these types of information technologies, as they de-
velop, can exacerbate the digital gap and cause the destruction of competi-
tiveness at the level of a region, country, or cross-country inequality. Based
on the forgoing:

H1: The digital gap between small and large companies is more significant when
using operational technologies than when using transactional technologies, and its
impact on competitiveness is more destabilizing.

Digital adoption dynamics in businesses in the EU differ by size of
companies and type of technology, and large firms in the EU faster adopt
big data in their businesses compared with medium and small companies
(Skare & Riberio Soriano, 2021). Moreover, digitally developed economies
lead the way in information technology, so country-level and firm-level
research to explore the nature of the digital technology adoption mecha-
nism is significant (Lythreatis et al., 2022; Skare & Riberio Soriano, 2021).
Digital technologies spillover effects are higher in high- and middle-income
to low-income countries and poor government policies, inadequate infra-
structure contribute to the creation of specific challenges in each country
(Marti & Puertas, 2023, Lythreatis et al., 2022). The competitiveness and
digital development of enterprises are highly dependent on the external
environment, including the national legislative framework (Luo et al.,
2023). The destabilizing effect of the digital gap on competitiveness necessi-
tates the simultaneous development of all types of digital technologies for
small, medium and large companies. At the same time, different levels of
economic development of the EU countries, different financial opportuni-
ties, and different levels of development of the legislative framework in the
field of digital economy regulation cast doubt on the need for synchroniza-
tion across countries. In this regard, hypotheses are formulated:
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H2: To ensure the competitiveness of countries, the priority should not be to en-
sure global inclusiveness and convergence of digital technologies between all EU
countries, but to achieve convergence within the country.

HB3: In order to ensure the competitiveness of the EU countries, the emphasis in the
development of digital technologies and the elimination of the digital gap between
small and large companies is shifting from the development of transactional tech-
nologies to information and operational ones as the digitalization of countries de-
velops.

The estimation of the digital transformation of the economy and society
has been explored by numerous researchers. Most papers are based on the
Digital economy and society index, Digital competitiveness index, Human
development index or others indicators, which characterize economic
growth. However, most studies are limited to one type of method, one area
(for example society), or indicators.

For example, clustering method with the k-means algorithm was used
by (Polozova et al., 2021) to group EU-28 countries and show the linkage
between digital and human development as well as the linkage between
digitalization and global competitiveness of the EU countries, based on
Eurostat data. Such research was limited to a single method and area. Simi-
larly, Marti and Puertas (2023), Malkowska et al. (2021), Nosratabadi et al.,
(2023) used the approach of grouping EU countries according to the simi-
larities and differences in digital transformation. In addition, researchers
used an advanced approach with the application of the multi-criteria deci-
sion-making method (TOPSIS) to rank the countries according to the level
of digitalization and innovations (Marti & Puertas, 2023), as well as techno-
logical and economic development (Malkowska et al., 2021).

However, digital transformation processes in small and large enterpris-
es are different (Ulas, 2019; Dondapati et al., 2022; Bonsén et al., 2021). At
the same time, it is important to evaluate digital transformation by type of
technology (Hallward-Driemeier et al., 2020), since each of them has its own
development features, which should be the basis for the formation of
a national digital strategy. This particular component is the peculiarity of
our analysis, which distinguishes it from other research.

Against this backdrop, we propose to measure the digital transfor-
mation in European countries, considering both types of digital technolo-
gies and the volume of enterprises, based on a multistep approach. This
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enables not only cross-country comparisons, but also cross-enterprises and
cross-digital technologies.

In particular, cluster analysis answers questions such as which cases are
more similar to each other, while the fuzzy method can identify differences
in configuration that represent sufficient conditions for an outcome
(Greckhamer et al., 2018; Ordanini et al., 2014; Pappas & Woodside, 2021).
The fuzzy set method is becoming more popular in a large part of studies:
e-business and marketing (Pappas et al., 2016; Pappas, 2018, Woodside,
2017), strategy and organizational research (Fiss, 2011; Greckhamer et al.,
2018), consumer psychology (Schmitt et al., 2017), etc. To identify the level
of use of digital technologies (transactional, informational, and operational)
by companies in EU countries and the digital gap — the level of asymmetry
in access of small, medium and large companies to these technologies, we
attempted to use the fuzzy set method. This is advisable since this method
allows us to obtain a balanced assessment of the level of digitalization,
avoiding a situation where high values of some indexes compensate for
low values of others.

Research methods

The research methodology involved the use of the fuzzy set method (trape-
zoidal membership function) to identify the level of use of digital technolo-
gies (transactional, information, operational) by companies in the EU coun-
tries and the digital gap — the level of asymmetry in the access of small,
medium and large companies to these technologies. The use of the fuzzy
set method is due to the fact that it allows to get a balanced assessment of
the level of digitalization, avoiding a situation where the high values of
some indicators compensate for the low values of others. To assess the level
of use of digital technologies, indicators were used (Table 1) for the period
2015-2021 for small, medium, large companies in EU-28 member countries
and states that have EU candidate status (Eurostat, 2022a). To take into
account the fact that digital transformation is distinguished on the volume
of enterprise (Lythreatis et al., 2022; Skare & Riberio Soriano, 2021), it is
reasonable to analyse indicators according to the group of small, medium
and large companies. The category of small enterprises includes enterprises
with 1049 employees, medium enterprises with 50-249 employees, and
large enterprises with 250 employees and more (Eurostat, 2022b). Accord-
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ing to the methodology of Eurostat (2022a), the sample for the EU countries
was formed by enterprises of all industries in the amount of about 151
thousand enterprises. Based on the approach, which focuses on three types
of process technologies within Industry 4.0, the indicators have been select-
ed for the analysis (Hallward-Driemeier et al., 2020).

Among the indicators of the use of transactional technologies, those that
characterize the volume of e-commerce, the use of electronic accounts,
which take into account the functionality of websites for automating e-
commerce. The degree of use of information technologies is described by
indicators of the share of enterprises that carry out cloud computing and
analyze big data. The scale of the spread of operational technologies is de-
scribed through indicators of the use of the Internet of Things, artificial
intelligence, 3D printing, industrial and service robots by enterprises (The
World Bank Group, 2020). Based on the values of the indicators (Table 1),
the Cronbach's Alpha coefficient was calculated in the Statistica 12 pro-
gram. The coefficient value was 0.79 for the group of transactional technol-
ogies, 0.84 for information technologies, and 0.86 for operational ones. The
value of the coefficients is in the range of 0.7-0.9, which statistically con-
firms the consistency of the choice of indicators to characterize each type of
digital technologies (Hair et al., 2017).

The range of digitalization indicators (Table 1) is divided into 3 levels
according to the Fibonacci rule (Formula 1) and adjusted using the t-test for
independent samples (Megits et al., 2020).

{Dl = Dpin + 0.38(Dmax — Diin ) 1)

Dy = Dpin + 0.62(Dmax — Drin)

where:

D indicator of digitalization;

Dhnin the minimum value of the digitalization indicator for a sample of
countries;

Dinax the maximum value of the digitalization indicator for a sample of
countries;

[Dinins D1] low-level range of digitalization indicators;

(Dy; D,] range of the average level of digitalization indicators;

(D2; Dinaxl high-level range of digitalization indicators.
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As a result, the ranges of levels were formed, the differences in the val-
ues of the indicators between which are statistically significant according to
the t-test at p=0.05. Values that were not included in these ranges formed
intermediate levels.

The integral indicators of the development of digital technologies are
determined separately for transactional (TS, TM, TL), information (IS, IM,
IL), operational (OS, OM, OL) technologies in the context of small, medium
and large enterprises according to the formulas (2)-( 5) (Krawczak &
Szkatuta, 2020).

1, Dimin < D; <Dy

JPe=b o p<p 2
= Dy — Dy’ i1 i i2 )
0' Diz < Di < Dimax
O' Dlmm < Dl. < Dl.l
Di =Dy D.<D:. <D
DiZ _ Dil » il i i2
po={ 1 Dip <D; <D 3)
Dy = Dy Dia < D: < D,
Di4 _ Di3 » M3 i i4
0, Di4 < Di < Dimax
0, Dimin <D; < Dj3
_JPimDs o p<b 4
Uz = Dy — Dy D < Pi<Dus 4)
1' Di4 < Di < Dimax
DI = X0 q g X Aqg + phag X Agi + pag X A3y, (5)
where:
" the probability of referring the i indicator to a low level, u, — to average
level, u3 — 3 to high level;
Di the indicator of digitalization;
Dimin the minimum value of the i indicator of digitalization in the sample of
countries;
Dimax the maximum value of the i indicator of digitalization in the sample of
countries;

Di1 - Du values of the digitalization indicator, adjusted using the t-criterion, which
correspond to the low, medium and high levels of indicators;
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DI the value of the integral indicator of digitalization (TS, TM, TL, IS, IM, IL,
0S, OM, OL);
A conditional variables that, depending on the level of the i-th indicator, take

on the following values: A:=0 for a low level, A:=0.5 for an average level,
As=1 for a high level;

n the number of indicators on the basis of which the integral indicator is
calculated

The digital gap is calculated separately for transactional (AT), infor-
mation (Al), operational (AO) technologies for each country as an absolute
difference in the values of the integral indicator of the development of cer-
tain technologies among large and small enterprises. The qualitative level
of the digital gap (low, medium, high) is determined by the Fibonacci rule
(formula 1).

The Global Digital Gap (GDG) for all EU countries and countries that
have EU candidate status is calculated as the coefficient of variation of the
integral indicator of the development of digital technologies (TS, TM, TL,
IS, IM, IL, OS, OM, OL) for transactional, information, operational technol-
ogies.

Correlation analysis was used to assess the impact of digitalization and
the digital gap on the competitiveness of the countries. Correlation coeffi-
cients are calculated for the period 2015-2021:

— between the integral indicator of the use of transactional technologies
and the indicator of competitiveness for small enterprises (rrs-c), medi-
um-sized enterprises (rmm-c), and large enterprises (rri-c);

— between the integral indicator of the use of information technology and
the indicator of competitiveness for small enterprises (ris-c), medium-
sized (rm-c), and large enterprises (ri-c);

— between the integral indicator of the use of operating technologies and
the indicator of competitiveness for small enterprises (ros-c), medium-
sized (rom-c), and large enterprises (ror-c);

— between the transactional gap and the indicator of competitiveness (rar-
)

— between the information gap and the indicator of competitiveness (rai-c);

— between the operational gap and the indicator of competitiveness (rao-c);

— between the global digital gap and the indicator of competitiveness
(repe-c).

The direction of cause-effect relationships between the studied indica-
tors was determined using the Granger test in the EViews 10 program (Ta-
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ble 2). The use of the Granger test and correlation analysis became possible
due to the normal distribution of the estimated indicators and their station-
arity, proven by the extended Dickey-Fuller test (Rajbhandari & Zhang,
2021).

The probability of a lack of communication does not exceed 5%, which
indicates the impact of digitalization and digital gap indicators on the
competitiveness of EU countries and countries that have EU candidate
status. In order to determine the priority areas for digitalization of the EU
countries and countries that have EU candidate status, to ensure their com-
petitiveness, cluster analysis was employed, using the hierarchical cluster-
ing method (to determine the number of clusters) and k-means to deter-
mine cluster members and check the statistical significance of the results).

For clustering, digitalization indicators (TS, TM, TL, IS, IM, IL, OS, OM,
OL) for EU countries and correlation coefficients (r1s-c, ¥tm-c, r1i-c, 11s-c, ¥im-c,
TIL-C, Y0S-C, YOM-C, YOL-C, TAT-C, Tal-C, T40-C, TGpc-c) for the EU countries for the peri-
od 2015-2021, the Statistica 12 program was used.

Results and discussion

The upward dynamics of the digitalization indicators of the EU countries
for the period 2015-2021 indicates an increase in the degree of use of trans-
actional, information, operational digital technologies. Despite this, for all
countries, the actual values of the indicators are significantly lower than the
potential ones. The use of the fuzzy set method made it possible to identify
the following levels of digitalization indicators (Table 3).

Based on the obtained ranges of indicators (Table 3), using formulas (2)-
(5), the levels of use of digital technologies in the EU countries were deter-
mined (Figure 1).

Among the EU-28 countries and countries that have the EU candidate
status, Denmark, the Netherlands, Sweden, Norway, Germany, Iceland, the
United Kingdom have higher rates of use of digital technologies. For these
countries, the use of transactional, information and operational technolo-
gies by large enterprises is predominantly at a high level. Despite the high-
est levels of digitalization, the use of technology by SMEs is low to medium
as a result of the high cost of technology and limited access to finance for
SMEs. The income from e-commerce for small enterprises does not exceed
14.7% of the turnover of enterprises, for medium-sized enterprises — does
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not exceed 23.1%. On average, 4.2% of small enterprises, 8.7% of medium

enterprises, and 20.9% of large enterprises use internal analysis of big data

using machine learning (Eurostat, 2022a).

For Czechia, Estonia, Spain, France, Italy, Latvia, Luxembourg, Austria,
Portugal, Slovenia, Slovakia, Cyprus, Lithuania, Ireland, Malta, Finland,
Belgium, the use of digital technologies is less significant, except for the use
of operational technologies by small businesses. The use of these technolo-
gies is low, but higher than in other EU countries.

The lowest digital adoption rates for all enterprises (small, medium and
large) are for the following countries: Bulgaria, Greece, Hungary, Romania,
Montenegro, North Macedonia, Serbia, Bosnia and Herzegovina, Croatia,
Poland. Regardless of the scale of enterprises, the use of technology is char-
acterized by low intensity. The income from e-commerce for small enter-
prises on average for these countries is 8.1% of the turnover of enterprises,
for medium-sized enterprises — 9.3%, for large enterprises — 12.1%. On
average, 1.3% of small enterprises, 2.4% of medium enterprises, and 3.6%
of large enterprises use internal analysis of big data using machine learning
(Eurostat, 2022a).

The statistical significance of cluster analysis is evidenced by the excess
of intergroup variance (between SS) over intragroup variance (within SS)
for all indicators of clustering, the statistical significance of the F-test (Cun-
ningham et al., 2013) for all indicators (Table 4).

The calculated indicators of the use of transactional, information and
operational technologies and the conducted cluster analysis indicate:

1. trends in the development of digitalization in the EU countries and
countries that have EU candidate status;

2. the presence of a digital gap in all EU countries and countries that have
EU candidate status: the level of use of digital technologies increases
with the increase in the size of enterprises;

3. the same countries have higher rates of digitalization in transactional,
information and operational technologies for small, medium and large
enterprises. This indicates that the problems of developing digital tech-
nologies in countries with a low level of technological development are
of a systemic nature: a lower level of economic development and, as
a result, a lack of financial resources for technology development, a less
developed legislative framework.
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The calculated value of the digital gap for the EU countries and coun-
tries that have EU candidate status for 2021 is shown in Table 5.

Countries with less developed digital technologies have a low level of
digital gap — Bulgaria, Romania, Montenegro, North Macedonia, Serbia,
Bosnia and Herzegovina. Higher digital gap has countries with the highest
rates of digital use (Denmark, Netherlands, Sweden, Norway, Iceland). In
terms of technology, there is a more significant digital gap in the use of
operational technologies, and these differences are confirmed by a t-test
(empirical test value of 3.05 is statistically significant at p=0.05) (Cunning-
ham et al., 2013). For other technologies, the digital gap is statistically sig-
nificant at p=0.10. This confirms the hypothesis H1 that the digital gap be-
tween small and large companies is more significant when using opera-
tional technologies comparing with transactional technologies. The use of
operational technologies requires a significant financial basis and the quali-
fications of workers that large companies can provide. At the same time,
these technologies also have a significant return, increasing labor produc-
tivity, profitability of enterprises, and financial stability. Therefore, enter-
prises that have the necessary basis for the development of technologies
tend to expand the scale of the use of operational technologies. The intro-
duction of transactional technologies requires fewer resources, they are
more accessible, so the gap in the use of technologies by small and large
companies is less significant.

To test the second part of the H1 hypothesis that the impact of the digi-
tal gap between small and large companies when using operational tech-
nologies on the competitiveness of companies is more destabilizing, paired
correlation coefficients were calculated.

Correlation coefficients indicate that the impact of the digital gap in the
use of transactional, information, operational technologies on the competi-
tiveness of countries is negative and significant at p=0.10. But analysis
across the entire sample of EU countries and countries that have EU candi-
date status did not confirm the H1 hypothesis that the impact of the gap in
the use of operational technologies on competitiveness is more destabiliz-
ing than the impact of transactional technologies. The power of the digital
gap varies by country.

The impact of the global digital gap on the competitiveness of the EU
countries for a number of countries (Denmark, the Netherlands, Sweden,
Norway, Iceland) is not statistically significant. The values of pairwise cor-
relation coefficients are not statistically significant at p=0.10. Countries that
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are more resilient to the global digital gap and have higher rates of digitali-
zation. For other countries, the correlation coefficients between the global
digital gap and competitiveness are statistically significant at p=0.10.

The calculated correlation coefficients confirm the H2 hypothesis that in
order to ensure the competitiveness of countries, the priority should not be
to ensure global inclusiveness and convergence of digital technologies be-
tween all EU countries, but to achieve convergence within the country.

In the paper (Gavkalova et al., 2017), the authors proved that the cumu-
lative impact of policy leverages and instruments create conditions for the
environment in which the government must take measures in order to en-
sure effective implementation of its regulatory policy based on the inte-
grated index of socio-economic development. Obviously, effective digital
government policy should base on such leverages, directed on leveling the
digital gap within the country. Directions and leverages of government
regulation should be differentiated not only according to each country, but
also according to the type of digital technologies.

To determine the priority directions of the digitalization strategy of the
EU countries and countries that have EU candidate status, countries were
clustered according to the correlation indicators between the indicators of
digitalization, digital gap and competitiveness (Table 6).

During clustering, no statistically significant clustering ability of the
correlation coefficients between the integral indicators of the development
of information and operational technologies among small enterprises was
found. At the same time, the correlation coefficients between the indicators
of the digital gap and competitiveness (rar-c, rarc, rao-c) are statistically sig-
nificant and have a statistically significant clustering ability. This means
that the level of digitalization of small enterprises affects the competitive-
ness of countries, then the correlation coefficients do not have a significant
clustering ability due to the low level of use of information and operational
technologies by these enterprises.

Based on the results of clustering, 3 clusters of countries were identified
that correspond to digitalization strategies (Figure 2).

Cluster 1 was formed by Bulgaria, Greece, Hungary, Romania, Monte-
negro, North Macedonia, Serbia, Bosnia and Herzegovina, Croatia, Poland,
Slovakia, Latvia, Italy, Lithuania, Portugal, Cyprus, Czechia, Slovenia.
These are the countries with the lowest rates of digitalization. For them,
there are higher correlation coefficients between the integral indicator of
the use of transactional technologies and competitiveness, and the highest
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modulo correlation coefficients between the digital divide indicator for
transactional technologies and competitiveness. Therefore, the priority
digitalization strategy for these countries is the strategy for the develop-
ment of transactional digital technologies.

Cluster 2 was formed by Germany, Iceland, the United Kingdom, Esto-
nia, Spain, France, Luxembourg, Austria, Ireland, Malta, Finland, Belgium.
For these countries, the development of information technologies is a prior-
ity in the formation of a digitalization strategy.

Countries with the highest indicators of digitalization (Denmark, the
Netherlands, Sweden, Norway) formed Cluster 3. For these countries, the
strategy for developing operational digital technologies is a priority.

The obtained results confirm the H3 hypothesis: in order to ensure the
competitiveness of the EU countries, the emphasis in the development of
digital technologies and the elimination of the digital gap between small
and large companies is shifting from the development of transactional
technologies to information and operational ones as the digitalization of
countries develops.

The process of digitalization brought about significant changes in the
economy, known as the modern industrial revolution (Adamek & Solarz,
2023), and which is based on digital innovations. This idea is further sup-
ported by the finding that the development of digitalization in the EU
countries, which is important in the era of the digital economy and corre-
sponds to the digital strategy of the EU.

Due to the complexity of the digital transformation process, it is difficult
to estimate it especially in relation to the challenges taking place in the
economy and society. It is worth mentioning the research conducted by
Malkowska et al. (2021), which focused on evaluation of the impact of the
digital transformation of EU countries based on the digitalization of society
and economy. The main reasons for differences in the development of
countries are digital skills and technological development, which lead to
the digital gap. Other empirical studies have demonstrated the differences
in digital skills in the EU countries (Marhraoui, 2023; Reddy et al., 2023; Ma
et al., 2022), which is a significant factor in ensuring the sustainability of the
societies.

Digital transformations in small and large enterprises have their own
features (Ulas, 2019; Dondapati et al., 2022; Bonson et al., 2021) and should
be differentiated in accordance with the type of digital technologies (Hall-
ward-Driemeier et al., 2020). Our findings highlight that the level of digital
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technology increases with the size of the enterprise. This finding may be
explained by the idea that the implementation of digital innovations re-
quires high investments, and small enterprises have limited financial re-
sources.

Regarding the competitiveness of the economy, digital innovations are
a driving force for each country as well as a key base for the well-being of
people and economic development (Aytekin et al., 2022). The European
Union, competing with other world economies, is creating the frameworks
of digital policy in order to implement digital transformation in all areas of
socio-economic life (Kucera & Fil'a, 2022) and ensure the competitiveness of
the EU countries. We obtained evidence that to ensure the competitiveness
of countries, the priority should not be to ensure global inclusiveness and
convergence of digital technologies between all EU countries, but to
achieve convergence within the country. In our research, cluster groups of
countries are determined by the convergence of digitalization and our find-
ings highlight ways to ensure long-term competitiveness according to
a corresponding digital strategy. It will also be relevant for decision-makers
to implement national digital policy and ensure the competitiveness of the
economy.

Conclusions

Based on the empirical study, we have come to the following outcomes. To
ensure the competitiveness of countries, the priority should not be to en-
sure global inclusiveness and convergence of digital technologies between
all EU countries, but to achieve convergence within the country.

To ensure the competitiveness of the EU countries, the emphasis in the
development of digital technologies and the elimination of the digital gap
between small and large companies is shifting from the development of
transactional technologies to information and operational ones as the digi-
talization of countries develops. For countries with the lowest digitalization
rates (Bulgaria, Greece, Hungary, Romania, Montenegro, North Macedo-
nia, Serbia, Bosnia and Herzegovina, Croatia, Poland, Slovakia, Latvia,
Italy, Lithuania, Portugal, Cyprus, Czechia, Slovenia), competitiveness is
possible by developing transactional digital technologies and minimizing
the digital divide between small, medium and large companies.
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For Germany, Iceland, the United Kingdom, Estonia, Spain, France,
Luxembourg, Austria, Ireland, Malta, Finland, Belgium, the development
and ensuring the inclusiveness of information technology is a condition for
increasing competitiveness.

The growth of the competitiveness of countries with the highest indica-
tors of digitalization (Denmark, the Netherlands, Sweden, Norway) is pos-
sible through the implementation of a development strategy and ensuring
the inclusiveness of operational digital technologies.

Our study is not free of some limitations. The research was carried out
according to the digitalization data of the EU countries, which limits the
implementation of the results in the practice of studying the digital gap in
other countries or regions of the world. In addition, in view of the funda-
mental nature of scientific issues, we have studied only the digital gap of
the second level: the development of scientific competencies in the aspect
of the use of digital technologies without taking into account the impact on
the first and third levels of the digital gap. The results obtained will form
the basis of an empirical study of these issues in our further research.

To conclude, this paper contributes to research on digital transformation
in many ways. Firstly, the study covers a broad research perspective with
three aspects: cross-enterprises and cross-digital technologies, based on the
author's compiled set of indicators. Secondly, it has referred to the selected
indicators reflecting the types of digital technologies and their usage by
small, medium and large enterprises. Thirdly, for the purposes of data
analysis, based on Eurostat data, both cluster analysis and fuzzy set meth-
od were applied.

Future studies can address the research question of how companies can
accelerate digital transformation in the context of digital technologies us-
age. There is also an opportunity for more comparative research, either to
seek validation for the proposed indicators or to provide an advanced ex-
planation of research results. Further studies can also focus on the govern-
ment's leverages and regulations to drive digitalization of business in ac-
cordance with the type of digital technology usage and how to implement
an effective European Digital Decade policy as well as the sustainability of
the countries. Given that this study includes only EU countries and states
that have EU candidate status, future studies could also focus on expand-
ing the geographical trajectory as well as how the current situation has
changed in the context of global challenges. The findings of this study can
also be relevant to practice, as they provide a framework for policymakers
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to design regulations on how to increase the effectiveness of digital trans-
formation within the country and ensure the competitiveness of national
economies.
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Annex

Table 1. Indicators of the use of digital technologies by small, medium, large
companies in the EU-28 countries and countries that have the EU candidate status

Indicators

Symbol of indicators
Indicators of transactional technologies usage i

Turnover of enterprises from e-commerce sales, % of turnover ECS
Turnover of enterprises with online sales >1% of total turnover, % of turnover (O]

Enterprises whose website provides online ordering or reservations, % of ORD
registered enterprises

Enterprises sending and/or receiving e-invoices suitable for automated INV

processing, % of registered companies

Indicators of information technology usage

Enterprises implementing cloud computing, % of registered enterprises CL
Enterprises engaged in big data analysis, % of registered enterprises DAT
Enterprises engaged in internal analysis of big data using machine learning, % MAC

of registered enterprises

Indicators of operational technology usage

Enterprises used by the Internet of Things, % of registered enterprises 10T
Enterprises using artificial intelligence technologies, % of registered Al
enterprises

Enterprises used by 3D printing, % of registered enterprises PR
Enterprises that use industrial or service robots, % of registered enterprises ROB

Table 2. Cause-effect relationships between indicators of digitalization, digital gap
and competitiveness in EU-28 countries and countries that have status of candidate

Casual Probability of non- Casual Probability of non-existence
relationships existence relationships relationships relationships
TS—C 0.03 OM - C 0.03
™ — C 0.00 OL—-C 0.01
TL—-C 0.01 AT - C 0.01
IS-C 0.03 Al—C 0.02
M—-C 0.00 AO - C 0.00
IL-C 0.00 GDG — C 0.04

0S—C 0.00




Table 3. Levels of digital performance indicators in EU-28 countries and
countries that have EU candidatures

Range of values

1 *
Indicator Low level Average level High level
ECS <19.8 [22.2; 33.6] >36.2
oS <154 [17.1; 26.1] >27.7
ORD <247 [26.2; 36.8] >386
INV <39.5 [41.7; 61.8] >62.6
CL <35.4 [36.8; 59.0] 259.5
DAT <20.6 [21.5; 34.1] >35.1
MAC <89 [9.1; 14.2] >14.8
10T <271 [27.7; 44.2] >44.8
Al <246 [25.8; 40.1] >414
PR <93 [9.8; 15.1] >159
ROB <l6.1 [16.8; 26.0] >26.9

Note: * Symbols of indicators correspond to Table 1.

Table 4. Indicators of statistical significance of clustering of EU-28 countries and
countries that have EU candidate status, by level of use of digital technologies

Between Within Between Within

Indicator Ss Ss F Indicator ss ss F
TS 0.2784 0.1354 7.5394*** IL 24132 0.7723 48.4303***
™ 0.5522 0.4858 17.6162*** (65} 0.1751 0.0170 3.5087**
TL 1.1589 0.6609 27.1785*** oM 0.4596 0.1712 5.7742%**
I5) 0.4716 0.2927 24.9732%** OL 1.8891 0.9734 30.0812***
M 1.0779 0.6132 27.2458***

Note: ** - indicators statistically significant at p=0.05, *** - indicators statistically significant at p=0.01.

Table 5. Digital Gap Indicator among EU-28 and countries that have EU candidate
status, 2021

Indicator of Digital gap

Country Transactional technologies Information technologies Operational
(AT) (AD) technologies (40)
Belgium 0.83 0.50 0.93
Bulgaria 0.17 0.00 0.00
Czechia 0.33 0.60 0.63
Denmark 0.67 0.63 1.00
Germany 0.58 0.28 0.63
Estonia 0.33 0.63 0.25
Ireland 0.67 0.53 0.50
Greece 0.50 0.13 0.13
Spain 0.83 0.63 0.58
France 0.83 0.50 0.63
Croatia 0.37 0.50 0.38
Ttaly 0.50 0.25 0.50

Cyprus 0.33 0.25 0.00




Table 5. Continued

Indicator of Digital gap
Country Transactional technologies Information technologies Operational
A7) Aan technologies (40)
Latvia 0.35
Lithuania 0.33 0.35
Luxembourg  [IEL00 025
Hungary i 0.25
Malta
Netherlands
Austria
Poland
Portugal
Romania
Slovenia
Slovakia
Finland
Sweden
Iceland
Norway
United Kingdom
Montenegro 0.17 0.10 0.25
North 0.33 0.00 0.25
Macedonia
Serbia 0.17 0.13 0.23
Bosnia and 0.00 0.13 0.13
Herzegovina

- low level of - average level of
digital gap; digital gap;




Table 6. Average values of clustering indicators of EU countries and countries that
have EU candidate status, by digitalization strategies

Average values of correlation coefficients

Strategy

fsc™  FMc™ e rmc” e N N N

romc”  rorc” rarc” rarc” raoc”

Development of

transactional digital 073 081 088 0.60 063 049 0.61 -0.82  -0.72 -0.68
technologies

Development of

information digital 055 058 063 070 082 052 0.66 -072  -0.84  -0.74
technologies

Development of

operational digital 048 050 053 065 074 058 074 -0.64 066  -0.78
technologies

Notes: rrsc, rmvc, riec correlation coefficients between the integral indicator of the use of transactional
technologies and the indicator of competitiveness for small, medium, large enterprises, respectively; rmvc,
ric - correlation coefficients between the integral indicator of the use of information technology and the
indicator of competitiveness for medium and large enterprises, respectively; rowc, rouc - correlation
coefficients between the integral indicator of the use of operating technologies and the indicator of
competitiveness for medium and large enterprises, respectively; rarc - correlation coefficient between
transaction gap and competitiveness indicator; raic - correlation coefficient between the information gap
and the indicator of competitiveness; raoc - correlation coefficient between operating gap and
competitiveness indicator; ** - indicators, the clustering ability of which is statistically significant when
p=0.05; *** - indicators, the clustering ability of which is statistically significant when p=0.01

Figure 1. Level of digitalization in the EU-28 countries and countries that have the
EU candidate status, 2021
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Figure 1. Continued

Level of operating technologies use

Plot of Means for Each Cluster

08

06

04

T8 ™ TL IS M IL os oM oL

Variables
-e— Cluster 1
-a— Cluster 2
—o— Cluster 3

Cluster 1. Countries with a
relatively high level of
operational technologies use in
small enterprises. Czechia,
Estonia, Spain, France, Italy,
Latvia, Luxembourg, Austria,
Portugal, Slovenia, Slovakia,
Cyprus, Lithuania, Ireland, Malta,
Finland, Belgium.

Cluster 2. Countries with the
highest rates of digitalization
development regardless of the
size of enterprises. Denmark,
Netherlands, Sweden, Norway,
Germany, Iceland, United
Kingdom.

Cluster 3. Countries with a low
level of development of digital
technologies. Bulgaria, Greece,
Hungary, Romania, Montenegro,
North Macedonia, Serbia, Bosnia
and Herzegovina, Croatia, Poland

Clusters of countries by level of use of digital technologies

TS - an integral indicator of the development of transactional technologies for small businesses; TM - an integral
indicator of the development of transactional technologies for medium-sized enterprises; TL - an integral indicator of
the development of transactional technologies for large enterprises; IS - an integral indicator of the development of
information technologies for small businesses; IM - an integral indicator of the development of information

technologies for medium-sized enterprises; IL - an integral indicator of the development of information technologies for
large enterprises; OS - an integral indicator of the development of operational technologies for small businesses; OM -
an integral indicator of the development of operational technologies for medium-sized enterprises;OL - an integral

indicator of the development of operational technologies for large enterprises

Figure 2. Digitalization strategies of EU-28 countries and countries that have EU

candidate status

- strategy for the development of
transactional digital technologies

- strategy for the development of
information digital technologies

. - strategy for the development of

operational digital technologies





