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Abstract: Successful implementation of digital solutions in a given region or country significantly
depends on the implementation of this process by Small and Medium-Sized Enterprises (SMEs).
This problem is very well understood in the European Union, where actions are being taken to
accelerate this process and build a sustainable and competitive knowledge-based economy. This
article addresses this issue by conducting a study of the digital maturity of SMEs among the EU-
27 countries. The aim of the study was to determine the level of digital maturity of SMEs in the
EU-27 countries as well as whether and how the economic parameters of individual EU countries
affect the process of SME digitalization. The adopted objectives determined the developed research
methodology and the applied methods. The research was based on data from the Eurostat database,
on the basis of which 11 indicators characterizing technologies and digital solutions identified with
the Industry 4.0 concept were specified and adopted for the study. The entropy-based Evaluation
based on distance from average solution (EDAS) method was used to assess the EU countries in terms
of the level of digital maturity of SMEs, and the Principal Component Analysis (PCA) method was
used to analyze similarities between these countries in terms of technologies implemented in SMEs.
On the other hand, to determine a relationship between the digital maturity index (digitalization) and
the basic economic parameters of the economy, two nonparametric tests (Spearman and Tau Kendall)
were utilized. Based on the determined digital maturity index, the EU-27 countries were evaluated in
terms of the level of digital maturity of SMEs, dividing them into four groups. The results showed
large discrepancies between individual EU-27 countries and between the old (EU-14) and the new
(EU-13) EU countries in terms of SMEs digitalization. These results should be widely used to develop
a digitalization strategy for the EU economy and policies to improve the degree of digitalization,
especially in countries lagging in this area. The universality of the developed methodology creates
wide opportunities for its use to study other countries and regions worldwide.

Keywords: digitalization; economic growth; SMEs; EU-27; entropy-EDAS method; PCA method

1. Introduction

The dynamic development of information and communication technology (ICT) has
caused huge changes in the global economy [1,2]. The development of networks, the Inter-
net, and the increasingly widespread use of digital solutions have led to enormous changes
in almost all areas of life. The pandemic caused by the SARS CoV-2 coronavirus, which
has been ongoing since the beginning of 2020, has further accelerated these changes [3].
Synonymous with them is the concept of Industry 4.0, which first appeared at the Hannover
Fair in 2011 [4,5].

Currently, digital technologies are increasingly being used in production and ser-
vice processes, where they are becoming synonymous with modernity and innovation.
Therefore, innovations related to the digitalization and implementation of the Industry 4.0
concept are becoming a driver of economic growth for many companies, countries, and
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regions worldwide [6]. Companies using these technologies and related solutions are be-
coming both more competitive and innovative. Thus, to effectively conduct their business,
these companies must adapt to the changes occurring in the market. While this process, due
to financial and human resources, is easier for large companies, it can be a serious problem
for small and medium-sized enterprises (SMEs) [7]. Their smaller potential and investment
opportunities make the introduction of modern, and thus expensive, technologies and
solutions—requiring high-class specialists—an uneasy process. However, the role and
significance of SMEs in the global economy make the problem of their adjustment to the
changes taking place very serious, and, in many cases, even key for the economic and social
development of particular countries and regions [8].

Micro, small, and medium enterprises are the basis of the economy of many countries
and regions, including the European Union (EU), where they comprise as much as 99% of all
enterprises. They employ about 100 million employees and are responsible for generating
over half of the European GDP (European Commission—Entrepreneurship and small and
medium-sized enterprises (SMEs)). They also play a key role in the production of gross
value added in virtually every sector of the EU economy. Therefore, it can be concluded
that SMEs are also an indispensable and key link of the EU economy, both because of their
huge share in GDP and as one of the largest employers in the market [9].

In the context of the digital transformation related to the Industry 4.0 concept, given
the position of SMEs in the EU, the process of adapting this group of companies to the
ongoing economic changes is of key importance for the further development of the region.
On the one hand, this process is a great opportunity for the development of these companies
and the entire EU economy, and on the other hand, it is a big organizational, social, and
economic challenge. It is obvious that the digitalization of economy and the implementation
of Industry 4.0 are also associated with many risks and problems. As for the EU, this process
is additionally complicated due to fragmentation (27 countries) and thus different levels of
their development.

Despite these issues, the EU is very determined to promote and encourage SMEs to
introduce solutions based on new digital technologies. This process is also very important
for large companies which cooperate with SMEs to a large extent. The globalization of the
economy also makes it more efficient in the supply chain, especially in the medium and
long term, to work with companies adapted to the digital economy.

Therefore, it is in the interest of individual countries, regions, and large companies and
corporations, as well as local societies and SMEs themselves, to adapt as quickly as possible
to the changes associated with the development of new technologies and the digitalization
of the economy. In the case of SMEs, due to limited personal and financial resources, e.g.,
in relation to large enterprises, this process is significantly hindered. However, it is clear
that the future of SMEs, which are the main contributors to most industries and coun-
tries [10], depends largely on their ability to respond effectively to customer expectations
while maintaining a competitive advantage in their market, which their digitalization can
largely guarantee [11]. This implies the need to adapt to current trends and to also continu-
ously improve management processes, such as planning, resource utilization, controlling
production/services, and evaluating operational performance.

On the other hand, as the authors of several papers (e.g., [12–14]) indicate, the im-
plementation of Industry 4.0 brings great opportunities for sustainable development and
increase in production efficiency by up to about one third. Therefore, this growth, and,
consequently, the possibility of acquiring new customers and markets, the development of
staff, and many other benefits make the implementation of new technologies in the group
of SMEs both a necessity and an opportunity for their development, including the whole
world economy.

This problem is well understood in the EU, where the importance of SMEs for the
construction of a single digital market has now become one of the key areas of devel-
opment in the region. The EU is constantly expanding its legal and financial support
for the development of business activities in this respect. In the last ten years, many
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documents related to the digitalization of the EU economy have been adopted. Some of
the very important documents include “A Digital Agenda for Europe” [15], “European
Broadband: Investing in Digitally Driven Growth” [16], “Towards a Thriving Data-Driven
Economy” [17], “The EU’s New Digital Single Market Strategy” [18], “Building a European
Data Economy” [19], “Information Society” [20], “Age of Artificial Intelligence: Towards
a European Strategy for Human-Centric Machines” [21], and the most recent one, “The
Digital Europe Programme” (DIGITAL) [22]. The budget of The Digital Europe Programme
is around EUR 8.1 billion. It is part of the EU budget for 2021–2027 and aims to financially
support the digital transformation of European economies and societies. It is designed to
develop and financially support UE-27 countries in key areas: supercomputing, artificial
intelligence (AI), cybersecurity, advanced digital skills, and the use of digital technologies
in the economy.

Large financial outlays that are, and will be, allocated to the digital development of
SMEs make it necessary to develop appropriate rules for their distribution, taking into
account the different levels of economic development of individual countries and their
economic and scientific potential. An important element is also the ongoing assessment
of the state of digital maturity and the effectiveness of existing policies in this area. It is
important that EU funds are optimally invested and support the digitalization processes of
countries and enterprises that experience certain problems and can make full use of them.

SMEs are one of the main beneficiaries of the EU’s digitalization support policy. In
order to achieve the expected results, it is necessary to assess the level of digital maturity of
this group of enterprises in individual EU-27 countries. The results of such an assessment
should be used to develop guidelines for the targeting of financial support in terms of
countries, groups of enterprises, and specific projects. It also seems reasonable to cooperate
between companies from different countries and to exchange good practices in this area.

Publications on the digitalization and implementation of the Industry 4.0 concept in
SMEs among the EU-27 countries cover many problems related to it. They are mainly
devoted to the analysis of the impact of investment in new technologies on the financial
performance of this group of companies [23] and the identification of determinants and
barriers in the implementation of digital technologies [24–26].

However, there are no studies devoted to the assessment and comparison of the level
of digital maturity of SMEs in all EU-27 countries and the impact of the economies of these
countries on the level of digitalization of this group of companies. There are only works
devoted to single countries, such as the Czech Republic [27] or Bulgaria [28]. This problem
is slightly more extensively presented only in one study [29], which assesses the level of
the EU countries in terms of digital readiness of manufacturing enterprises.

The conducted analysis proves that at this stage, there are no studies and, consequently,
knowledge in terms of assessing the level of digital maturity of SMEs in the countries of
the entire European community. Undoubtedly, such a study could be used to develop
comprehensive solutions to accelerate the implementation of the digitalization process in
this group of companies. Therefore, it can be concluded that there is a research gap in
the assessment of digital maturity of SMEs in the EU-27, which this paper attempts to fill
by conducting an extensive study of the cumulative and multidimensional knowledge of
digital maturity of this group of enterprises.

For this purpose, methodology was developed and a study was carried out to assess
the digital maturity of SMEs in the EU-27. The results obtained should significantly enrich
the knowledge of the assessment of the state of use of digital technologies and solutions in
SMEs in the countries under study.

The presented research problem led the authors to formulate the following research
questions, which clarify and order the subject and scope of research as well as enable the
analysis of results, formulation of final conclusions, and limitations and directions for
future research:

(1) What is the level of digital maturity of SMEs among the EU-27 countries?
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(2) What are similarities between the EU-27 countries in terms of digital technologies
implemented in SMEs?

(3) Do the economic parameters of the EU-27 economies affect the state of digitalization
(which is measured by the value of the digitalization index) in these countries?

In order to answer the questions posed, research was conducted using data from the
Eurostat database and a number of methods and analytical tools. The assessment of the
level of the EU countries in terms of digital maturity of SMEs was made using the entropy-
evaluation based on the distance from average solution (EDAS) method. The analysis
of similarities between these countries in terms of implemented digital technologies in
companies was performed using the method of principal components analysis (PCA). To
assess the relationship between the digital maturity index (determined by the entropy-
EDAS method) and the basic economic parameters of the economies of each country, two
nonparametric tests were used, based on which the Spearman’s rank correlation coefficients
and the Kendall’s tau coefficients were determined.

In relation to the existing studies, the presented work is characterized by a new
approach to the studied problem in three areas. First, no assessment of the EU-27 countries
in terms of the digital maturity of SMEs has been conducted so far. Such an assessment,
as already mentioned, is extremely important for the diagnosis of the current state and
the development of a digitalization strategy for the EU-27 countries. Secondly, there is
also no research that would indicate which digital technology solutions (related to the
Industry 4.0 concept) are used in SMEs in the EU-27 countries and which countries show
the greatest similarity in this regard. Third, the existing literature still lacks studies that
would indicate whether and how the economic parameters of individual countries are
related to the process of digitalization of SMEs in these countries.

This research can also be taken as part of the monitoring of innovation and areas
around innovation in SMEs in the EU-27, divided into the EU-14 (old EU countries) and
the EU-13 (new EU countries), which is also a new approach to the problem of studying
the digital maturity of individual countries.

2. The Role and Significance of SMEs in the EU

According to the European Commission Recommendation 2003/361 [30], small and
medium-sized enterprises (SMEs) are defined as enterprises with a number of employees
and profits within certain limits:

– A medium-sized enterprise has up to 250 employees (and not more than 10), a turnover
of up to EUR 50 million, or a balance sheet total of up to EUR 43 million.

– A small enterprise has between 10 and 50 employees and a turnover or balance sheet
total up to EUR 10 million.

Micro enterprises are also identified, which have up to 9 employees and a turnover or
balance sheet total of up to EUR 2 million.

Therefore, the entire group of SMEs is made up of enterprises that have between
10 and 250 employees and an annual turnover of less than EUR 50 million and/or an
annual balance sheet total of less than EUR 43 million [31]. For several years, the number of
SMEs in the EU-27 has been increasing. Per every three jobs in the EU-27, as many as two
are generated by this group of enterprises. Therefore, these enterprises are a key element of
the EU-27 economy.

According to one report [32], in 2020 there were just over 22 million micro, small, and
medium-sized enterprises (all SMEs) in the EU-27, which accounted for as high as 99.8% of
all enterprises in the non-financial business sector (NFBS). Of these, as high as 93% were
micro-enterprises, while about 1.3 million were small enterprises with 10 to 49 employees
and about 200,000 were medium-sized enterprises with 50 to 249 employees. Moreover,
53% of the total value added in the EU-27 was generated by this group of NFBS enterprises,
which employed 65% of the employees from the total NFBS in the EU-27. The number of
SMEs in EU-27 countries is presented in Figure 1.
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Therefore, all SMEs are an important part of the overall European economy. How-
ever, the diversity of the EU means that their importance and their role and share in the
economies of individual countries varies considerably. Across the EU-27, the average value
of SMEs’ contribution to GDP is around 56%. However, in Malta, this share is as high as
93.1%, and in Germany—82% of GDP. Altogether, in the EU-27, all SMEs employ about
84 million people. In Europe’s largest economy, Germany, nearly 18.5 million people work
in these enterprises, of which more than 6.8 million are employed in small businesses.

These data show that almost 1.5 million enterprises in the EU-27 are small and medium-
sized enterprises (SMEs), which account for more than 6.6% of the total number of compa-
nies in the EU-27. These enterprises employ more than 45 million workers, which accounts
for 35.9% of all employed in the EU-27 and produce 34.3% of the value added in the
entire EU-27.

When analyzing the data presented, it can be concluded that the group of SMEs has a
major impact on the overall well-being and performance of the EU economy. Therefore, it
is not surprising that the European community is very concerned about the development
of this group of enterprises. Currently, the main objectives of the EU in relation to SMEs
are to introduce digital solutions related to the Industry 4.0 concept as soon as possible in
these enterprises. It has become the basis for the EU’s operational activities to improve
the level of digitalization while maintaining the principles of sustainable development,
including economic, environmental, and social factors, as well as reducing regulatory
burdens and improving access to free market and sources of financing in relation to these
enterprises [33].

The role and importance of SMEs in the EU and the global economy in general is very
large and growing, which makes the assessment of the digital maturity of this group of
companies in the EU countries fully justified and concerns a current and important problem.
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3. Literature Review
3.1. Industry 4.0 in SMEs

The digitalization and implementation of solutions related to Industry 4.0 in SMEs
are discussed by many authors, as evidenced by a large number of publications devoted
to this subject (Figure 2). In order to analyze them, a synthetic review was conducted in
accordance with the general principles of systematic review [34]. The SCOPUS database
was used to search for phrases “Industry 4.0” and “SMEs” used in the titles, abstracts, and
keywords of the publications included in this database (in journals, conference materials,
books, and their chapters).
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The total number of identified papers was 609 (as of 2 January 2022). The first work
indexed in this database combining the concepts of Industry 4.0 and SMEs comes from
2014 and concerns technical requirements for efficient networking of companies in complex
logistics and production systems of SMEs [35]. Since then, the number of publications on
this topic has been growing, especially since 2016 (Figure 2). These publications address
various research problems, including the implementation of Industry 4.0 solutions [36–38],
sustainability and the Industry 4.0 concept [13,39], digital factories, business models, Industry
4.0-related technologies (IoT, AI, cloud computing, big data), digital readiness, and maturity
assessment [24,40,41]. A summary of the most frequently cited keywords by the authors of
these publications, in the form of a cloud, is shown in Figure 3.

Many publications from this group also deal with the discrepancy between the concept
of Industry 4.0 and the actual needs of SMEs and the barriers associated with the digital-
ization process in this group of companies [42–45]. With regard to the studies dedicated
to the problem of digital readiness and maturity, the analysis identified a total of 11 such
works. Their titles, abstracts, or keywords contained the following phrases: “Industry 4.0”
and “SMEs” and “digital readiness” or “Industry 4.0” and “SMEs” and “digital maturity”.
The issue of digital readiness of SMEs was addressed in five papers [45–49], and digital
maturity in six papers [50–55].

The work of Genest and Gamache [47] identifies the conditions necessary to prepare
SME manufacturing companies for the digital revolution. A review of these conditions
indicates that, as a first step, appropriate business practices must be emplaced to improve
manufacturing agility. The second important factor is the company’s access to data on
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production parameters (preferably in real time), as only this will enable the implementation
of appropriate technological solutions of Industry 4.0. However, this process requires a
company to have a high-speed Internet connection. A very important factor identified
in this work is also the need for staff training. The factors identified in this study, in
particular appropriate infrastructure and staff competence, are necessary for the process of
digitalization, i.e., the implementation of Industry 4.0 solutions. In turn, Pirola et al. [49]
proposed a comprehensive model for assessing the digital readiness of SMEs in Italy. The
authors conducted research using the developed model in 20 companies. The model
allowed the assessment of the digital maturity of enterprises in four dimensions: strategy,
people, processes, and technology integration. The adopted dimensions are a valuable
achievement of this publication, although it covered a relatively small number of companies.
In turn, Brozzi et al. [46] presented methodology for self-assessment of SMEs in terms of
the level of digital readiness, which can be low, medium, or high. The method is based
on a set of key readiness indicators (KRI) in terms of strategy, technology requirements,
awareness of digital trends, and employee competencies. In addition, relying on a broad
set of KRI indicators is a significant advantage. Cuhna and Sousa [56] discuss the need for
a reconceptualization of Industry 4.0 adapted to the needs of SMEs. The authors point out
the lack of skilled personnel and understanding of Industry 4.0 concepts in SMEs, which
hinders the digital transformation of this group of companies. A valuable achievement
of this work is the identification of very specific barriers related to the implementation
of Industry 4.0 concepts in SMEs. Lassnig et al. [48] conducted a study to discuss the
differences between SMEs and large companies in terms of digital readiness. The results of
the study showed that large companies have a dedicated person or department responsible
for the Industry 4.0 strategy, while SMEs are flexible in this regard—it is usually the
CEO or management that holds responsibility. The results of this research also indicate
that employees in SMEs are less aware of the opportunities and risks associated with
digitalization and are less prepared to implement this strategy than employees in large
companies. This work shows that SMEs are significantly less prepared to implement
Industry 4.0 concepts than large enterprises.
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In terms of assessing the digital maturity of enterprises, Cognet et al. [52] presented a
framework of two models to assess this maturity: the IMPULS and PwC models. These
assessments include several steps and provide a valuable proposal to compare differ-
ent research methods. On the other hand, Sassanelli et al. [54] presented an ecosystem–
technology–business–skills–data (ETBSD) reference model that DIHs can use to configure
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their service portfolios that include new technology and business capabilities of SMEs. By
contrast, Garzoni et al. [53] presented the results of their analysis on the impact of new
technologies on business process changes in SMEs. The authors presented four main factors
underlying the digital maturity of SMEs (digital awareness, digital requirement, digital
collaboration, and digital transformation).

The presented works indicate a very different approach to assessing the digital matu-
rity of SMEs and studying the possibility of implementing Industry 4.0 solutions in this
group of enterprises. However, they lack comprehensive research results for a larger group
of countries, which is undoubtedly the EU-27.

3.2. Models Used to Assess the Digital Maturity and Readiness of Enterprises

Models used to assess the level of digital readiness and maturity generally consist of a
set of dimensions and criteria. In these models, based on the analysis of certain indicators,
the level of the studied organization, process, country, etc., can be evaluated. In recent
years, more than a dozen such models have been developed to assess the digital maturity
of enterprises. The range of factors taken into account in these models varies greatly and
depends on their authors or on the area that was evaluated. Table 1 summarizes the most
relevant models.

Table 1. Summary of models to determine the digital maturity of enterprises.

Maturity/Readiness Models Source

A maturity model for Industry 4.0 Readiness [57]

The Degree of readiness for the implementation of Industry 4.0 [58]

The multi-attribute mode [59]

An Overview of a Smart Manufacturing System Readiness Assessment [60]

The Connected Enterprise Maturity Model [61]

IMPULS—Industry 4.0 readiness [62]

Digital readiness for Industry 4.0 [63]

SIMMI 4.0 [64]

Towards a Smart Manufacturing Maturity Model for SMEs [41]

The Logistics 4.0 Maturity Model [65]

A Smartness Assessment Framework for Smart Factories Using Analytic Network Process [66]

Croatian Model of Innovative Smart Enterprise (HR-ISE model) [67]

Maturity and Readiness Model for Industry 4.0 [68]

AMM (Adoption Maturity Model) [69]

Three Stage Maturity Model in SME’s [70]

The models presented in Table 1 are characterized by a wide variety of approaches
to analyze the digital maturity/readiness of enterprises. The complexity of this problem
means that many factors are taken into account in this assessment and different sets of
levels are used to classify the degree of this maturity. However, the analysis of these models
makes it possible to select a group of factors that can be assumed to be the most relevant
and for which there are reliable and available data. However, there is an apparent lack of
solutions that cover the assessment of digital maturity of a group of companies (such as
SMEs) in a multi-country region (such as the EU-27). The lack of such a solution justifies
addressing this problem in this paper.

3.3. Open Innovation Dynamics in the Context of Industry 4.0 and SME’s

The implementation and use of modern and digital technologies in SMEs is a great
challenge for these companies. It is mainly connected with their limited resources and
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access to new innovative solutions. A great chance to solve this problem has been created
by the concept of open innovation (OI) dynamics. The openness of this concept in terms of
exchanging ideas and solutions between different units creates a possibility for SMEs to
obtain needed solutions and to make their own solutions available. This approach provides
opportunities for companies with limited resources to cooperate with external institutions
in order to acquire and implement technological innovations, including digital ones [41–74].
It is obvious that the development of innovative solutions in the field of digitalization
requires significant investment, appropriate staff, and time, which may prove to be difficult
to overcome for SMEs [75,76]. In addition, the process of implementation of these solutions
can be quite a challenge for the enterprises in question [11].

This has been confirmed by several studies [77–79], which show that SMEs, having
fewer resources, encounter a number of difficulties in the process of digital transformation.
Therefore, for this group of companies, the IO concept is particularly relevant as it enables
them to use the knowledge of technology providers and other entities, including scientific
units, to modernize their production and service processes [79,80]. This also applies to
SMEs operating in industries with a low degree of innovation. They should especially
quickly change their business model to a more open and thus modern one [81].

In conclusion, for SMEs implementing Industry 4.0 solutions, the concept of open
innovation dynamics is a great opportunity to transform their business.

4. Materials and Methods
4.1. Data

In order to assess the level of digital maturity in SMEs among the EU-27 countries,
as well as to identify similar countries in terms of implemented technologies related to
the digitalization of enterprises, the latest data from the Eurostat were used [82]. The data
indexed in this database refer to ICT usage and e-commerce across Europe, including the
EU-27 countries. The data are related to the size of enterprises and are classified by type of
activity in accordance with NACE Rev. 2.

Based on the literature review and the availability and completeness of data indexed
in the Eurostat database, a set of 11 indicators characterizing digital maturity was identified
and used in the research. These indicators define the percentage of SMEs that use given
solutions and digital technologies related to Industry 4.0 and digital skills (big data analysis,
artificial intelligence, Internet of Things, cloud computing, 3D printing, cybersecurity,
robotics, horizontal and vertical integration) in a given country. The indicators adopted for
the evaluation, along with their designation and description, are presented in Table 2.

4.2. Methods

The conducted research was divided into two stages: preliminary and fundamental.
For the preliminary research, the methods of descriptive statistics were used, and for the
fundamental research—the principal component analysis (PCA) method and the entropy-
EDAS method from the group of multiple-criteria decision-making (MCDM) methods.

The preliminary research involved the determination of basic descriptive statistics
of the indicators adopted for the study, and their purpose was to obtain information on
their statistical properties. The aim of applying the PCA method was to determine the
structure and general regularities adopted for the analysis of indicators in each of the
studied countries. In turn, the application of the entropy-EDAS method was aimed at
creating a ranking of the EU-27 countries in terms of their SME digital maturity. Then,
based on the values of the digital maturity index, the level of digital maturity of SMEs in
individual EU-27 countries was evaluated.

In the last stage, the study of the relationship between the digital maturity index of
SMEs, determined for individual EU-27 countries, and the basic economic parameters of
these countries was conducted. This subsection discusses the research methods used in
the study.



J. Open Innov. Technol. Mark. Complex. 2022, 8, 67 10 of 31

Table 2. The list of indicators characterizing the level of SME digitalization in the EU-27 countries.

Area Indicator Marking

Integration of internal processes Enterprises that have ERP software package to share
information between different functional areas X1

Integration with customers/suppliers Enterprises sending eInvoices, suitable for
automated processing X2

Cloud computing Purchase of cloud computing services used over the internet X3

Big data analysis Analysis of big data from smart devices or sensors X4

3D printing Use of 3D printing X5

Robotics Use of robots (industrial/service) X6

Internet of Things Use of interconnected devices or systems that can be
monitored or remotely controlled via the internet X7

Artificial intelligence (AI) Enterprises using the AI technologies X8

Cybersecurity ICT security measure used: Virtual Private Network (VPN) X9

Digital skills (ICT training) Enterprises that provide training to develop/upgrade ICT
skills of their personnel X10

Website Enterprises with a website X11

4.2.1. The PCA Method

The idea of the PCA method is to reduce a large number of mutually correlated
primary variables (11 indicators) to a few uncorrelated factors (principal components)
that retain as much of the information about the phenomenon under study (contained
in the primary variables) as possible. The observable input variables are transformed
into new unobservable variables, which are called principal components (they are linear
combinations of the primary variables). The principal components are ordered so that their
variances become smaller and smaller. Since the new variables are uncorrelated, the sum
of their variances is equal to the sum of the variances of the original variables, and as a
result, the transformation of the variables does not lead to a loss of information about the
phenomenon under study. Most frequently, the first 2–3 principal components contain the
vast majority of information contained in the original collection of input variables.

In the PCA method, data X, with m objects and n variables, is represented as the
product of two new matrices T (m × f ) and P (n × f ), where f � n, which contain the
coordinates of objects and parameters on the directions maximizing the variance description
of the data. The number of columns of the matrix with a dimension T × P depends on the
order of the matrix X, which is at most equal to its mathematical order. The PCA model can
be described by the following general equation [83]:

X[m,n] = T[m, f ]P
T
[ f ,n] + E[m,n] (1)

where E is the matrix of residuals from the PCA model with f number of main factors.
The columns of the matrix T and P contain the coordinates of the objects and pa-

rameters on the new latent variables, called main factors. The main factors are iteratively
constructed to maximize the description of the variance in the data. Each successive main
factor describes the variance of the data unexplained by the previous factors, making its
contribution to the description of the total variance of the data smaller. The T columns are
orthogonal, and the P columns are orthonormal. This means that they have unit length and
are orthogonal.

For each main factor, there is a so-called eigenvalue (vi). It is determined as the sum
of the squares of the score values for the i-th main factor. The eigenvalues quantify the
variance of the data described by subsequent factors. The percentage of the total variance
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of the data, I, is described by f of consecutive main factors and can be determined from
Equation (2):

I =
∑

f
i=1 vi

∑m
i=1 ∑n

j=1 x2
ij
× 100% (2)

where xij means the individual elements of the centered matrix X.

4.2.2. The EDAS Method

The evaluation based on distance from average solution (EDAS) method was devel-
oped by Keshavarz Ghorabaee, Zavadskas, Olfat, and Turskis [84]. The algorithm for
solving a decision problem with m number of alternatives and n number of criteria in the
EDAS method consists of the following steps:

1. To construct a decision matrix with m number of alternatives and n number of criteria:

X =
[
xij
]

n×m =

 x11 · · · x1m
...

. . .
...

xn1 · · · xnm

 (3)

2. To determine an average solution for all criteria:

AV =
[
AVj

]
1×m (4)

AVj =
∑n

i=1 xij

n
(5)

3. To calculate, for each alternative, the PDA matrix (positive distance from the mean
solution) and the NDA matrix (negative distance):

PDA =
[
PDAij

]
n×m (6)

NDA =
[
NDAij

]
n×m (7)

where for stimulants:

PDAij =
max

(
0,
(
xij − AVj

))
AVj

(8)

NDAij =
max

(
0,
(

AVj − xij
))

AVj
(9)

and for destimulants:

PDAij =
max

(
0,
(

AVj − xij
))

AVj
(10)

NDAij =
max

(
0,
(

xij − AVj
))

AVj
(11)

4. To determine the weighted sums of PDA and NDA for each alternative (from
Equations (12) and (13)):

SPi =
m

∑
j=1

wjPDAij (12)

SNi =
m

∑
j=1

wjNDAij (13)

where wj is the weight of the j-th criterion determined according to Equation (14):

wi =
1 − Ej

∑n
j=1
(
1 − Ej

) (14)
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where

Ej = −k
m

∑
t=1

xijln
(
nij
)

(15)

k = − 1
ln(n)

(16)

where nij is the proportion of samples in time t in the i indicator.
5. To normalize the SP and SN values, according to Equations (17) and (18):

NSPi =
SPi

maxi(SPi)
(17)

NSNi = 1 − SNi
maxi(SNi)

(18)

6. To determine the appraisal score (ASi) index for each alternative:

ASi =
1
2
(NSPi + NSNi), 0 ≤ ASi ≥ 1 (19)

7. To rank the ASi values in descending order.

Based on the determined appraisal score (ASi) index values (Equation (19)), the EU-27
countries were evaluated in terms of the level of digital maturity of SMEs from these
countries according to the following criterion:

(1) Expert level:
ASi ≥ ASi + sASi (20)

(2) Advanced level:
ASi + sASi > ASi ≥ ASi (21)

(3) Intermediate level:
ASi > ASi ≥ ASi − sAS (22)

(4) Beginner level:
ASi < ASi − sASi (23)

where ASi is the mean value of the ASi, and sASi is the standard deviation of ASi.

4.2.3. Nonparametric Tests

The first nonparametric test was conducted using the Spearman’s rank coefficient.
Testing for correlation using this coefficient boils down to ordering the studied variables
X and Y into an ascending sequence and then assigning a rank to each object. If there
are n objects described by two characteristics under study, the objects must be ordered by
the values of each characteristic separately. The objects in each ordering are assigned a
rank (number), which determines their location. This negates the negative effect of outliers
and non-normality of the distribution of the variables under study. The Spearman’s rank
coefficient is determined from Equation (24):

rs = 1 −
6 ∑n

i=1 d2
i

n(n2 − 1)
(24)

where di is the difference between the ranks of the corresponding values of the feature Xi
and Yi, and n is the number of studied objects.

The second nonparametric test was conducted using the Kendall’s tau correlation
coefficient. The Kendall’s tau coefficient indicates the strength and direction of the relation-
ship [85] and is determined from

τ = P[(x1 − x2)(y1 − y2)] > 0 − P[(x1 − x2)(y1 − y2)] < 0 (25)
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5. Results

Based on the data obtained from the Eurostat database and the developed research
methodology based on the methods discussed in Section 4.2, the research was conducted,
the results of which are presented in this chapter. According to the adopted methodology,
these results were divided into preliminary and fundamental results. For better clarity, the
different stages of the main research have also been marked.

5.1. The Preliminary Analysis

The indicators used for the study, characterizing 11 technologies and solutions related to
the digitalization process and characterizing the digital maturity of SMEs in the EU countries,
were preprocessed and their basic statistical parameters were determined (Table 3).

Table 3. Basic static parameters of studied variables.

Indicator Average Median Min Max Variance Standard
Deviation

Coefficient
of Variation Skewness Kurtosis

X1 35.41 35.00 16.00 56.00 110.10 10.49 29.63 −0.05 −0.66

X2 29.41 21.00 9.00 95.00 527.40 22.97 78.09 1.60 1.87

X3 42.00 39.00 12.00 75.00 300.54 17.34 41.28 0.29 −0.71

X4 11.56 8.00 2.00 29.00 56.64 7.53 65.13 0.84 −0.47

X5 4.37 4.00 1.00 9.00 4.09 2.02 46.27 0.47 −0.38

X6 5.78 6.00 2.00 12.00 5.64 2.38 41.11 0.60 0.28

X7 27.26 27.00 10.00 50.00 92.35 9.61 35.25 0.77 0.55

X8 7.52 7.00 1.00 23.00 26.87 5.18 68.95 1.20 1.72

X9 39.04 38.00 14.00 61.00 158.58 12.59 32.26 −0.05 −0.85

X10 9.33 9.00 3.00 16.00 12.00 3.46 37.12 0.41 −0.35

X11 76.26 77.00 50.00 96.00 154.35 12.42 16.29 −0.41 −0.42

Based on the results, the presented set of indicators are characterized, first of all, by a
large spread of the coefficient of variation (above 10%). Thus, the condition for diagnostic
features, which should be marked by significant variation within the studied community,
was fulfilled.

The coefficient of variation was found to have the highest value for the indicators
enterprises sending eInvoices (X2) and enterprises using the AI technologies (X8), and the
lowest value for the indicator enterprises with a website (X11). It is worth noting that the
higher the value of the coefficient of variation for a given indicator, the greater its variation.
Low values of this indicator, on the other hand, show homogeneity of the population in
terms of the use of a given technology in SMEs in EU countries.

When analyzing the average values of these indicators, it was possible to assess which
of them is most frequently used by SMEs in the surveyed EU-27 countries. Thus, on this
basis, it can be concluded that SMEs, to the greatest extent, use their own websites (X11),
cloud services on the Internet (X3), and VPNs in the area of cyber security (X9), while to
the least extent, they use 3D printing technology (X5) and industrial or service robots (X6).

The skewness coefficient made it possible to determine the asymmetry of the distribu-
tion of studied variables. The values of this coefficient for variables X1 (enterprises that
have ERP software), X9 (ICT security measure used: VPN), and X11 (enterprises with a
website) were found to be negative, which indicates a left-sided asymmetry of the distri-
bution. This, in turn, showed that in most EU-27 countries, the values of these indicators
were reported to be higher than the average determined for the whole EU-27.
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5.2. The Fundamental Research

In the first stage of the PCA analysis (fundamental research), it was checked whether
and how the indicators that characterize digital maturity taken for the research correlate
with one another (Table 4) and whether the correlation matrix is unitary.

Table 4. Correlation matrix (for significance level p < 0.005).

Indicator X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11

X1 1.00 0.10 0.29 0.40 0.53 0.63 0.28 0.61 0.56 0.56 0.51

X2 1.00 0.63 0.10 0.35 0.47 0.30 0.35 0.25 0.26 0.40

X3 1.00 0.54 0.65 0.33 0.43 0.51 0.76 0.74 0.79

X4 1.00 0.57 0.35 −0.06 0.60 0.76 0.76 0.55

X5 1.00 0.66 0.29 0.66 0.79 0.75 0.63

X6 1.00 0.06 0.74 0.52 0.47 0.36

X7 1.00 0.20 0.30 0.26 0.58

X8 1.00 0.73 0.71 0.56

X9 1.00 0.86 0.83

X10 1.00 0.75

X11 1.00

The analysis of correlation coefficients between the indicators adopted for the study
showed no unitary correlation matrix for the analyzed indicators, which justifies the use
of the PCA method. On the other hand, a statistically significant correlation was reported
between most of the adopted indicators.

In the next stage of the PCA analysis, the eigenvalues of the correlation matrix were
determined (Table 5).

Table 5. Eigenvalues of correlation matrix.

Indicator Eigenvalue % of Total Variance Cumulative Eigenvalue Cumulative %

X1 6.27 57.04 6.27 57.04

X2 1.43 12.97 7.70 70.01

X3 1.13 10.25 8.83 80.26

X4 0.92 8.36 9.75 88.62

X5 0.37 3.33 10.11 91.95

X6 0.30 2.70 10.41 94.65

X7 0.18 1.66 10.59 96.31

X8 0.17 1.59 10.77 97.90

X9 0.10 0.95 10.87 98.86

X10 0.08 0.74 10.96 99.60

X11 0.04 0.40 11.00 100.00

The determined values reflect the significance of the principal components in explain-
ing the information resources of the input indicators used for the study, i.e., their percentage
contribution to the variability of the entire dataset.

In order to determine the optimal number of principal components, the Kaiser criterion
was used, according to which, if a factor does not extract at least as much as one original
variable, it should be discarded [86]. Another criterion, also frequently used, specifies
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principal components in an amount that explains at least 75% of the variation of the original
variables. In the analyzed case, based on the Kaiser’s criterion, the optimal number of
principal components was adopted, that is, the number that explains as much variation as
at least one original diagnostic variable. Thus, for the indicators under study, there are three
principal components that explain 80.26% of the variability of the original data. Figure 4
shows a scatter plot of the exploratory factor analysis, and Table 6 shows the principal
component coefficient values.
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Table 6. The value of the coefficients for the principal components.

Indicator Component 1 Component 2 Component 3

X1 0.668 −0.265 0.231

X2 0.471 0.513 0.495

X3 0.814 0.386 −0.174

X4 0.719 −0.397 −0.389

X5 0.855 −0.075 0.070

X6 0.642 −0.276 0.677

X7 0.398 0.724 −0.025

X8 0.827 −0.249 0.235

X9 0.928 −0.091 −0.241

X10 0.899 −0.117 −0.250

X11 0.851 0.310 −0.232

The analysis conducted showed that the first three principal components were suffi-
cient to explain 80.26% of the cumulative variance. The first principal component carried
over 57% of the information contained in the positively correlated indicators (X1; X3; X4;
X5; X8; X9; X10; X11). The second component explained 12.97% of the variation in the data
included in the indicators: enterprises sending eInvoices (X2) and use of interconnected
devices or systems that can be monitored or remotely controlled via the internet (Internet
of Things) (X7), and the third explained 10.25% through the variable use of robots (X6).
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Figure 5a graphically presents the factor loadings, i.e., the correlations between the
primary variables and the principal components for the variables used in the study, and
Figure 5b presents the scatter plot of the EU-27 countries in the space defined by the first
three principal components. The correlation coefficients take values in the range [−1, 1]
and are distributed within the so-called unit circle. The further from the center of the
circle a given point is, the higher the correlation of a given variable with a given principal
component of the ordination axis. The angles between the vectors depicting the analyzed
indicators show their correlation.
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By using only scatter plots, it is not possible to assess the relationship between indi-
vidual indicators and EU-27 countries, but such information can be obtained by analyzing
the graphical representation of this analysis in the form of a biplot (Figure 6). By using a
biplot with calibrated axes [87] (Figure 6), it is possible to assess the relationships between
indicators characterizing the digital readiness of SMEs in individual EU-27 countries. In this
form of biplot, these variables are represented by 11 nonorthogonal biplot axes, intersecting
at a single coordinate point—the center (0, 0). The closer a given country is to the center
of the biplot, the closer the values of variables for that country are to the average value
(determined for all EU-27 countries). The further away it is from the center of the biplot,
the further away the values are from the EU-27 average for a given technology (i.e., the
more they differ).
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The countries are represented by points (Figure 6), and the 11 indicators are repre-
sented by 11 nonorthogonal biplot axes, intersecting at the center and running through the
whole area of the graph. Perpendicular projections of points representing the EU countries
on the biplot axes give information about the order of objects in relation to each variable and
about approximate values of this variable for a given country. In Figure 6a–c, the marked
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(small) shaded square (dark blue color), located near the intersection of the biplot axes,
indicates the Tukey median. On the other hand, the lighter yellow color indicates the area
called the sac, and the darker color indicates the sac surround. When analyzing the results
presented in Figure 5, it is possible to notice several objects (countries) significantly outlying
from the others. These primarily include Finland, Denmark, Romania, and Bulgaria, as
well as Malta, the Netherlands, and Ireland.

The first principal component divides the EU-27 countries into those with the highest
use of digital technologies in the SMEs group, such as ERP software package (X1), purchase
of cloud computing services used over the internet (X3), analysis of big data from smart
devices or sensors (X4), use of 3D printing (X5), enterprises using at least one of the AI
technologies (X8), and security measure used: VPN (X9). Additionally, these are the
countries where SMEs are most concerned with ICT skills development. This group
includes Denmark, Finland, Malta, the Netherlands, Belgium, Germany, Portugal, Sweden,
France, and Luxembourg.

The second principal component characterizes those countries that make the most use
of enterprises sending eInvoices (X2) and use of interconnected devices or systems that can
be monitored or remotely controlled via the internet. These countries include Denmark,
Finland, Malta, the Netherlands, Belgium, Germany, the Czech Republic, Austria Sweden,
France, and Ireland, among others. On the other hand, the third principal component
characterizes the countries with the highest use of robots in SMEs, which include Denmark,
Finland, Italy, Spain, and Portugal.

In the next stage, using the EDAS method, a ranking of the studied countries in terms
of the digital maturity of their SMEs was made. All diagnostic variables adopted for the
study were stimulants. In the determined ranking, the indicators characterizing digital
readiness were assigned weights determined by the entropy method. The determined
values of the weights for the indicators used in the study are presented in Figure 7, while
the results of the calculation of basic parameters, with the EDAS-entropy method, the value
of the appraisal score index, and the position in the ranking, are shown in Table 7.
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Table 7. The results of calculating the basic parameters by the entropy-EDAS method and the value
of appraisal score along with a given country’s ranking in terms of SEM digital maturity.

Countries SPi SNi NSPi NSNi ASi Rank Old (EU-14)/New (EU-13) Union

Belgium 0.36 0.01 0.48 0.98 0.73 3 UE-14

Bulgaria 0.00 0.47 0.00 0.23 0.11 26 UE-13

Czech
Republic 0.06 0.12 0.07 0.81 0.44 17 UE-13

Denmark 0.74 0.03 1.00 0.95 0.97 1 UE-14

Germany 0.21 0.05 0.28 0.93 0.60 7 UE-14

Estonia 0.12 0.26 0.16 0.57 0.37 18 UE-13

Ireland 0.16 0.18 0.22 0.71 0.46 16 UE-14

Greece 0.00 0.35 0.00 0.42 0.21 24 UE-14

Spain 0.09 0.09 0.12 0.85 0.48 13 UE-14

France 0.11 0.13 0.14 0.79 0.47 15 UE-14

Croatia 0.07 0.08 0.10 0.87 0.48 14 UE-13

Italy 0.27 0.11 0.36 0.82 0.59 8 UE-14

Cyprus 0.09 0.24 0.12 0.61 0.37 19 UE-13

Latvia 0.01 0.32 0.01 0.47 0.24 23 UE-13

Lithuania 0.02 0.22 0.03 0.64 0.33 20 UE-13

Luxembourg 0.14 0.13 0.18 0.79 0.49 12 UE-14

Hungary 0.00 0.38 0.00 0.38 0.19 25 UE-13

Malta 0.37 0.02 0.49 0.97 0.73 4 UE-13

Netherlands 0.36 0.04 0.48 0.93 0.71 5 UE-14

Austria 0.13 0.09 0.18 0.85 0.52 11 UE-14

Poland 0.00 0.31 0.00 0.48 0.24 22 UE-13

Portugal 0.20 0.11 0.27 0.82 0.55 10 UE-14

Romania 0.00 0.61 0.00 0.00 0.00 27 UE-13

Slovenia 0.23 0.07 0.30 0.88 0.59 9 UE-13

Slovakia 0.00 0.21 0.00 0.65 0.33 21 UE-13

Finland 0.63 0.00 0.84 1.00 0.92 2 UE-14

Sweden 0.28 0.02 0.37 0.97 0.67 6 UE-14

The highest weight value was assigned to indicator X7 (use of interconnected devices
or systems that can be monitored or remotely controlled via the internet) and the lowest to
indicator X2 (enterprises sending eInvoices).

When analyzing the ranking, it can be noted that the top 10 of the ranking include as
many as eight countries (Denmark, Finland, Belgium, the Netherlands, Germany, Italy, and
Portugal) from the group of the so-called old EU (EU-14) and only two countries (Malta
and Slovakia) from the group of the so-called new EU (EU-13) (Table 8). The most digitally
developed SMEs were found to be located in Denmark and Finland (Scandinavian countries),
and the least were found in Bulgaria and Romania (former Eastern Bloc countries—new EU).
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Table 8. The Kendall’s and Spearman’s tau correlation coefficients.

Tested Parameters TAU KEN p Spearman Rank p

GDP, million EUR 0.193 0.159 0.319 0.105

GDP per capita, EUR per capita 0.601 0.001 0.760 0.001

Business enterprise expenditure on R&D (SMEs), million EUR 0.319 0.020 0.477 0.012

Business enterprise expenditure on R&D (SMEs), EUR per inhabitant 0.624 0.001 0.791 0.001

Gross domestic expenditure on R&D, million EUR 0.313 0.022 0.458 0.016

Gross domestic expenditure on R&D, EUR per inhabitant 0.595 0.001 0.743 0.001

Gross domestic expenditure on R&D, % of GDP 0.457 0.001 0.603 0.001

In the next stage, the ASi index determined by the EDAS method was used to deter-
mine the level of digital maturity of SMEs in the EU-27 (according to equations 20–23). The
results of this assessment are graphically presented in Figure 8.

J. Open Innov. Technol. Mark. Complex. 2022, 8, x FOR PEER REVIEW 20 of 32 
 

Portugal 0.20 0.11 0.27 0.82 0.55 10 UE-14 
Romania 0.00 0.61 0.00 0.00 0.00 27 UE-13 
Slovenia 0.23 0.07 0.30 0.88 0.59 9 UE-13 
Slovakia 0.00 0.21 0.00 0.65 0.33 21 UE-13 
Finland 0.63 0.00 0.84 1.00 0.92 2 UE-14 
Sweden 0.28 0.02 0.37 0.97 0.67 6 UE-14 

When analyzing the ranking, it can be noted that the top 10 of the ranking include as 
many as eight countries (Denmark, Finland, Belgium, the Netherlands, Germany, Italy, 
and Portugal) from the group of the so-called old EU (EU-14) and only two countries 
(Malta and Slovakia) from the group of the so-called new EU (EU-13) (Table 8). The most 
digitally developed SMEs were found to be located in Denmark and Finland (Scandina-
vian countries), and the least were found in Bulgaria and Romania (former Eastern Bloc 
countries—new EU). 

In the next stage, the ASi index determined by the EDAS method was used to deter-
mine the level of digital maturity of SMEs in the EU-27 (according to equations 20–23). 
The results of this assessment are graphically presented in Figure 8. 

The expert level, in terms of SME digital maturity, was achieved by Denmark, Fin-
land, Malta, the Netherlands, and Belgium, and the advanced level by Sweden, Portugal, 
Germany, Slovenia, Austria, Luxembourg, Italy, Croatia, France, Spain, and Ireland. 
Countries with an intermediate level according to the classification carried out included 
the Czech Republic, Estonia, Cyprus, Latvia, Lithuania, Poland, and Slovakia, while coun-
tries with the lowest, beginner level of SME digital maturity included Bulgaria, Hungary, 
Romania, and Greece. Among the countries with the two highest levels of digital maturity 
were 13 countries (out of 14) from the old EU, and only three countries from the so-called 
new EU-13. Only one country from the so-called old EU-14 was found to be at the beginner 
level of digital maturity of SMEs—Greece, which for many years has been ranked one of 
the last among all EU countries in the Digital Economy and Society Index (DESI) [88] 
ranking. 

 
Figure 8. The level of the EU countries in terms of digital maturity of SMEs (own elaboration). Figure 8. The level of the EU countries in terms of digital maturity of SMEs (own elaboration).

The expert level, in terms of SME digital maturity, was achieved by Denmark, Finland,
Malta, the Netherlands, and Belgium, and the advanced level by Sweden, Portugal, Ger-
many, Slovenia, Austria, Luxembourg, Italy, Croatia, France, Spain, and Ireland. Countries
with an intermediate level according to the classification carried out included the Czech
Republic, Estonia, Cyprus, Latvia, Lithuania, Poland, and Slovakia, while countries with
the lowest, beginner level of SME digital maturity included Bulgaria, Hungary, Romania,
and Greece. Among the countries with the two highest levels of digital maturity were
13 countries (out of 14) from the old EU, and only three countries from the so-called new
EU-13. Only one country from the so-called old EU-14 was found to be at the beginner level
of digital maturity of SMEs—Greece, which for many years has been ranked one of the last
among all EU countries in the Digital Economy and Society Index (DESI) [88] ranking.

The levels of digital maturity of the EU-27 countries unambiguously show how big the
disproportion in the implementation of digital technologies (identified with the concept of
Industry 4.0) in SMEs is with regard to the countries conventionally included in the EU-14
and EU-13 groups.
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In the next stage of the research, the authors checked if and to what extent the economic
parameters of the EU-27 countries affected the values of indicators characterizing digital
maturity of SMEs in these countries.

Nonparametric tests such as the Kendall’s and Spearman’s tau correlation coefficients
were conducted to determine these relationships. The economic parameters adopted for
the analysis, characterizing the economy of individual EU-27 countries, were value of GDP,
value of GDP per capita, value of business enterprise expenditure on R&D for SMEs, value
of business enterprise expenditure on R&D for SMEs per inhabitant, value gross domestic
expenditure on R&D, value gross domestic expenditure on R&D per inhabitant, and gross
domestic expenditure on R&D as % of GDP.

The values of correlation coefficients were determined for statistical significance level
p = 0.05. All statistically significant relationships are marked in Table 8 in bold.

The results showed no statistically significant relationship only between the ASi digital
maturity index and GDP value. For the other economic parameters included in the study,
such a relationship was confirmed, with the most significant, positive relationship between
the values of the ASi index and business enterprise expenditure on R&D (for SMEs) expressed
in EUR per inhabitant and the value of GDP per capita (expressed in EUR).

In turn, the smallest but statistically significant relationship was reported between
ASi index and business enterprise expenditure on R&D and gross domestic expenditure
on R&D. The values of Kendall’s tau correlation coefficients showed similar values to the
Spearman rank correlation coefficients, but the strength of the relationship between the
studied parameters was higher for the Spearman rank correlation coefficients.

Thus, it can be concluded that only the GDP value did not significantly affect the
digital maturity index of SMEs in the studied countries and, consequently, the level of this
maturity (Table 8 and Figure 9). This result shows no statistically significant evidence for
a thesis that a high level of economic development is a guarantor of a high level of SME
digital maturity. Consequently, despite the great expectations, the digitalization of this
group of companies to ensure the economic growth of individual countries has not yet
been fully exploited. On the other hand, it is optimistic that other economic parameters are
significant for the occurrence of such a relationship (Table 8, Figures 10 and 11). Most often,
countries characterized by relatively high GDP per capita expenditures simultaneously
show a high level of digital maturity, which is evident when looking at the results of this
analysis presented in Figure 9.
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6. Discussion
6.1. Digitalization of SMEs

One of the priorities of the EU is to digitalize as quickly as possible and in all areas
of business and citizens’ lives. SMEs, whose economic and social roles in the EU are
very significant, are particularly important for achieving this goal. A serious approach to
this process is indicated by a significant number of documents adopted by the European
Commission. Their aim is to create conditions for achieving sustainable digital development
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of all EU-27 countries, which is not an easy task. The problem is, first of all, the large
economic and social differentiation of individual countries and groups of companies. Of
key importance in the process of digitalization are SMEs, which stimulate development not
only at the national level, but mainly at the regional level [89]. Their role and importance are
equally important for the economies of both developed and developing countries, which
causes great concern and involvement of EU institutions in their digitalization process.

Therefore, the conducted research covered an important area of the EU economic
activity due to both its innovativeness (digitalization—Industry 4.0) and the group of
enterprises (SMEs) which they concern.

The results confirm the division of the EU countries into two groups of development
pace, i.e., developed and developing countries. In the case of digital solutions implemented
in SMEs, and, as a result, the level of digital maturity, the best, apart from Malta and
Slovenia, are the old EU-14 countries, and much worse—the remaining EU-13 countries
(which are shown in the biplot presented in Figure 5). Among the EU-14 countries, the
worst performer in this regard was Greece which, as noted by Laitsou et al. [90], in relation
to most EU-27 countries, is developing more slowly, especially in implementing new
technologies, i.e., digitalization. The results obtained confirm this state of affairs, which
places Greece among the countries that face serious challenges in improving the state of
digitalization of SMEs.

The research on the assessment of the level of SME digital maturity among the EU-27
countries showed that five countries, namely, Denmark, Finland, Belgium, Malta, and the
Netherlands, are characterized by a high level of digital maturity (Figure 8). These are
countries that, as shown by the PCA analysis, are also very similar in terms of the number
of companies that use such technologies in their SMEs as integration of internal processes in
the form of ERP software package, integration with customers/suppliers, cloud computing,
3D printing, IoT, and cybersecurity (in the form of VPN security). In addition, SMEs in these
countries are most concerned with the development of employees’ digital skills through
training and have websites to showcase their products and services online.

The clear leader in the digital maturity of SMEs in the EU-27 countries was found
to be Denmark. This success is the result of a huge commitment of service, commercial,
and industrial companies to implement modern technologies and to continuously develop.
The percentage of SMEs declaring the use of digital technologies in the country is one of
the highest in the EU-27. This applies to advanced technologies such as AI, as well as
integration of internal processes. As much as 23% of Danish SMEs use AI technologies in
their business. This is 8% higher than the use of AI in SMEs in Finland, which ranked the
second among the EU-27 countries. In Finland, SMEs are the most likely, among the EU-27,
to use digital technologies for electronic invoicing (83% of SMEs), cloud computing services
(75% of SMEs), and monitoring and/or remote control of various devices and systems via
the Internet (40% of SMEs).

High digital maturity scores were also found in Belgium and the Netherlands (Table 7).
This is due to the extensive use of big data technologies in SMEs (21% and 25%, respec-
tively) [29], and the use of cloud technologies (52% and 64% of SMEs, respectively), among
other reasons. The degree of use of industrial or service robots in SMEs in these countries
is also higher than the EU average (5.8%), as in Belgium, robots are used by 9% of SMEs
and in the Netherlands by 6%.

Among the countries of the so-called “new EU”, only Malta does not differ in the
level of digital maturity from the group of EU-14 countries (Table 8). In Malta, SMEs are
highly integrating technological solutions in the form of cloud services (38% of SMEs), use
of big data (29% of SMEs), or monitoring and/or remote control of devices and systems
over the Internet (27% of SMEs). Then, there are also countries that lag behind in terms of
the implementation of digital solutions in SMEs. These are Romania, Bulgaria, Hungary,
and the previously mentioned Greece. The level of these countries in terms of the studied
digital maturity of SMEs is rated as the beginner level (Table 7). This means that they face
great challenges in improving the level of digital maturity (application of solutions related
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to the Industry 4.0 concept) in SMEs. This process requires taking concrete and decisive
actions in this area, and first of all, developing an appropriate development strategy and
allocating specific resources for its implementation. As shown by Trasca et al. [91], Romania
and Bulgaria are among the countries that perform the worst in terms of SME digitalization.
In Romania, these companies use digital technologies much less frequently, compared to
the EU average.

Even the use of relatively simple technological solutions, such as integration of internal
processes in the form of ERP software package to share information between different
functional areas, and integration with customers/suppliers, is not widespread in Romanian
SMEs. ERP systems are used by only 16% of SMEs and sending eInvoices is used by only
17% of SMEs, while the EU-27 average is 35% and 29%, respectively, for these solutions.
Bulgaria, on the other hand, is aware of its situation, as it has adopted as a target, to
be achieved for 2030, the increase of the basic indicators of technological maturity and
innovation to the EU average level [28]. However, as of today, all indicators included in the
research are well below the EU-27 average. This applies to the implementation in SMEs of
both simple technological solutions (e.g., integration of internal processes in the form of
ERP software package to share information between different functional areas) and more
advanced ones (e.g., use of AI technologies).

In addition, the level of digitalization of SMEs in Hungary is well below the EU
average, practically in all analyzed areas (Table 3). According to [92], the reasons for this
situation are the lack of sufficient (financial) government support and no investments in
innovation and training by SMEs.

When analyzing the results, it can be concluded that the juxtaposition of the most and
least developed countries, in terms of the level of digital maturity of SMEs in the EU-27, to
a large extent coincides with the results of DESI [88]. The differences are due to the scope
of the study, which in this paper covered only SMEs, while the DESI index deals with the
digitalization of both the economy and society. Nevertheless, this noticeable similarity of
results indicates that despite the specificity of this group of companies (SMEs), their degree
of digitalization is part of the general trend of this process in the country.

It is also necessary to address the issue of the relationship between the value of the
digital maturity index (ASi) and the economic parameters of the economies of the countries
studied. The purpose of this stage of the research was to determine the relationship
between the economic development of a given country and the state of SME digitalization.
The results showed no statistically significant evidence that a high level of economic
development characterized by GDP value ensures a high level of digitalization of SMEs
in a country (Table 8 and Figure 8). The results of this part of the study can be considered
complementary to previous studies in this area [93], which also showed the absence of such
a relationship. On the other hand, the extension of the analysis carried out in this paper
indicates that there is a statistically significant relationship between parameters such as
GDP per capita, business enterprise expenditure on R&D (for SMEs), business enterprise
expenditure on R&D, gross domestic expenditure on R&D, and the digital maturity index
(ASi) (Table 8, Figures 10 and 11). As shown by one study [94,95], which is also evident
from this paper, properly targeted R&D investments in SMEs are necessary to increase their
digitalization rate.

The presented discussion includes reference to only some part of the obtained results.
The broadness and diversity of the results provide opportunities for further in-depth analy-
sis and a broad discussion on the problem of SME digitalization in the EU-27. Undoubtedly,
this problem is current and important for the EU economy as well as for individual coun-
tries and other regions that want to build innovative knowledge-based economies. Without
the involvement of SMEs in this process, achieving success may be very difficult.

6.2. Digitalization of SMEs and Open Innovation

The digitalization process poses various challenges for SMEs, including those related
to the economic situation, staff skills, finances, and ability to invest in new technologies.
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As indicated by numerous studies and reports, decision-makers in enterprises, especially
in manufacturing companies, are fully aware that in order to successfully continue their
activities and remain competitive, they need to implement innovative solutions. There-
fore, digitalization, based on innovative solutions, becomes a great opportunity for their
development. Of great importance in this process, especially for SMEs, is the practical
implementation of the OI concept, which gives wide possibilities of using solutions of other
entities and sharing their ideas. As Petruzzelli et al. point out [96], there is a positive and
significant relationship between the implementation of new technologies and OI in SMEs.
Cooperation with different organizations increases the possibilities for these companies
to access necessary innovative resources. This is especially true for the implementation
of digital technologies that are not yet widely used. As shown by another study [97–99],
intensive cooperation, especially in high-tech industries, can result in the acquisition of
knowledge necessary for the development of the digitalization process in SMEs. On the
other hand, the research results presented by Petruzzelli et al. [96] show that apart from the
technologies themselves, another important factor is also the competence of the employees
and the management. Without properly qualified staff, it is difficult to implement new
digital solutions.

When referring to the OI concept, it is worth noting that the industry in which SMEs
operate and attempt to digitize their processes is also of great significance [100].

To sum up, in order to remain competitive and attractive on the open market, SMEs
need to implement innovative digital technologies. In order for these processes to be
successful, they need to apply open business models and cooperate extensively with
external partners, including the possibilities provided by the OI concept [101–106].

7. Conclusions

The problem of SME digitalization is current and immensely important for the sustain-
able economic development of the EU. Due to its universality, the presented methodology
and obtained results can also be successfully used to study other regions and countries.
Such comparative analyses conducted in other regions and countries worldwide, which
have their specificity, can be a source of interesting information and knowledge in this area.

From the point of view of the EU, the process of digitalization of companies and society
is currently a priority in building a competitive and innovative knowledge-based economy.
Digitalization is currently one of the most important trends that change practically our
whole civilization. The group of small and medium-sized enterprises is of key importance
in this process, both from the global and local point of view. It mainly results from a large
number of these enterprises, the number of employees, and their direct contact with society.
These enterprises, unlike most large companies, are much closer to society, and thus have a
great impact on building economic and technological sovereignty, prosperity, and creating
social digital awareness.

Therefore, it is so crucial to know the level of technological advancement of these com-
panies, which is undoubtedly shown by the presented results. They made it possible to as-
sess the degree of digitalization (application of solutions related to the Industry 4.0 concept)
of SMEs in the EU-27 countries. These solutions were characterized by a set of indicators,
selected on the basis of previous studies and the knowledge and experience of the authors
of this paper. In general, these indicators referred to the most important technologies and
areas related to the digitalization of enterprises.

The research results showed the following:

1. Digital technologies identified with Industry 4.0 most frequently used by SMEs in the
EU-27 are the use of websites, cloud services, and having a VPN as a cybersecurity
measure. At the same time, the least used technologies are 3D printing and industrial
or service robots.

2. The EU-27 countries are very heterogeneous in terms of the sophistication of digital
technologies implemented in SMEs. Within the EU-27 as a whole, two groups of
countries can be distinguished, with few exceptions, in terms of the digitalization of
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this group of enterprises. Definitely more advanced in this regard are the countries of
the old union (except Greece), and much less—the countries of the new union (except
Malta and Slovenia).

3. The expert level of digital maturity of SMEs was achieved by Denmark, Finland,
Malta, the Netherlands, and Belgium, and the advanced level by Sweden, Portugal,
Germany, Slovenia, Austria, Luxembourg, Italy, Croatia, France, Spain, and Ireland.
The intermediate-level countries included the Czech Republic, Estonia, Cyprus, Latvia,
Lithuania, Poland, and Slovakia. The group of countries with the lowest, beginner
level of digital maturity in SMEs included Bulgaria, Hungary, Romania, and Greece.

4. A positive, statistically significant relationship was confirmed between economic
parameters such as GDP per capita, business enterprise expenditure on R&D (for
SMEs), business enterprise expenditure on R&D, and gross domestic expenditure
on R&D, and the digital index (ASi) of SMEs for the EU-27 countries. Thus, these
parameters were found to be relevant for the digitalization process of SMEs. At the
same time, it was confirmed that the GDP value of each country is not more significant
for the digital development of SMEs.

The obtained results clearly indicate significant challenges the EU is facing in building
a sustainable digital economy. Therefore, it becomes reasonable to take such findings into
account when developing a strategy for the development of the region’s digitalization
process. In this regard, a key task is to reduce the disproportion in the level of digital
maturity of SMEs in different countries. It seems advisable to implement educational
and motivational programs to increase knowledge of digital solutions and possibilities of
their practical application. Without accelerating the pace of digitization of this group of
enterprises, it will be difficult to meet the growing global competition. This is particularly
important in the face of recovery from the crisis caused by the SARS-CoV-2 pandemic.
This pandemic has significantly altered the optics of the modern economy, which should
be a direction for future research in this area. To sum up and generalize the conducted
research, it can be said that the results should be used to build a new strategy and improve
the process of financing activities related to the digitalization of the entire EU economy,
especially SMEs.

The conducted research and the results also led the authors to formulate directions
for future research. As part of further work on the digital transformation of SMEs, it
is reasonable to conduct a study of their digital maturity in terms of economic sectors,
classified according to NACE Rev. 2. Such an analysis will allow for more precise iden-
tification of the level of digitalization of SMEs that deal with a specific type of activity,
and this in turn should identify industries where these processes require assistance and
intervention. Extending and complementing this research with the results of an analysis
of digital maturity in selected sectors of the economy (e.g., transport, energy, agro-food
industry, environmental protection, telecommunications, engineering, and others) will
therefore allow a very accurate diagnosis of the state of progress of digital transformation
processes in the EU-27. It is also worthwhile, as already mentioned, to refer to the impact
of the SARS-CoV-2 pandemic on the process of SME digitization and the EU-27 economy in
general, as well as the changes that have occurred in other regions of the world.

As part of future research, it also seems justified to monitor and investigate the reasons
for the large discrepancy in the digitalization of SMEs in the old and new EU countries.
The results presented in this paper indicate that the process of integration of the European
economy, in terms of its digitalization, shows very large differences in individual countries.

From the point of view of future work, it would also be important to carry out re-
search in the EU countries on the barriers and limitations (including knowledge) that
entrepreneurs see in the implementation of new technologies. At the same time, it would
be very interesting to suggest that they formulate their proposals for necessary actions to
effectively implement digital solutions. In this respect, it would also be worth defining the
areas, forms, and scope of potential support for SME activity in this field.
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