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Abstract: The main objective of the paper is to present the development of digital economy and
society in the Countries of the European Union in the light of the digital convergence of these markets.
The analysis was based on the data on the Digital Economy and Society Index (DESI) from 2015 and
2020. Empirical studies have been conducted in two stages. First, basic measures of time series
dynamics were used to determine the dynamics of changes in index values. On the other hand,
in order to classify countries in terms of similarity of value and structure of the DESI, a cluster analysis
was used as one of the basic methods of the so-called unsupervised statistical grouping. The studies
presented confirm that the levels of indicators and the dynamics of changes in their value at the level
of the synthetic DESI indicator, and in the five underlying areas of analysis, vary despite the fact
that almost all are pro-growth, including for isolated clusters of EU-28 countries. When analyzing
the DESI synthetic index and its components, it was concluded that there is generally an increase in
convergence between the EU-28 countries in terms of the level of development of the digital economy
and society, as well as in four components: Connectivity, Human Capital, Use of Internet Services
and Digital Public Services. The Integration of Digital Technology area was the only one where
increasing polarization of results was observed. The added value of the paper is to fill the research
gap in research on the digital convergence of markets in the Countries of the European Union.

Keywords: convergence; digitalization; clusters; DESI

1. Introduction

The economy and the digital society are terms that are part of the European Union’s
‘Europe 2020’ strategy. This strategy is based on the pursuit of competitiveness and full
employment in the EU economy in a spirit of sustainability, as values ensuring equality of
intergenerational opportunities [1–5]. The development of such an economy and society is,
in the twenty-first century, indicated as the foundation of growth. The information and
communication technology (ICT) sector, which importance for development processes is ex-
pressed in its dynamic growth, plays a particular role in this regard, making it a significant
driver of economic, social and even civilizational progress, as some authors point out [6–8].
There is evidence that ICT positively affects the economy and social welfare in several
dimensions. It supports new types of interactions, services and business practices [9–13],
accelerates the progress of various transactions, allows barriers to market access to be
overcome, eliminates spatial constraint, creates alternative commercial platforms and new
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industries that generate new employment opportunities [14–16]. It changes the way peo-
ple interact with each other and obtain information [17]. Empirical studies show that
today the difference in countries’ economic performances and their global competitiveness
greatly depends on the level of acceptance, availability, and use of ICT [18–21]. However,
the development of ICT may create a digital divide between countries, regions, households,
individuals and companies in terms of access to and use of ICT [22]. To achieve benefits
from ICT, certain obstacles need to be overcome, especially inequalities both among and
within countries regarding the access to these technologies and the ability to use them [23].

However, it should be stressed that, taking into account the multidisciplinary nature of
ICT for development research, various theoretical paths have been explored to investigate
the adoption, use and impact of ICT in world’s societies. Many various forms of ICT
applications and their contextual use and subsequent socio-economic impacts have been
monitored by researchers from information systems (IS), development economics, social
science and consumer studies over the years However, skepticism regarding the success
of ICT-led initiatives and concerns regarding their actual and potential challenges have
also been discussed in academic literature [24–31]. It is, therefore, recognized that this
subject is an important aspect of current management practice, while at the same time
research related to the broadly understood development of the economy and societies in
the twenty-first century.

Considering the importance that the European Union gives to a harmonious digital
development among all of its member states, the key issue is to assess how the situation
evolves in particular EU countries. The current research helps to achieve this and sheds
light on the issue of digital convergence. The authors intend to provide a complete and
updated analysis of the development of digital economy and society within the 28 Member
States of the European Union (EU-28) (The study included the United Kingdom, which
is no longer a member of the European Union. However, the DESI published in a given
year is to a large extent calculated on the basis of partial indicators relating to the previous
calendar year. Therefore, due to the fact that the DESI 2020 value includes data from
2019, the analyzes also took into account the United Kingdom, and the average values
were calculated for 28 Member States.). The main objective of the paper is, to present the
development of the digital economy and society in the Countries of the European Union in
the light of the digital convergence of these markets. For analytical purposes, the objective
of empirical research is also defined, which is to identify and exemplify changes in cluster
structures in the digital economy and society index in the period 2015–2020 in the context
of the development of the digital economy and society in the EU-28. The interest of
the authors in this subject is related to the challenges and dilemmas that are emerging
regarding changes in economies and societies in the context of the progressive transition
from an industrial-based economy to an economy based on digital products and services,
relating to data, information and, finally, knowledge, which are decisive for achieving and
maintaining a certain competitive position.

The work formulated research hypotheses, including the main hypothesis and two
specific hypotheses. The main hypothesis is that “in the EU-28 countries, the development
of the digital economy and society is visible in 2015–2020”. On the other hand, the specific
hypotheses are as follows:

HS1: The development of the digital economy and society of the Countries of the
European Union is not homogeneous and specific groups of countries (clusters) are distin-
guished taking into account the similarity of their performance in this area;

HS2: The levels of indicators and the dynamics of their value changes over the period
2015–2020 in the five underlying areas of DESI analysis, i.e., connectivity, human capital,
use of internet services, integration of digital technology, and digital public services which
are diverse, although they are all pro-growth in nature, also for the clusters/groups of
EU-28 countries studied. Their rate of change is not even.

The added value of the research is closing the research gap related to the identification
of similarities (cluster grouping) among EU countries in their levelof development of the
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digital economy and society. This work will also answer the question of whether the
EU-28 countries are on the path towards digital convergence. Filling this gap should help
to capture the overall picture of the results achieved by the countries of the community:
their nature (pro-growth/ pro-fall/unspecified), the dynamics of change, and it may
constitute the basis for the policies formulated, taking into account individual countries
and their groups (clusters), in order to increase the chances of “catching up” among those
countries with similarities with the lowest values of structures in DESI. The concept of
the Digital Single Market means not only creating a framework but ensuring the most
uniform possible conditions (legal, economic, technological, including infrastructure) and
opportunities for the development of the digital economy and society in the context of the
European Union as a whole. Filling this gap can be seen, therefore, as a contribution to
a change in the perception of the “philosophy” of the creation of the European Union’s
policy from the current one, aimed de facto at reducing polarization between countries
(the context of divergence) in order to increase the similarity in the levels of development
of economies and digital society (convergence), leading only to leveling the playing field
between countries, but for the actual long-term digital development in the aspect of the
European Single Market.

Moreover—and this should be particularly emphasized—the analysis of conditions in
this respect is one of the basic elements necessary in the strategic planning process, includ-
ing in the development of policies. This applies to every sector of the economy, including
those that fulfill critical functions, such as the arms industry, banking, telecommunications
or energy [32–34]. Within the energy sector, for example, the transformation of this market
is indicated, taking into account its digitization. For entering the market of the so-called
smart grids, interconnected and interoperable trading systems, as well as energy manage-
ment, with appropriate use of the potential of artificial intelligence, will undoubtedly result
in a change for both energy suppliers and consumers (also prosumers and their position
on the market). Moreover, progress in the digitization of energy has a direct impact on
the level of security, efficiency, availability and durability of energy systems. Therefore,
it is important to analyze the conditions for the development of the digital economy and
society as a basis for detailed analysis related to e.g., the development of digitization in the
energy sector. It is impossible to separate the context, in this case, of general determinants
from their detailed analysis. This paper is, therefore, a specific introduction to the issue
of analyzing the conditions for the development of the digital economy and society of
EU countries, which may be a starting point for detailed analysis, e.g., concerning the
digitization of the energy sector.

To achieve these goals the paper is organized as follows: Section 2 presents a literature
review on the issues of digital economy and society in the context of digital convergence,
in Section 3 the authors present a methodological framework for measuring the digital
convergence in EU-28 Member States; Section 4 includes the analyses of collected data,
using basic measures of dynamics of time series and the cluster analysis. In Section 5 the
authors present the discussion of findings and, in Section 6, the conclusions.

2. The European Union’s Digital Economy and Society and Digital Convergence

Digital economy means the economy of goods and services whose development,
production, sale or supply are wholly dependent on digital technologies [35]. It can also
be defined as “a combination of several general-purpose technologies (GPT) and many
economic and social activities carried out by people via the Internet and related technolo-
gies. It includes the physical infrastructure on which digital technologies (broadband lines,
routers) are based, the devices used for access (computers, smartphones), the applications
that power it (e.g., Google, Salesforce), and the features that provide it (Internet of Things,
data analytics, cloud computing)” [36]. In this respect, digitalization is seen as the inte-
gration of data and the Internet into production processes, new forms of consumption
within households and the public sector, capital formation, cross-border flows and finance.
Definitions of the digital economy in the literature of the subject are presented in different
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sources [37–39]. The analysis of the definition of the digital economy clearly indicates its
evolutionary nature in a timely context, but it should nevertheless be emphasized that
all definitions give some acknowledgment that digital technologies of some kind are the
foundation for the digital economy [40–42]. However only a few, in their explanations,
identify the production of these technologies and related foundational services as part
of—indeed as the core of—the digital economy [43]. One of the current comprehensive
definitions is proposed in the following: “The Digital Economy incorporates all economic
activity reliant on, or significantly enhanced by the use of digital inputs, including digital
technologies, digital infrastructure, digital services and data. It refers to all producers and
consumers, including government, that are utilising these digital inputs in their economic
activities” [44]. It is worth mentioning here that the global digital economy amounted to an
estimated USD 11.5 trillion (16% of global GDP) in 2015 and is forecast to total over USD
23 trillion (24% of global GDP) in 2025 [45]. The digital economy is becoming increasingly
relevant for growth in the world’s countries. The United Nations’ Economic Commis-
sion for Latin America and the Caribbean (ECLAC) estimates that the digital economy
contributed an average 3.2% to GDP in Argentina, Brazil, Chile and Mexico combined.
However, in Japan it is 6.8%, in the United States of America 6.4% and in the European
Union 5% [46].

On the other hand, the concept of ‘digital society’ is closely linked to the digital
economy, as the infrastructure created within the economy is the basis for the creation
of a digital society. There are many definitions of the concept of digital society in the
literature of the subject, which analyze their contemporary usage in different research
approaches and discuss their social, political, cultural, ethical and economic relevance
and impact [47,48]. In a fairly broad sense, the digital society can be described as “a
modern, progressive society that is formed as a result of the adoption and integration
of Information and Communication Technologies (ICT) at home, work, education and
recreation, and supported by advanced telecommunications and wireless connectivity
systems and solutions” [49].

As indicated earlier, the development of the digital economy and society is cited as
the foundation of growth in the twenty-first century. The information and communication
technology (ICT) sector plays a particular role in this regard, the importance of which for
the development of the world economy, including the economies of its regions (Europe,
America, Asia, etc.), is expressed by dynamic growth. Key trends in the sector include cloud
technologies, Big Data, the Internet of Things, and cybersecurity. It is worth mentioning
that the revenues of segments covered by key trends are growing at a rate of several to tens
of percent per year (and digitally advanced sectors are growing on average 2.8 times faster
than other sectors) and are projected to grow further [50], with significant competitive
advantages and savings. As already mentioned, the development of the digital economy
applies to every area, including the energy sector [51,52]. The current challenges and
opportunities related to the digitization of the energy sector and the development of this
area of the economy include: [53–55]:

- The transition of electric power supply systems to the Industrial Internet of Things con-
cept (using a network of sensors to monitor energy demand, manage its transmission
and storage);

- Using Artificial Intelligence to optimize energy transmission and distribution;
- Management of energy resources and logistics using e.g., blockchain, which in turn

increases the potential of operational efficiency in the activities of energy companies;
- Monitoring of changes in demand with the use of smart grids and models of respond-

ing to changes in this area, which allows not only monitoring but also an autonomous
response to these changes through appropriate energy distribution;

- Creating the so-called Virtual Power Plants, i.e., systems integrating various energy
sources for the purposes of distribution management and demand production control;

- Creating energy management systems by consumers and prosumers to optimize
energy production and consumption, along with the analysis and offer of optimal
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energy use from various sources. For the purposes of such a system, the so-called
smart meters or IoT devices at the consumer (mobile reporting applications). The use
of such systems also has an educational value, related to the increase in environmental
awareness of users;

- The use of digital modeling to design both new energy networks, as well as to improve
the existing ones. The use of this tool will have a direct impact on the operational
efficiency of economic entities from the energy sector, as it will allow for faster data
analysis (compared to existing solutions) on the basis of real energy networks to
prepare new investments, including reducing the costs of designing new installations;

- The use of blockchain, i.e., security and automation of transactions within the energy
network, e.g., when selling micro-amounts of energy between prosumers;

- building systems in the form of the so-called “digital twins”. A digital replica of
a physical object works in real-time with this object, making decisions regarding,
for example, optimization of the operation and maintenance of physical fixed as-
sets, production systems and processes in energy, design, organizing information,
estimating project profitability, improving update processes, etc.

Emerging development challenges in the global economy, including information
and communication technologies, have become an important reference point in the EU
policy and EU strategic orientation [56,57]. The European Union’s Europe 2020 development
strategy [58] focused on three priorities to address the challenges of the coming decade [59–61]:

1. Smart, knowledge-based and innovation-based development;
2. Sustainable development (efficient use of resources, more environmentally friendly

while increasing competitiveness);
3. Inclusive development (social, territorial cohesion, with a high level of employment

of the population of EU countries).

These priorities relate to the so-called flagship initiatives, which should include the
Digital Agenda for Europe. It requires the best use of information and communication
technologies to create a sustainable digital future [19]. In this respect, the Agenda identified
seven priority areas for action [62]:

• The creation of the Digital Single Market;
• Improving the framework conditions for interoperability between information and

communication technology products and services;
• Increase trust in the Internet and the security of its operations;
• Ensuring access to a much faster Internet;
• An increase in research and development expenditure;
• Developing digital literal use and inclusion skills;
• The use of information and communication technologies to address the challenges

facing society, such as climate change, rising medical costs and an aging population.

The creation of the Digital Single Market has been identified as the first priority area
of action, however, in order to be able to carry out this task, action is needed in the other
six areas as they are interlinked. In 2015, the Digital Single Market Strategy was adopted,
based on three pillars of [63]:

1. Ensuring easier access for consumers and businesses to digital goods and services
across Europe;

2. Creating an appropriate and level playing field enabling digital networks and innova-
tive services to flourish;

3. Maximizing the growth potential of the digital economy.

An important aspect of the changes and policies relating to the Digital Single Market
was the presentation by the Commission in 2018 of the “AI strategy for Europe”, which
assumes activities in the field of technology, ethics, law and economics and in ethics
guidelines for trustworthy artificial intelligence (AI) in 2019 [64]. In its Communication of
June 2020, “A decisive moment for Europe: repair and preparation for the next generation”,
the European Commission made it clear that the recovery of the EU economy after the
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end of the COVID-19 pandemic should take place thanks to the Digital Single Market [65].
That is why it is so important that the digital market in the EU is truly a single market,
which promotes its global competitiveness and its ability to achieve competitive advantages
in the future as well.

Research on this issue relates to the subject of broadly understood convergence,
i.e., the theoretical conceptualization of the problem of equalization of the leveling of
development of EU countries and, in this regard, the digital economy and society. The term
convergence is derived from Latin convergere and means the fact that two or more things,
ideas, etc. become similar or come together. The concept of convergence applies both
in science and natural sciences, but also in the humanities and social sciences, including
economics (e.g., a convergence of countries in terms of per capita income) or management
science (strategic convergence of enterprises). In etymological terms, convergence means
the likeness of individuals in a certain respect, which occurs economically and technically
when the variation in the level of development under examination and in relation to the
population studied is reduced or explained as reducing the development distance (catching
up) by countries with initially lower/low development rates compared to countries with
higher/high levels of development [66].

The authors of the paper adopted the author’s definition of the concept of ‘digital
convergence of EU markets’ as a multidimensional phenomenon related to the similariza-
tion of EU economies and societies in terms of access, use and digitalization outcomes,
including access to and use of modern technologies and forms of social communication,
taking into account systemic actions in this field. However, it should be borne in mind that
the aim of the digital convergence processes of EU markets is not to achieve a single fully
homogeneous market but to create a market in which individual countries can implement
their own specific policies in line with the overall dimension of horizontal actions.

From an economic point of reference, at least two-pillar dimensions of the digital
convergence of EU markets should be taken into account:

1. The horizontal dimension of economy-wide actions, including the regulation of
universal law, solutions and universal capabilities [67];

2. The dimension of specific actions based on analysis, understanding of barriers and
development opportunities of countries, but also specific sectors, industries, groups
of actors, etc. [68,69].

On the other hand, there are four dimensions (which, however, are differentiated by
education, income, occupation, place of residence, as well as the current stage of life of the
members of the society concerned) [70,71]:

1. Motivational dimension, related to the mental approach of society to modern tech-
nologies and means of communication;

2. The material dimension relating to society’s access to these tools, resources, etc;
3. The personal dimension, concerning the ability of members of the public to acquire,

maintain and upgrade acquired capacities;
4. The dimension of the use of technology and the social impact achieved.

The development of the digital economy and society is a multifaceted issue, economic,
social and technological in nature. Most often, certain components are taken into account
in the studies including, in particular:

1. Willingness to develop on the resource and skills side, which are necessary for
its occurrence;

2. An increase, expressed in the availability and use of the necessary tools, techniques,
methods, functions, etc. on the road to digital development;

3. Impact–economic impact and effects obtained.

Furthermore, an important element of these processes is also the problem of media
convergence, including their accessibility (infrastructure), use (including aspects of legisla-
tion) and the resulting effects on the economy and society. In this respect, six dominant
interpretations of this term are revealed:



Energies 2021, 14, 2717 7 of 26

- The convergence of networks;
- The convergence of terminals;
- The convergence of services;
- The convergence of rhetoric;
- The convergence of markets;
- The convergence of regulatory regimes.

The first one implies that, when digitized, any network can be used to transmit
all kinds of digital signals, provided that speed and bandwidth are high enough] [72].
Baldwin et al. [73] envisioned the development of a “full service network”, a network that
would integrate telephony, data and video, providing a broad range of communication
services and information. It means one network for communication purposes.

Another interpretation of convergence is the convergence of terminals, which can be
analyzed as “the coming together of consumer devices such as the telephone, television
and personal computer” [74]. Some authors [75,76] assume even that all terminals could be
reduced to one [28,41]. However, observing current trends, it can be seen that different types
of terminals are becoming less obvious, as many of them can be used for multiple purposes,
different terminals are still constructed for and used in different social settings and the
number of specialized terminals is still increasing [72]. The third type of interpretation of
media convergence in the literature of the subject is the convergence of services. As Beyer
et al. rightly point out [77] new services have been developed within and across media
platforms. Nevertheless, although the services cross-media platforms, we can observe that
the platforms themselves are still relevant.

The term “rhetorical convergence” is used to describe the process where new genres
are created by mixing traits known from genres in different earlier media [72]. In Nielsen’s
words there should be “a rhetorical convergence in which expressions and genres would
no longer be distinct, but grow into one unified language” [72].

The aforementioned interpretations of media convergence, i.e., a convergence of net-
works, terminals and services, was further expected to lead to a convergence of markets.
As it is noticed by Picard [78], or Hoskins et al. [79], ICT, telecom and media companies
would merge or form alliances, so we would see the development of multimedia compa-
nies. However, the market itself is not and most likely will never be fully homogeneous.
Fagerjord and Storsul rightly emphasize that in the market web, some corporations seek
control of the whole value chain through vertical expansion, whereas others specialize in
narrow sub-markets [72].

The perceptions of convergence (presented above) with communication networks,
terminals, services and markets have had a strong impact on the political discourse. As in-
dicated by the Østergaard [80] regulations of telecommunications, media and other media
services had earlier been closely attached to the networks delivering the service. Therefore,
consultations are being undertaken within the EU on the impact of planned legislative
changes on convergence processes. This is justified by both horizontal and specific policy
considerations (it is worth mentioning that, as early as the late 1990s, some researchers
pointed to the inconsistencies between the technological and the regulatory levels [81–83]).
Regulations in the EU and in the individual countries have been integrated into common
regulatory frameworks for electronic communications, so the networks have one common
regulatory framework.

Measuring the convergence process itself, both in relation to the above-referred re-
search perspectives and to the Union market as a single market composed of many, is not
an easy task, but nevertheless, the development of appropriate measurement tools is nec-
essary in this respect [84]. They form the basis for carrying out analyses, evaluations and
drafting of amendments. However, traditional methods and tools for measuring economic
development are often unable to capture the changes taking place in the digital world.
Therefore, different methods are developed and different indicators are used to assess and
compare the digital development performance of different economies and societies [85–88].
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For the purpose of measuring progress in the development of the digital economy
and society, a Digital Economy and Society Index (DESI) has been developed and adopted
in the European Union, taking into account five baseline sub-indicators, i.e., connectivity,
human capital, use of the internet, integration of Digital Technologies, and Digital public
services. At the level of its respective dimensions, DESI refers to the five main EU policies
relevant to the development of the digital economy and society. These areas are interlinked,
so the development of the digital economy and society requires the implementation of
improvement processes in all these areas at the same time. Connectivity covers the deploy-
ment of broadband infrastructure and its quality; human capital relates to skills needed to
take advantage of the possibilities offered by a digital society. These are the most relevant
dimensions of DESI because they represent the infrastructure of the digital economy and
society. Integration of digital technology captures the digitalization of businesses and de-
velopment of the online sales channels. It mirrors, therefore, the use of ICT by the business
sector, which is one of the most important drivers of growth. The last two dimensions are
the use of the Internet, reflecting the variety of activities performed by citizens already
online, and digital public services, related to the digitalization of public services, focusing
on eGovernment. They are enabled by the infrastructure and their contribution to the
digital economy and society is strengthened by the quality of such infrastructure [89].

The DESI indicator and its sub-indicators not only provide an opportunity to assess
the current state of play but also to compare the achieved position of the economy in
relation to others in the EU. Studies in this regard, included in the form of time series,
also allow us to determine the dynamics and directions of change, and on the basis of
them to formulate assessments of these changes in the development of the economy
and digital society of individual EU countries, their groups/clusters or the European
Union as a whole [90–95]. Finally, research efforts illustrate whether (or not) progress
is being made towards a Digital Single Market as a consequence of the existing digital
convergence (divergence) between EU countries in the light of economic development
policies and the digital society [96]. There is also the International Digital Economy
and Society Index (I-DESI) which enables trend analysis and comparison of the digital
performance of 45 countries: the EU27 Member States and 18 non-EU countries around the
world (Australia, Brazil, Canada, Chile, China, Iceland, Israel, Japan, Mexico, New Zealand,
Norway, Russia, Serbia, South Korea, Switzerland, Turkey, the United Kingdom, and the
United States). Comparisons enable the identification of gaps between the performance
and capabilities of the 45 countries studied and are useful to identify areas requiring
investments and actions to reach the levels of the best performing global countries and to
monitor the progress of the 2020 EU digital strategy.

It should be remembered that the adopted digital strategy of the European Union has
a direct impact on the functioning and development of national economies, their enterprise
sector, and in particular those that use the achievements of the digital economy in their
activities, including those relating to the broadly understood industry 4.0. As it is depicted
in the literature review, digital economy and society are very broad terms related to the
effects of industrial revolutions, which are conditions for the development of business, i.e.,
economic entities and societies. These are issues that require a holistic view, also in terms
of long-term effects.

It cannot be forgotten yet that in respect to technological convergence of the EU
countries that has been proved econometrically for the years 1995–2009 (Research based on
several dozen econometric models [97]), convergence alone is not enough if the mechanism
is mainly imitation rather than innovation. The implementation of progress must be
based on a qualitative reference in order to create changes. This means that the digital
convergence of EU markets should move towards achieving the best possible position
for a country, with continuous improvements, including those with the best results, for
pro-innovation activities.
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3. Materials and Methods

Data on the evolution of the Digital Economy and Society Index (DESI) and its five sub-
benchmarks have been used to measure the progress made by European Union countries
in the development of the digital economy and society and to assess whether and in what
areas the digital convergence process takes place. The analysis was based on data from
2015 to 2020. They covered 28 countries of the European Union. The basic data source
was the data available on the European Union website in the Euro-stat database [98].
The DESI has a three-level structure: dimensions, subdimensions, indicators. In our
analysis, we focused on the DESI and its five highest level dimensions that make up the
overall DESI index. As some dimensions, subdimensions, and indicators are more relevant
than others, they were given higher weight in the computation of the final index for each
country. Weights attributed to the DESI dimensions are as follows: Connectivity 25%;
Human capital 25%; Use of internet services 15%; Integration of digital technology 20%;
Digital public services 15%. Figure 1 presents data concerning the DESI indicator and its
components using adequate country indicators whereas Appendix A (Tables A1 and A2)
contains initial data regarding DESI and its particulars (before weights).
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The empirical research was carried out in two phases. Firstly, basic measures of time
series dynamics, i.e., average absolute increment and average change index, were used to
determine the dynamics of changes in index values. On the other hand, in order to classify
countries in terms of the similarity of the value and structure of the DESI index, a cluster
analysis was used as one of the basic methods of so-called unsupervised grouping [99].
Cluster analysis is a set of methods of multidimensional statistical analysis, used to extract
homogeneous subsets of objects of the study population. Finding groups (clusters) of
objects is based on variables that characterize the analyzed objects. The method shown
uses measures of discrepancy or distance between objects when forming clusters. The most
direct way to calculate the distance between objects in a multidimensional space is to
calculate the Euclidean distance. However, often in this analysis a different metric can be

https://digital-agenda-data.eu/
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taken as a measure of distance. In addition, it is also possible to estimate the distance of
objects without using a metric. This research uses the Ward method. This method uses a
variance analysis approach to estimate the distance between the focus. Thus, this method
aims to minimize the sum of squared deviations of any two clusters that can be formed
at any stage of the algorithm [100]. The chosen method is considered to be the most
effective, although it aims to create clusters of a small size [101]. For the data considered,
no significant linear relationships between the different variables were found. The selection
of the number of clusters is based on the difference between the maximum similarity within
the groups and the minimum [102]. On this basis, an optimal number of concentrations
of five was established. Cluster analysis was carried out with the use of the Statgraphics
18 program, while the figures were prepared with the use of Excel and Corel Draw.

4. The Digital Economy and Society in the Countries of the European Union in
2015 and 2020. Convergence or Digital Diversity? Results of Empirical Studies

The DESI synthetic index illustrates the level of development of the digital economy
and society, which today is one of the most important determinants affecting the standard
of living of the population, as well as the competitiveness of the economies of individual
EU countries and the European Union as a single market in the context of the Digital
Single Market strategy. Using the Ward method, based on the DESI data in 2015 and 2020,
the EU-28 countries were divided into cluster structures. Among the EU-28 countries,
5 clusters were distinguished in each of the analyzed years. Dendrograms are presented in
Figures 2 and 3.
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The selection of countries for individual clusters was dictated both by the DESI values
obtained and by the values within its internal structures, which consisted of the following
components: connectivity, human capital, use of internet services, integration of digital
technology, digital public services. It can be seen that Cluster 1 includes those countries
whose DESI in 2015 and 2020 was the lowest among the EU-28 countries analyzed. Cluster
5, on the other hand, includes the countries which achieved the highest values in the years
analyzed, both for DESI and for the components separated within it. Detailed data on the
average values of indicators for particular clusters are presented in Figure 4.
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Looking at the data by country, the DESI indicator showed changes compared to the
two surveyed years, i.e., 2015 and 2020. The noted change should be assessed positively,
as it entails a higher level of digitization of the economy and society during the period
considered in the EU, which in turn entails the gradual acquisition of the assumptions made
in the Digital Single Market strategy. In the years adopted, the analysis of 14 out of 28 EU
countries showed DESI values below average, and the other half above the EU average.
Countries with below-average EU values in 2015 and 2020 included Bulgaria, Cyprus,
the Czech Republic, Greece, France, Croatia, Hungary, Italy, Latvia, Poland, Portugal,
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Romania, Slovenia, Slovakia. The lowest DESI was recorded in 2015 in Greece (26.13 points)
and in Bulgaria in 2020 (36.44 points). In contrast, the following EU countries achieved
DESI above the EU average: Austria, Belgium, Germany, Denmark, Estonia, Spain, Finland,
Ireland, Lithuania, Luxembourg, Malta, the Netherlands, Sweden and the United Kingdom,
with the highest values recorded for Denmark, Finland and Sweden in both years.

When analyzing data on the performance of individual countries in relation to the
EU-28 average (Table 1), it can be concluded that:

• In 2015, the lowest rate recorded for Greece was 67.16% of the EU-28 average and the
highest for Denmark was 146.44%;

• In 2020, the lowest rate recorded for Bulgaria was 69.25% of the EU-28 average and
the highest for Finland was 137.42%.

Table 1. Data summary and evaluation of the obtained values in terms of DESI measures and its sub-indicators for the
countries with the lowest and the highest values in relation to the EU average in 2015 and 2020. Source: Our own study.

Share in Relation to the EU-28 Average of
the Lowest and the Highest Score of the

Countries
That Year

Included:

Difference
[P.P.]

Degree of
Recorded

Differences in DESI
Components in the
Analyzed Periods

The Assessment of
Changes

in the Context of
Implementing

Convergence Processes
in a Given Area

Lowest Values
[%]

Highest Values
[%]

Connectivity
2015 56.0 146.2 90.2

degree 3 +
2020 66.7 131.5 64.8

Human Capital
2015 62.4 164.1 101.7

degree 1 +
2020 65.8 159.1 93.3

Use of Internet
Services

2015 48.2 145.1 96.9
degree 4 +

2020 61.9 131.6 69.7

Integration of
Digital Technology

2015 52.3 164.1 111.8
degree 2 -

2020 43.2 179.6 136.4

Digital public
services

2015 41.0 153.9 112.9
degree 5 +

2020 67.3 124.1 56.8

DESI
2015 67.2 146.4 79.2

− +
2020 69.3 137.4 68.1

Clarification: degrees 1–5 mean ordering values of indicated differences between 2020 and 2015, where degree 1 means the lowest
and degree 5 means the largest difference; “+” positive rate of indicated changes in the context of implementing indicated changes in
convergence processes (enlarging convergence); “−” negative rate of indicated changes in the context of implementing indicated changes
in convergence processes (reducing convergence).

The decreasing gap between the lowest and highest rates in relation to the EU average
(79.28 pps in 2015 and 68.17 pps in 2020) shows that convergence between EU-28 countries
is gradually increasing which, overall, is a positive development. The positive results are
also confirmed by the improvement in the relationship between the results of the countries
with the highest and lowest rates, which decreased from 2.18 in 2015 to 1.98 in 2020.

Table 2 shows the dynamics of the average DESI values and their individual sub-factors
for the period 2015–2020 in the cross-section of the isolated clusters. The results of studies on
the development of DESI in individual clusters have led to the following conclusions:

1. For Cluster 1 in 2015, the DESI was 29.08 points and in 2020 it was 43.54 points,
an increase of 49.74%. The achieved indicator values for Cluster 1 were below the
UNION average;

2. For Cluster 2 in 2015, DESI was 32.40 points and in 2020 45.13 points, an increase of
39.32%. The DESI values obtained for this cluster were below the Union average;

3. For Cluster 3 in 2015, DESI was 41.67 points, then increased to 53.31 in 2020, i.e.,
by 27.92%, and its values in both 2015 and 2020 were above the Union average;

4. For Cluster 4 in 2015, DESI accounted for 42.08 points, after which it increased to
59.81 in 2020, i.e., by 42.13%, and its values in both 2015 and 2020 were above the
Union average;
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5. For Cluster 5 in 2015, DESI was 55.00 points, then increased to 69.72 in 2020, i.e.,
by 26.76%, and its values were both above the EU average in 2015 and 2020.

Table 2. Dynamics of average DESI and individual sub-rates in 2015–2020 (2015 = 100%).

Cluster Number DESI Connectivity Human Capital Use of
Internet Services

Integration of
Digital Technology

Digital Public
Services

1 149.74 156.41 133.23 162.23 176.41 137.68

2 139.32 205.16 93.36 115.11 103.81 226.47

3 127.92 170.98 105.84 126.00 115.10 129.04

4 142.13 142.73 121.88 126.33 200.96 148.89

5 126.76 146.94 110.94 119.61 145.67 120.10

Average EU-28 135.23 160.81 112.04 128.92 141.57 143.39

Source: Our own study.

All clusters showed an increase in the mean DESI. Cluster 1 (almost 50%), Cluster 4
(just over 42%), Cluster 2 (just over 39%), and Cluster 3 and Cluster 5 (almost 28% and 27%
respectively) showed the greatest momentum between 2020 and 2015.

Sub-indicators representing the individual components of the DESI indicator were
also analyzed. In the area of the first partial indicator on Connectivity in 2020, a significant
change was observed compared to 2015, as it increased by 60.8%. It should be noted that
the average value of this indicator was significantly higher than that of the overall DESI.
The highest growth rates were recorded in countries such as Cyprus, Italy and Hungary,
while the smallest was recorded in Estonia, Latvia and Slovenia.

In both 2015 and 2020, 12 countries recorded below the EU-28 average, with countries
such as Austria, Bulgaria, Cyprus, Greece, France, Croatia, Ireland, Italy and Slovakia in
both years. Hungary, Poland and Portugal also scored below the EU average in 2015, while
the Czech Republic, Lithuania and the United Kingdom recorded below the EU average in
2020. In 2015, Cyprus (17.44 points), Greece (18.93 points) and Croatia (22.60 points) scored
the lowest score in the connectivity area, while in 2020 it was again Greece (33.37 points)
and Cyprus (38.46 points), as well as Bulgaria (38.50 points). It should also be noted that in
the countries with the lowest connectivity rates among the EU-28 in 2015, their ratio to the
EU average improved in 2020, with the exception of Bulgaria, which deteriorated from the
average. An unfavorable change in this relationship also occurred in the Czech Republic,
which in 2020 was among the top five countries with the lowest rate in this area.

The above-average EU-28 score, both in 2015 and 2020, was recorded by 16 countries,
both of which concerned countries such as Belgium, Germany, Denmark, Estonia, Spain,
Finland, Luxembourg, Latvia, Malta, the Netherlands, Romania, Sweden and Slovenia.
As already mentioned, the Czech Republic, Lithuania and the United Kingdom have
deteriorated compared to the EU-28 average, while it has improved in Hungary, Poland
and Portugal. Latvia (45.52 points), Denmark (45.11 points) and Luxembourg (45.10 points)
scored the highest in the area of connectivity in 2015. In 2020, these were again Denmark
(65.82 points) and Luxembourg (63.35 points) as well as Sweden (64.37 points). Analyzing
the performance of the top five countries in 2015, it was found that in all these countries in
2020 their ratio to the EU-28 average deteriorated, which means that the growth rate of
their indicators in the area of connectivity was lower than the average in the Union. In 2020,
Spain was in the top five, which improved in relation to the EU-28 average. It is worth
noting that the list of the top 5 best or worst performing countries among EU countries did
not change during the period considered with the exception of the Netherlands, which left
the top five best-ranked countries in this area, Italy, which left the top five, and the Czech
Republic, which were among the worst five.

By generalization of the presented results in relation to the EU-28 average (Table 1),
it can be concluded that:
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• In 2015, the country with the lowest rate in Cyprus accounted for 56.0% of the EU-
28 average and Latvia’s highest-rate country accounted for 146.2%;

• Greece had the lowest score in 2020 (66.7% of the EU-28 average), while Denmark had
the best result (131.5% of the EU-28 average).

It can be concluded that, relatively, there is a noticeable decreasing polarization in
the area of connectivity (the difference between the lowest and highest rates in relation
to the EU-28 average decreased from 90.2 pps in 2015 to 64.8 percentage points in 2020).
This means that the countries’ performance is getting closer to the EU-28 average, which is
conducive to their convergence. This is also confirmed by the change in the relationship be-
tween the performance of the countries with the highest and lowest rates, which decreased
from 2.6 in 2015 to less than 2 times in 2020. However, it is still quite high.

Looking at the 2015 and 2020 data for each cluster, it was found that:

• In 2015, the average indicator for Cluster 1 and Cluster 2 was below the EU-28 average,
Cluster 3 was very close to Cluster 3, while Clusters 4 and 5 were above the EU-28 average;

• In 2015, almost all countries in Cluster 1 and Cluster 2 (with the exception of Romania
in Cluster 1 and the Czech Republic in Cluster 2) had a connectivity ratio below the
EU-28 average. In the third cluster, they were three out of four countries (Austria,
Ireland, Portugal) and in the Cluster 4 there was one country (France);

• In 2020, the average connectivity value for the first cluster was below the EU-28 aver-
age, while in the remaining clusters it was higher than the EU-28 average;

• In 2020, in Cluster 1, all countries did not reach the EU average, Cluster 2 below
average had one country (Italy), in Cluster 3–three countries (Austria, France and
Lithuania) and in Cluster 4 there were another two (Ireland and the United Kingdom).

In all clusters, the average connectivity indicator increased in the period 2015–2020,
with Cluster 2 (an increase of just over 105%), followed by Cluster 3 (an increase of nearly
71.0%) Cluster 1 (just over 56.0%) and the smallest for Cluster 5 (close to 47.0%) Cluster 4
(close to 43.0%).

In the second area of the DESI–Human Capital, the sub-indices of each country also
increased. In 2015, the average score at EU-28 level was only 12.0% higher. In all countries
except Latvia, there has been an improvement in internet literacy and basic and advanced
digital skills held by Citizens of the European Union in the years analyzed, as measured
by indicators that make up the human capital index. The highest percentage increase was
recorded in countries such as Lithuania, Romania and Croatia, while Denmark, Greece,
Italy and Latvia were the least dynamic, with the index deteriorating as mentioned.

In 2015, 14 countries scored below the EU average, while in 2020 as many as 16 coun-
tries scored below. In 2015 these were Bulgaria, Cyprus, Greece, Spain, Croatia, Hungary,
Italy, Lithuania, Latvia, Poland, Portugal, Romania, Slovenia and Slovakia, and in 2020 they
were joined by the Czech Republic and France. In both 2015 and 2020, the lowest human
capital ratios were in Romania (27.47 points and 33.16 points), Bulgaria (29.18 points and
33.92 points) and Italy (30.81 points and 32.46 points). The above-average EU-28 score in
both 2015 and 2020 was recorded in 12 countries: Austria, Belgium, Germany, Denmark,
Estonia, Finland, Ireland, Luxembourg, Malta, the Netherlands, Sweden and the United
Kingdom, and in 2015 the Czech Republic and France. In 2015, Finland (72.21 points),
Sweden (61.26 points) and Denmark (60.63 points) achieved the highest human capital
score. In 2020, these were again Finland (78.44 points) and Sweden (71.72 points) as well as
Estonia (66.66 points). It is worth noting that the list of the top 5 countries has not changed
significantly with the exception of Denmark, which was replaced by the Netherlands.
In turn, Poland and Portugal left the five most vulnerable countries in this area, replaced
by Greece and Latvia.

In relation to the EU-28 average (Table 1), it was concluded that:

• In 2015, the country with the lowest rate in this area, Romania, accounted for 62.4% of
the EU-28 average, while Finland’s highest-rate country accounted for 164.1%;
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• Italy had the lowest score in 2020 (65.8% of the EU-28 average), while Finland had the
best result (159.1% of the EU-28 average), of which it can be concluded that only a
slight reduction in polarization in the area of human capital is noticeable in relative
(percentage) terms, as the range between the lowest and highest rates in relation to
the EU-28 average decreased from 101.7 percentage points in 2015 to 93.3 percentage
points in 2020. The ratio of the performance of the countries in the extreme places in
the ranking of this indicator has also changed only slightly. In 2015, the ratio of the
best performance in the area of human capital of Finland to the lowest rate in Romania
was 2.6, while in 2020 the ratio for the highest in the area of human capital of Finland
and Italy was 2.4.

The analyses carried out in terms of isolated clusters also made it possible to draw the
following conclusions:

• In 2015, the average indicator for the Human Capital component of Cluster 1 and
2 countries was below the EU average, Cluster 3 was almost at the EU average, while
Clusters 4 and 5 were above the EU average;

• Almost all the countries included in Clusters 1 and 2 (with the exception of the Czech
Republic in Cluster 2) had a sub-indicator value in this area below the EU average.
In the third Cluster, this included three of the seven countries (Spain, Lithuania,
Portugal) and in Cluster four there were two countries (Latvia and Slovenia);

• In 2020, the average value of Human Capital in Clusters 1, 2 and 3 was below the EU
average, with lower values than the EU average for all countries in these Clusters
except Austria in Cluster 3;

• In 2020, in Clusters 4 and 5, the average value of the indicator in the cluster, as well
as the values of indicators for all countries in these clusters, were higher than the
EU-28 average.

Noteworthy is the fact that in the period 2015–2020 only four clusters increased the
average human capital ratio. These were Cluster 1 (an increase of just over 33% in the
cluster), Cluster 4 (an increase of almost 22%), Cluster 5 (an increase of almost 11%) and
Cluster 3 (an increase of less than 6%). On the other hand, the average human capital ratio
for Cluster 2 countries decreased by just over 6%.

Under Use of Internet services, the average sub-index increased by 28.9% between
2015 and 2020, with an average increase of 35.2% overall, significantly less. The highest
percentage increase was recorded in countries such as Romania, Ireland and Poland, while
Luxembourg, Denmark and Estonia were the least dynamic. Of the 28 EU countries,
15 countries scored below the EU average in 2015. These were the following countries in
order, starting with the lowest rate: Romania (21.71 points), Bulgaria, Italy, Greece, Poland
(33.42 points), Portugal, Cyprus, Croatia, Ireland, Austria, Czech Republic, Slovakia,
Slovenia, France, Spain (44.77 points). Among these countries, the level of the indicator
varied significantly as Spain’s index was 2.06 times higher than Romania’s. This group
included Poland, with a relatively poor result, as well as France, a more socio-economically
developed country, yet with a rather high agricultural position.

Among the 13 countries with an indicator above the EU average, Latvia (45.04 points),
Hungary, Belgium, Malta, Lithuania, Germany, Estonia, Luxembourg, the United Kingdom,
the Netherlands, Finland, Sweden, Denmark (65.31 points) were the order. The differences
between countries were much smaller than for countries with indicators below the EU
average, as the spread between Denmark and Latvia was 45% points out and this group in-
cluded 4 eastern European countries (the Baltic States and Hungary). In 2020, the following
16 countries scored below the EU average: Romania (35.89 points), Bulgaria, Italy, Greece,
Portugal, Poland (49.64 points), Slovenia, France, Slovakia, Latvia, Austria, Czech Republic,
Cyprus, Croatia, Hungary, Lithuania (57.32 points). It appears that Romania, Bulgaria, Italy,
Greece, Portugal and Poland remained the weakest countries in this respect. Lithuania and
Latvia, which were previously listed above, also joined this group. The spread between
Romania and Lithuania was 59.7%, significantly less than the five years earlier in this group.
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Among the countries with indicators above the EU average, only 12 countries were
included in 2020: Luxembourg (58.85 points), Spain, Belgium, Germany, Ireland, Estonia, Malta,
the United Kingdom, Denmark, the Netherlands, Sweden, Finland (76.34 points). Lithuania,
Latvia and Hungary, therefore, fell out from this group and Spain and Ireland were promoted.
The spread between Luxembourg and Finland was 29.7%, significantly less than in 2015.

In addition, analyzing data in Table 1, it can be stated that in 2015, the country with
the lowest rate in this area, Romania, accounted for 48.2% of the EU-28 average, while
the country with the highest rate was Denmark at 145.1%. Romania (61.9% of the EU-
28 average) also recorded the lowest score in 2020, while the best one was in Finland
(131.6% of the EU-28 average). Relatively, therefore, there is a clear decreasing polarization
in the area of internet service use, and the gap between the lowest and highest rates in
relation to the EU-28 average has decreased from 96.87 pps in 2015 to 69.71 pps in 2020).
It can, therefore, be concluded that the diversity in the use of online services is decreasing
between the EU Member States. This is also confirmed by the spread between the countries
with the highest and lowest rates in 2015 and 2020, as the ratio of these results has decreased
from 3 times to 2 times. However, it is still substantially high.

The analyses carried out within this component in terms of isolated clusters have
concluded that:

• In 2015, the average rate for the Use of Internet component of Cluster 1, 2 and 3 coun-
tries was below the EU average, while Clusters 4 and 5 were above that average;

• Almost all the countries included in Cluster 1 and Cluster 2 (with the exception of
Hungary in Cluster 2 and Belgium, Lithuania and Malta in Cluster 3) had a sub-
indicator value in this area below the EU average. In Cluster 4, they were two of the
seven countries (France, Slovenia);

• In 2020, the average use of Internet value in Clusters 1, 2 and 3 was below the EU
average, with lower values than the EU average for all countries in these clusters
except Spain in Cluster 3;

• In 2020, in Clusters 4 and 5, the average value of the indicator in the cluster, as well
as the values of indicators for all countries in these clusters, were higher than the
EU-28 average.

In all clusters, the average Internet usage rate increased in the period 2015–2020,
with Cluster 1 (an increase of just over 62%), followed by Cluster 4 and 3 (an increase of
about 26%) Cluster 5 (by almost 20%) and the smallest for Cluster 2 (just over 15.0%).

In the area of Integration of Digital Technologies, the average sub-index increased
by 41.6%, which is more than the Internet service usage rate and the total DESI index.
The highest percentage increase was recorded in countries such as Latvia, Estonia and
France, while Croatia, Greece and Slovakia were the least dynamic. Of the EU Member
States, 15 countries scored below the EU average in 2015. These were the following
countries according to the increasing size of the indicator: Bulgaria (15.28 points), Latvia,
Romania, Poland (17.27 points), Hungary, Italy, Greece, Estonia, Cyprus, France, Slovenia,
Luxembourg, Slovakia, Austria, Germany (28.48 points). The spread between Bulgaria
and Germany was 86.4%, which was significantly lower than for countries below the
EU-28 average for internet service use (2 times difference). Poland was also in the weak
fourth place in this group (in fifth place in Internet services). It is surprising that Germany,
which has such a high level of economic development, is included in this group of countries
(although it is in the best position).

Among the 13 countries with indicators above the EU average, the order was Spain
(29.27 points), Portugal, Lithuania, the United Kingdom, Malta, Croatia, the Czech Repub-
lic, Finland, Belgium, the Netherlands, Sweden, Ireland, Denmark (47.96 points). The range
between the indicators for Denmark and Spain was 63.9%. It is worth highlighting the rela-
tively high positions of Lithuania and the Czech Republic, countries neighboring Poland.

By contrast, in 2020, the following 16 countries scored below the EU average: Bulgaria
(17.86 points), Romania, Hungary, Poland (26.24 points), Greece, Latvia, Italy, Slovakia, Cyprus,
Luxembourg, Germany, Austria, Portugal, Slovenia, Estonia, Spain (41.22 points). The spread
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between Spain and Bulgaria had more than doubled (230.8%). This group mainly included
the same countries as in 2015, but in a slightly different order. A notable exception is France
leaving the group and the inclusion of Spain, which in 2015 was above the EU-28 average.

Among the 12 countries with indicators above the EU average, Croatia (41.47 points),
France, Lithuania, the Czech Republic, the United Kingdom, Malta, Sweden, Denmark,
the Netherlands, Belgium, Finland and Ireland (74.32 points) were among the 12 countries
with indicators above the EU average. The spread between Ireland and Croatia was 79.2%
and between Ireland and the United Kingdom (in the middle of the group) only 37.1%.
It is worth highlighting the relatively high places of Lithuania and the Czech Republic and,
above all, Ireland. Unlike the area of online services, however, the differences between
EU countries have widened in terms of the use of digital technologies. As the data in
Table 1 indicate, in 2015, the country with the lowest rate in this area, Bulgaria, accounted
for 52.3% of the EU-28 average and Denmark’s top 164.1%. Bulgaria (43.2% of the EU-
28 average) also recorded the lowest score in 2020, with the best in Ireland (179.6% of
the EU-28 average). Relatively, therefore, there is a clear increase in polarization in the
area of digital use, and the gap between the lowest and highest rates in relation to the
EU-28 average has increased from 111.8 pps in 2015 to 136.4 pps in 2020). In addition,
in 2015 there was more than 3 times the difference between Bulgaria, the country with the
lowest rate, and Denmark leading in this ranking, while in 2020 the difference between
Bulgaria and Ireland was more than 4 times.

The analyses carried out within the Integration of Digital Technology component in
terms of isolated clusters concluded that:

• In 2015, the average value of this indicator for Cluster countries 1, 2 and 4 was below
the EU average, while for Clusters 3 and 5 it was above that average. It is, therefore,
worth noting that the countries of the fourth cluster were characterized by relatively
poor performance in this area compared to the EU average;

• Almost all countries in Cluster 1 and Cluster 2 (with the exception of Croatia and the
Czech Republic in Cluster 2) had sub-index value in this area below the EU average.
In the third cluster, it was only Austria, and in the fourth cluster as many as six out of
seven countries (the exception was the United Kingdom);

• In 2020, the average value of indicators for this component in Clusters 1, 2 and 3 was
below the EU average, with lower values than the EU average for all countries in these
clusters except Croatia and the Czech Republic in Cluster 1 and France and Lithuania in
Cluster 3;

• In 2020, in Clusters 4 and 5, the average value of the indicator in the cluster, as well
as the values of indicators for countries in these clusters, were higher than the EU-
28 average, with the exception of Estonia, Luxembourg and Germany in Cluster 4.

In all Clusters, the average rate in this area increased over the period 2015–2020,
with Cluster 4 (an increase of almost 101%) and Cluster 1 (more than 76%) and 5 (almost
46%) and Cluster 3 (an increase of 15%), and the smallest for Cluster 2 (less than 4%).

In the last area analyzed (Digital Public Services) a significant change in data is
visible for the two years covered by the survey. The average value of this indicator for the
EU-28 increased by 43.4%. In this respect, the change noted must be assessed positively,
as it demonstrates progress in the key element of the digital economy, which is digital
public services, and at the same time a condition necessary for strictly administrative
applications, such as:

• E-government users;
• Partially completed forms;
• Comprehensive online services, including business services;
• The advancement of open data as a condition for greater participation of citizens in

such services, as well as the basis for the development of new ICT solutions;
• E-Health.
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An analysis of the country-specific changes recorded revealed that 14 out of 28 EU
countries achieved a below-average result in 2015 and 2020. In both years this was the
case in Bulgaria, Cyprus, the Czech Republic, Germany, Greece, Croatia, Hungary, Italy,
Romania, Slovenia, Slovakia and the United Kingdom and, in addition, in 2015, France and
Luxembourg, and, in 2020, Poland and Belgium. The lowest score in 2015 was recorded in
Greece (20.62 points), Croatia (27.14 points) and Hungary (28.21 points), while in 2020 in
Romania (48.41 points), Greece (51.50 points) and Slovakia (55.61 points).

The second half of EU countries achieved above-average results in the years analyzed.
These were Austria, Denmark, Estonia, Spain, Finland, Ireland, Lithuania, Latvia, Malta,
the Netherlands, Portugal, Sweden and, moreover, in 2015, Poland and Belgium, and,
in 2020, France and Luxembourg. Estonia (77.29 points), Denmark (74.38 points) and
Finland (72.12 points) scored the highest score in 2015, while Estonia (89.33 points) and
Denmark (87.13 points) and Spain (87.28) scored the highest score in 2020.

In relation to the EU-28 average (Table 1), it was found that:

• In 2015, the lowest rate recorded for Greece was 41.07% of the EU-28 average and the
highest for Estonia was 153.93%;

• In 2020, the lowest rate recorded for Romania was 67.23% of the EU-28 average and
the highest for Estonia was 124.08%. This clearly attests to the decreasing spread
of performance between EU countries in relation to the average (from 112.86 pps in
2015 to 56.84 pps in 2020), which promotes their convergence. The positive conver-
gence process is also confirmed by the improvement in the relationship between the
performance of the countries with the highest and lowest rates, as it has decreased
from 3.74 in 2015 to 1.85 in 2020. However, it is still substantially high.

The results of research in the area of Digital Public Services (DPS) in the cross-section
of isolated clusters have led to the following conclusions:

1. For Cluster 1 in 2015, the rate was 43.09 points, 59.33 in 2020, an increase of 37.7%.
However, the achieved indicator values for Cluster 1 were below the UNION average;

2. For Cluster 2 in 2015, the DPS was 27.92 points and in 2020 it was 63.24 points,
an increase of 126.5%. Despite such significant pro-growth developments, the DPS
achieved for this cluster was below the Union average;

3. For Cluster 3 in 2015, the DPS was 62.26 points, then increased to 80.35 in 2020, i.e.,
by 29.0%, and its values in both 2015 and 2020 were above the Union average;

4. For Cluster 4 in 2015, the DPS accounted for 50.92 points, after which it increased
to 75.82 in 2020, i.e., by 48.9%, and its values in both 2015 and 2020 were above the
Union average;

5. For Cluster 5 in 2015, the DPS was 69.61 points, then increased to 83.61 in 2020, i.e.,
by 20.1%, and its values were both above the EU average in 2015 and 2020.

All clusters showed an increase in DPS. The most dynamic changes in the years
2020 and 2015 were compared for Cluster 2 countries, followed by Cluster 4 and Cluster 1,
and the smallest for Cluster 3 and Cluster 5.

Summarizing the above considerations and the effects of the empirical research under-
taken, it should be emphasized that, in the years 2015–2020, there were similarities between
individual EU countries in terms of the results achieved by them in the development of
the digital economy and society. The applied statistical methods in the field of structure
taxonomy allowed for the identification of a total of five cluster structures, among which
the lowest results in the development of the digital economy and society were achieved by
countries belonging to Cluster 1, and the highest to Cluster 5. On the basis of the conducted
research, it has been shown that there is a visible increase in convergence between the
EU-28 countries with regard to the digital economy and society, based on the main DESI
index and its four sub-indicators. For the Integration of Digital Technology sub-indicator,
an increasing polarization of results was demonstrated, which should be assessed as a
negative phenomenon. The authors of the paper would like to note the emerging need
for further research on this subject, with particular emphasis on Integration of Digital
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Technology in order to demonstrate the causes of this state and to formulate possible
proposals for changes for specific policies in the EU.

5. Discussion of Findings

Our results lead to an identification of 5 groups of the EU-28 countries according
to their levels of development of the digital economy and society. Thus, they prove the
research results observed in earlier studies indicating the fact of huge differentiation among
the EU countries within this issue [23,68,84]. On the basis of the data from 2015 and
2020, five cluster groups of countries were isolated basing on similar DESI values and the
similarity of values within its five internal structures. The analysis of the clusters shows
that their composition in 2020 compared to 2015 has changed significantly. Out of 28 EU
countries, 14 have remained in their clusters:

• Cluster 1: Bulgaria, Cyprus;
• Cluster 2: Hungary;
• Cluster 3: Austria, Spain, Lithuania;
• Cluster 4: Germany, Estonia, Luxembourg, the United Kingdom;
• Cluster 5: Denmark, Finland, the Netherlands and Sweden;

At the same time, other countries were promoted:

• from Cluster 1 to Cluster 2: Italy, Poland, Romania;
• from Cluster 3 to Cluster 4: Belgium, Ireland, Malta;

and others have moved to the lower cluster:

• from Cluster 4 to Cluster 3: France, Latvia, Slovenia;
• from Cluster 3 to Cluster 2: Portugal;
• from Cluster 2 to Cluster 1: The Czech Republic, Greece, Croatia, Slovakia.

We have found out that, in fact, the differences in the level of development of the digital
economy and society within the EU still exist, despite all the investments and policies made
in recent years. Moreover, the countries identified as the least digitally developed in earlier
studies remain basically the same, whereas the same refers to the most digitally developed
countries [103]. In our research, Bulgaria, Cyprus, Greece, Italy, Poland and Romania in
both years are among the two lowest clusters, while Denmark, Finland, the Netherlands
and Sweden are the digital leaders belonging to Cluster 5, which groups the most advanced
countries in this area. This situation is not surprising, considering that North European
Countries are pioneers in promoting digital development [104]. Our analyses show that,
in a synthetic assessment, all EU countries showed progress in the digital economy and
society, and the transition to a lower cluster concerned those countries that still showed
an increase in DESI and individual sub-rates in 2020 compared to 2015. On a cluster basis,
DESI and its five subcomponents reported positive dynamics of average sub-index values
for clusters, with the exception of Cluster 2, for which the average human capital ratio
decreased in 2020 compared to 2015. The results of our research, therefore, confirm that the
development of the digital economy and society of the Countries of the European Union is
not homogeneous and specific groups of countries (clusters) are distinguished, taking into
account the similarity of their performance in this area. The results obtained in this respect,
therefore, allow for positive verification of the hypothesis HS1.

Studies have shown that all EU countries have seen an increase in DESI during
the analysis period, which should clearly be assessed positively, but the scale of the
increases and their dynamics varied significantly. In relative terms, the greatest progress
(i.e., the greatest dynamics of change) in 2020 compared to 2015 was shown among countries
making up for the development gap in relation to the EU average, such as Hungary, Romania,
Italy, while the lowest dynamics were in Denmark, Estonia and Sweden. Our research has also
shown that in the five subcomponents that make up the overall DESI index, the performance
of individual countries has improved, with different dynamics of change taking place in
different areas. The only exception here is Latvia, whose human capital ratio has deteriorated.
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In the area of connectivity, taking into account the average value of the indicator for
the EU-28 countries, the most dynamic developments have been recorded, which should
be assessed highly positively, as this shows a dynamic improvement in the connectivity
situation, both from the demand side and the supply of fixed and mobile broadband.
In the area of human capital, it was found that all EU countries except Latvia had seen
an improvement in the index, but the dynamics of change here were significantly lower
than for the other indicators as well as the synthetic DESI. The changes taking place in this
area are, therefore, much slower, as they concern changes in the knowledge and skills of
nationals and are the result of existing ICT education solutions in those countries. They are,
therefore, evolutionary rather than revolutionary that was also observed in research of
others, [105]. The third indicator, for the Use of Internet services area, was relatively high
in the years analyzed compared to the other components, and its average value for the
EU-28 was second only to those in the area of Digital Public services. However, the growth
rate of the EU-28 average was lower than the DESI synthetic index and connectivity,
integration of digital technology and digital public services indicators. On the other hand,
the dynamics of the average component 4 indicator (Integration of Digital Technology)
have only given way to the dynamics of change in connectivity and Digital Public services
over the years, which demonstrates the dynamic development of digital technologies and
e-commerce channels in the business sector in the European Union. The fifth area examined,
Digital Public services, was the second-highest growth rate for the EU-28, indicating the
rapidly growing potential of ICT in the public sector, both in demand and in the supply of
digital public services and in open data.

Finally, when analyzing the DESI synthetic index and its components, it was concluded
that there is generally an increase in the convergence between the EU-28 countries in
relation to the economy and the digital society over the years analyzed, however in some
dimensions there is evidence that the European digital divide is narrowing, while in the
other it appears to be widening. This is evidenced by the positive changes in the relationship
between the performance of the countries with the highest and lowest rates: synthetic and
in the areas of Connectivity, Human Capital, Use of Internet and Digital Public Services,
both in relation to each other and in relation to the EU-28 average. The largest reductions
in the range of results for countries with extreme indicator values in 2015 and 2020 were
recorded in the areas of Digital Public Services, Use of the Internet and Connectivity.
It can, therefore, be concluded that these are the areas where the least developed countries
in a given respect make the most progress compared to the leaders’ countries and the
EU-28 average. Dynamic positive changes in the indicated areas are also confirmed by
studies by other authors [68,106]. Only a slight increase in the convergence between the
EU-28 countries has been recorded in terms of Human Capital, which only confirms the fact
that changes are taking place here relatively more slowly than in other areas. Noteworthy
is the fact that the area of Integration of Digital Technology was the only one where there
was an increasing polarization of results. Unlike other components, in terms of the use
of digital technologies, the differences between EU countries widened over the period
analyzed; the gap between the lowest and highest performing countries in relation to
the EU-28 average increased, and the advantage of the country with the highest score in
relation to the worst-performing country also increased. Our findings in this respect are,
therefore, in line with those of other authors, indicating that the transition to a digital
economy and European society is gradual in all sectors, and its rhythm is dictated by the
individual initiatives of the Member States and the corresponding historical economic
sectors. European and national initiatives involving both private and public investment in
the deployment of new digital technologies provide diverse opportunities for the industry
in particular countries to achieve new benchmarks [107].

The results presented clearly confirm that the levels of indicators and the dynamics
of changes in their values in 2015 and 2020 in the five baseline areas of the DESI analysis
vary despite the fact that almost all of them are pro-growth, including for isolated clusters
of EU-28 countries, and the pace of their changes is not uniform, which allows positive
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verification of the hypotheses HS2 and the main hypothesis. However, the direction and
dynamics of the changes in indicators across countries indicate different convergence
processes in the synthetically understood area of the digital economy and society, as well as
in terms of connectivity, human capital, internet use and digital public services. Only in the
area of the use of digital technologies have the differences between EU countries widened
during the analysis period. The analyses presented are an indication of the European Union
administration’s efforts to promote the sustainable development of the digital economy
and society. They should serve as an indication of the increase in national expenditure on
the development of individual components, especially those with a weaker performance of
the particular country in comparison with other EU countries.

6. Conclusions

The results of the analysis of digitization processes and their effects in the field of
Connectivity, Human Capital, Use of Internet, Integration of Digital Technology and Digital
Public Services are important for shaping the proper domestic policy of governments,
for strengthening the competitiveness of a given country in various areas of the economy
and for everyday life. In 2014 the European Commission introduced the Digital Economy
and Society Index (DESI). It is a comprehensive measure for the synthesis of data received
from individual member countries. The indicator is an effective tool for assessing the
economic and social impact of digitization in the EU. Moreover, in recent years DESI
has served as an important factor in shaping European policy on harmonious digital
development. It is also a reference point for the comparative analyzes of various aspects of
digitization in individual EU countries.

In this study, DESI was used for the complete and up-to-date analysis of the economic
and social aspects of digitization in the 28 EU countries. It was done in the context of the
trend of digital convergence. The results of the analyzes performed can help in shaping
the economic policy in Europe. They show the strengths and weaknesses of the digital
development strategy in individual EU countries. They also point to those areas where
the difference in the dynamics of digitization between more and less digitally advanced
countries still remains very noticeable.

The research presented here also has some limitations. Although DESI is a widely
used and effective measure of digitization processes, this indicator should be used with
some caveats. Its introduction was aimed at providing a unified and standardized image of
the comprehensive digital ecosystem that forming inside the EU. The methodology applied
here was subject to the requirement of universality, which was aimed to make it effective
in research conducted in an individual EU country. For this reason, the obtained results are
general in nature and require deeper analysis. This implies the need to collect additional,
including qualitative, data to explain certain state-specific phenomena. Another issue that
should be noted here is the difference between individual statistical offices and between
the methods of collecting data in individual EU countries.

Despite the limitations outlined above, DESI can be regarded as an effective tool for
drawing up a comprehensive picture of the complex dynamics of digitization processes in
today’s Europe. Digital convergence still remains an open problem, which implies the need
to deepen the research presented in this paper. Although the analysis of individual clusters
presented in the paper may be useful for the quantitative assessment of differences in the
dynamics of digitization processes in individual countries, our study does not explain the
reason for the existence of such differences. The presented analysis focuses on five main
dimensions that make up DESI: Connectivity, Human Capital, Use of Internet, Integration
of Digital Technology and Digital Public Services. A more detailed picture of the dynamics
of digital development in future research can be obtained by referring to aspects of the
process that are more specific than those mentioned above, using second-level data for each
dimension. This would allow, inter alia, to explain the existence of significant differences
in the dynamics of digitization between individual EU countries.



Energies 2021, 14, 2717 22 of 26

Author Contributions: Conceptualization, R.B., J.M., M.S., A.T., K.Ż. Formal analysis, B.S.-T., A.T.,
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Appendix A

Table A1. Value of DESI and its subcomponents in 2015 in a cross-section of EU-28 countries *.

Country DESI Connectivity Human Capital Use of Internet
Services

Integration of Digital
Technology Digital Public Services

Austria 40,54 28,26 50,19 42,20 28,02 59,93

Belgium 42,82 31,44 46,38 47,19 42,84 51,46

Bulgaria 26,81 26,10 29,18 29,51 15,28 36,73

Croatia 33,00 22,60 41,00 39,20 35,74 27,14

Cyprus 30,65 17,44 33,55 37,48 25,00 48,52

Czech Republic 38,10 32,38 44,86 42,60 37,20 33,04

Denmark 56,98 45,11 60,63 65,31 47,96 74,38

Estonia 48,69 38,69 55,89 56,73 24,71 77,29

Finland 56,67 39,64 72,21 63,11 42,13 72,12

France 37,46 30,63 44,26 44,57 25,91 45,80

Germany 41,08 35,70 51,26 48,66 28,48 42,31

Greece 26,13 18,93 34,21 32,67 24,27 20,62

Hungary 31,69 29,40 38,44 46,03 17,95 28,21

Ireland 43,07 26,29 47,46 41,49 46,29 61,01

Italy 29,75 23,58 30,81 32,08 22,18 46,04

Latvia 38,62 45,52 36,73 45,04 15,53 54,64

Lithuania 40,37 34,33 34,94 48,15 33,68 60,65

Luxembourg 44,77 45,10 52,57 58,22 26,90 41,58

Malta 46,49 32,73 53,36 47,70 35,65 71,20

Netherlands 51,23 40,37 54,33 59,55 43,38 66,31

Poland 31,31 27,84 31,68 33,42 17,27 53,06

Portugal 37,08 30,85 31,91 34,87 30,12 67,55

Romania 26,87 34,94 27,47 21,71 16,73 31,11

Slovenia 38,23 36,28 41,66 43,41 26,67 46,02

Slovakia 33,06 28,88 36,97 42,78 27,95 30,60

Spain 41,36 33,54 43,20 44,77 29,27 64,06

Sweden 55,13 44,80 61,26 65,07 45,05 65,64

United Kingdom 45,70 34,23 56,35 58,25 35,00 48,80

EU-28 38,91 31,13 43,99 45,01 29,22 50,21

* Values rounded to two decimal places. Source: own study based on European Commission data available on the https://digital-agenda-
data.eu/ (accessed on 23 October 2020).

https://digital-agenda-data.eu/
https://digital-agenda-data.eu/
https://digital-agenda-data.eu/
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Table A2. DESI and its subcomponents in 2020 in a cross-section of EU-28 countries *.

Country DESI Connectivity Human Capital Use of Internet
Services

Integration of Digital
Technology

Digital Public
Services

Austria 54,31 47,15 56,73 54,02 40,58 80,84

Belgium 58,71 52,03 50,39 61,16 65,87 71,73

Bulgaria 36,44 38,50 33,92 36,65 17,86 61,76

Croatia 47,56 41,15 49,15 55,48 41,47 55,75

Cyprus 43,98 38,46 35,80 54,48 34,48 68,96

Czech Republic 50,78 44,88 48,64 54,14 49,59 62,38

Denmark 69,15 65,82 61,28 75,15 65,15 87,13

Estonia 61,07 51,86 66,66 65,42 41,15 89,33

Finland 72,31 59,17 78,44 76,34 67,05 86,99

France 52,19 49,84 47,43 53,06 42,05 76,71

Germany 56,05 59,40 56,42 61,57 39,53 66,37

Greece 37,32 33,37 34,79 46,09 28,20 51,50

Hungary 47,52 59,79 41,84 55,90 25,31 57,77

Ireland 61,79 45,69 56,40 62,09 74,32 80,63

Italy 43,65 49,99 32,46 44,48 31,23 67,48

Latvia 50,71 61,76 35,02 53,98 28,31 85,06

Lithuania 53,89 48,88 43,83 57,32 49,47 81,45

Luxembourg 57,92 63,35 58,22 58,85 38,21 73,74

Malta 62,70 58,72 61,76 65,90 54,90 78,13

Netherlands 67,69 60,32 64,16 75,20 65,75 80,96

Poland 44,96 51,34 37,27 49,64 26,24 67,41

Portugal 49,58 53,92 37,77 48,09 40,87 75,12

Romania 39,97 56,19 33,16 35,89 24,93 48,41

Slovenia 51,20 50,23 48,35 51,71 40,95 70,75

Slovakia 45,18 47,46 41,81 53,36 32,57 55,61

Spain 57,54 60,79 47,56 60,78 41,22 87,28

Sweden 69,74 64,37 71,72 75,95 62,13 79,34

United Kingdom 60,41 48,82 63,00 73,31 54,19 70,77

EU-28 52,62 50,06 49,29 58,03 41,37 72,00

* Values rounded to two decimal places. Source: own study based on European Commission data available on the https://digital-agenda-
data.eu/ (accessed on 23 October 2020).
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