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Abstract: Historically, new technologies have always increased the efficiency of production processes.
Production process efficiency increases productivity. With the growth of productivity, there is usually
an increase in sales and profit. Today’s world is mainly influenced by digital technologies. The
digitization of production processes leads to the digital transformation of the business and natural
economy sectors. If, like other technologies in the past, the effects of digital technologies are associated
with a growth in efficiency, productivity and thus also revenues and profits, the aim of this article is to
propose a model to assess the potential of a digital transformation from a macroeconomic perspective.
The proposed model, which was based on a composite indicator expressing the potential for digital
transformation, was quantified for a certain period and for a selected sample of countries. The
potential for digital transformation can occur in any country, regardless of the purchasing power of
its population and GDP per capita. We can assume that the economic benefits of digital technologies
are obvious. Businesses operating in any country innovate and are driven by digital technologies.
This is also reflected in employment. New workers who know how to work with digital technologies
are needed. Therefore, the results of the assessments and the proposal itself serve as a basis for
national policy makers to create national strategies for digital transformation.

Keywords: digital technologies; digitization; digitalization; digital transformation; digital economy;
potential of digital transformation

1. Introduction

From the industrial revolutions of the past to the present, we have been able to wit-
ness rapid technological progress and each industrial revolution brought about extensive
structural changes. Revolutionary technologies such as the steam engine and the electri-
fication and automation of assembly lines forever changed the way we make, distribute,
and sell products.

Digital technologies are the driving force behind the current industrial revolution.
These technologies are experiencing rapid development. A well-known example of this
is Moore’s law, which states that from the 1970s to the present, the number of integrated
circuits doubled about every two years [1]. This is also the case for the processing speed,
memory capacity of computers and even the size of pixels in digital cameras. With the de-
velopment of these technologies, their operational capabilities are increasing exponentially.

From many examples, many companies have found ways to use these technologies for
their own benefit. There are many studies dedicated to measuring the effects of the use of
digital technologies. These studies are mainly oriented towards the examination of effects
of digital technologies on business performance from a theoretical point of view [2,3].

From a macroeconomic perspective, an OECD study, “Measuring digital transformation”,
concluded that many measurements of digital transformation tend to struggle with the
rapid pace of development of digital technologies. Furthermore, the OECD raises a number
of questions regarding the issue of digital transformation. One of these questions is how
can digital transformations be measured and tracked in all sectors of the economy [4]?
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After extensive research, it can be concluded that there is currently no study that tries
to answer this question. In other words, there are no scientific approaches that quantify
digital transformation or perspectives of digital transformation, such as its potential.

Therefore, in accordance with OECD, the aim of this article is not only to design an
analytical tool that will measure digital transformation but also measure and assess the
potential with which a nation uses or wastes a chance for the digital transformation of
its economy.

As the impact of digital technologies on the day-to-day running of businesses is
clearly visible, the importance of the research presented in this article lies in the design of
a new digital transformation assessment model. According to this model, an analytical
tool, it is possible to measure and assess the potential for digital transformation from a
macroeconomic perspective.

For the purposes of fulfilling the set goal, it is necessary to understand the basic
terminology and the methodology that we used when we created the presented model to
measure and assess the potential for digital transformation.

Literature Review

Digital technologies have changed the way businesses conduct their day-to-day oper-
ations. Businesses need to make significant efforts to respond to these changes. Most of
the challenges and opportunities for individual companies as well as entire industries and
society lie in changes related to people, processes, strategies, structures and the dynamics
of competition. Digital technologies also lead to faster innovation, higher productivity,
greater process efficiency, and an improved customer experience. Changes require a clear
recognition of the need to transform, an understanding of what needs to change, and a
plan for making the desired changes.

Digital technologies include any device or application that processes information in the
form of binary codes [5]. Devices we are referring to can be physically grasped: hardware,
mobile devices, and telecommunication devices (modem, router, server, etc.). On the
contrary, applications are intangible and virtual: software and electronic communication
networks [6–8].

The introduction of digital technologies into production processes transforms analogue
information chains into digital ones. If a part of the production process is transformed, then
it is being digitized and undergoes so-called digitization [9–11]. For example, in marketing,
a company would not distribute classic (paper) promotional leaflets to customers but
would instead use one of the online marketing tools [12–15]. If a company digitizes its
whole promotion process by switching from physical promotional tools to virtual online
marketing and communication tools, then we are looking at an example of the concept of
digitalization [16].

Digitalization in the corporate sphere takes place in three phases. In the first phase,
the individual activities of the selected process are automated. In the second phase, related
activities are automated and merged to eliminate all unnecessary tasks. In the third
and most complex phase, the systems of business processes and information flows are
integrated into one corporate information system, which can be represented by enterprise
resource planning software or other digital technology [17,18].

If a company implements several digitization projects, a digital transformation of the
company occurs [19].

Digital transformation takes place across companies, industries, and society. Business
models and corporate culture are changing, and from a traditional enterprise it becomes
either a digital enterprise or a company that uses digital technologies with high intensity, in
almost all phases of its business activity [20,21]. As a result of digital transformation, busi-
nesses and entire economies are more interconnected. The interconnections of economies
and enterprises contribute to the creation of a more globalized world economy [22].
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If businesses are digitally transformed, entire business sectors and the state economies
change. In scientific publications, in connection with the digital transformation of the
economy, we encounter the term digital economy [23–25].

A digital economy, according to its tiered definition, at its core, consists of the outputs
of the economic activity of producers of digital content, goods, and the information and
communication technology (ICT) services. Outputs created by the businesses forming the core
of digital economy changed the business models and value chains of all institutions [26,27].

A narrower definition of the digital economy assigns to its core the outputs of economic
activity of companies, which are dependent on digital inputs. The broader definition of
the digital economy assigns to its previous two levels the economic activity of companies,
which is strongly supported by digital inputs. The outputs of companies that make up
the digital economy, in its narrower and broader sense, are non-digital technologies or
products [27–29].

If we know that changes are taking place not only at the level of businesses, but at
the level of the whole economy and digital technologies are therefore everywhere, we can
ask ourselves the question: what are the impacts of digital technologies on businesses,
economies and society?

Technologies generally increase the efficiency of production processes. If a car manu-
facturer automates and digitizes the production process using robots, the production of a
single car is more efficient and faster by eliminating the error associated with human work.
In addition, by digitizing the manufacturing process, the car manufacturer gains plenty of
information to make more informed managerial decisions through better material delivery
planning [30,31].

The increase in efficiency can also be reflected in the provision of digital products,
which with their simplified functionality replace traditional services. An example is filing
an electronic tax return, where citizens of the state can file a tax return with a few clicks
on the Internet and the tax administration’s website without having to visit the tax office
in person. The elimination of paper forms and automation of the registration of some tax
documents creates space for faster, more accurate and more efficient collection of taxes and
tax data of taxpayers [32]. Another example is electronic prescriptions of medicine. Shorter
waiting times and a reduction in the number of patients waiting, caused by the elimination
of unnecessary tasks, leads to having more space and time that a doctor can devote to the
patient, and thus the quality of health care can be improved [33,34].

Therefore, if we say that processes are being simplified and work efficiency is increas-
ing, it can be expected that there will be room for growth in labour productivity [35].

A more productive company can produce a product faster or provide a service that
can be delivered to a customer in a shorter time. If the product is produced faster or
the service is provided in a shorter time frame, there is room for a decrease in operating
costs. These may be labour costs and costs associated with the operation of buildings and
equipment [36].

This means that the growth of labour productivity is also associated with the growth
of sales. Although the cost of acquiring and operating various digital technologies can be
high, with revenue growth, a business, after achieving a full return on investment or after
a reduction in operating costs, can be profitable over time [37].

The further impacts of digital technologies and digital transformation can be seen in
the labour market [38]. This impact can be understood from two perspectives.

The first perspective points to the destructive effect of digital technologies. The
digitization and automation of production processes means that some jobs become redun-
dant. An example is any job position that is based on routine work—from administrative
assistants and workers to various assembly workers and stock keepers [39].

The second perspective highlights the capitalization effect as a catalyst for job creation.
The demand for new jobs can grow from the introduction of new digital technologies
into various business processes. If a company starts using information systems to manage
business resources, then it is very likely that it will need an employee (by direct employment
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or by hiring them from another company) who will deal with the operation and service of
the system. The new jobs created by the digital transformation are in many cases dependent
on a highly skilled workforce that does this work for a relatively high wage. As wages rise,
so does the purchasing power and quality of life of the population [39,40].

Now that we know the impact of digital technologies, we can ask ourselves further
questions that relate to this topic: When will the digital transformation take place? How
can the potential for digital transformation be assessed or measured? What indicators can
be used to assess the potential of digital transformation of the economy? What dimensions
need to be evaluated?

2. Materials and Methods

In economics, the performance of economic subjects is quantified using specific indica-
tors. An indicator expresses a certain characteristic of economic activity. This characteristic
can be any information (most often in the form of a number) that describes or quantifies a
certain economic phenomenon [41].

One such phenomenon, which is the subject of our interest, is digital transformation.
Several expert studies have addressed the question of which indicators should be assessed
and measured when examining digital transformation (or digitalization and digital econ-
omy). A comprehensive framework, compiling the findings of these studies, was issued
at the G20 meeting as part of the Toolkit for measuring the Digital Economy study [42].
The OECD supplemented this study with its own findings and published them in its own
publication, A roadmap towards a common framework for measuring the Digital Economy,
where it points out that the demand for new tools and measurements resulting from the
growing role of digital technologies in the world economies is acute [43].

In the light of this conclusion, the OECD has developed a framework of individual
indicators for measuring the impact of digital technologies on businesses, economies, and
society. According to the OECD, individual indicators are categorized into three groups (or
dimensions) [43]:

• The first group of individual indicators focuses on the economy and consists of
indicators that examine the economic performance of economic entities falling within
the definition of the digital economy.

• The second group of individual indicators focuses on examining the impact of digital
technologies on labour and jobs.

• The third group of individual indicators includes indicators according to which it is
possible to examine the impact of digital technologies on work skills.

If we want to examine the potential of digital technologies, it is necessary to consider
that the potential can be assessed by examining how the values of either individual or
composite indicators change dynamically over time. The OECD framework of individual
indicators for measuring the impact of digital technologies on businesses, economies and
society has formed the basis for our assessments as well as measurements for quantifying
the potential for digital transformation. Only those individual indicators for which data
are available for selected countries (EU and OECD members) and for a selected period
(2008–2018) were included in the final calculations. A list of the individual indicators used
in the calculations are stated in Appendix A (Table A1).

Digitalization, digital transformation, and the digital economy are complex phenom-
ena. Their complexity lies in the fact that it is possible to look at them from different
angles. Therefore, these phenomena cannot be assessed only by individual indicators,
but by composite indicators. There are more than 20 of them and according to their the-
matic focus they mostly examine: the level of electronic services of the state, the level of
digital skills, the intensity of the use of digital technologies and the telecommunications
infrastructure [44–46].

Given the nature of digitalization, digital transformation, and the digital economy
as complex phenomena, it is possible to quantify the potential for digital transformation
using a composite indicator. The proposed composite indicator will, on the one hand, copy
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existing composite indicators and, on the other hand, complement them by expressing
what these indicators do not examine.

The proposed composite indicator contains new dimensions, derived from the groups
of individual indicators presented in the previously mentioned OECD study [38]. These
new dimensions are aimed at examining the impact of the digital transformation on
the economy, skills, and labour. The name of the proposed composite indicator is the
Digital Transformation Potential Index (DTPI). DTPI quantifies the potential for digital
transformation to occur in each country.

The index is composed of the modified individual indicators listed in Appendix A
(Table A1). The modification occurred because if we want to examine potential, we had
to look at the year-to-year changes of values of selected individual indicators. The list
of modified individual indicators, which also represent the structure of DTPI, is listed in
Appendix B (Table A2). The individual indicators are grouped into three dimensions—
economy, labour, and skills. If the annual values of individual indicators increase or
decrease, there is a greater or lesser potential for the digital transformation of the economy,
work, and skills of state workforce.

For example, if the added value generated by the ICT sector and high-digital-intensity
industries grow annually through the output of their work, which is largely influenced
by digital technologies, there is potential for GDP growth to which digital technologies
contributed. As investment in ICT grows annually, there is potential for digitization and
the digitalization of business processes through the introduction of new technologies into
business processes, which can lead to a gradual digital transformation of businesses. If
the import and export of ICT products grows on year-on-year basis, there is a growth of
the potential for the transformation of foreign trade, which becomes more dependent on
digital technologies.

As employment grows annually in the ICT sector and in high-digital-intensity indus-
tries, the digital transformation of these industries may deepen, with new technologies
forcing companies to hire new employees or substituting them to increase the efficiency
of business processes. There may also be a situation where employment in the ICT sector
and high-digital-intensive industries will grow to such extent that it will be possible to
talk about the transformation of the labour market caused by the digital transformation.
If labour productivity is growing in the ICT sector and high-digital-intensity industries,
the growth is most likely due to digital technologies, as the outputs generated by these
companies are largely influenced by these technologies. As in the case of employment,
changes in labour productivity in the ICT sector and in high-intensity digital industries
can have a significant impact on the overall labour productivity in the country. In other
words, there may be changes in labour productivity caused by digital technologies.

As the number of ICT specialists in businesses and the demand for ICT specialists
grows on a year-on-year basis, the digital transformation of businesses might be occurring,
as businesses need specialists who will be able to work with the digital technologies that
have transformed their business activities. If the number of ICT specialists who enter the
labour market after completing specific university study programs grows annually, there is
room for the creation of new companies and new jobs that may be directly dependent on
digital technologies.

Knowing the logic and structure of the index, we performed a calculation of its
individual indicators. Data entering the calculations of the DTPI were obtained from the
databases OECD STAN, OECD National Accounts, OECD Information and Communication
Technology, OECD Education and Training, UNCTAD Statistics, Eurostat Digital Economy
and Society, Eurostat Education and Training [47–56].

In the calculations of individual indicators, in many cases, a situation occurred where
data were not available for a selected country and a certain year. We supplemented the
missing data by two methods. The first method we used was linear regression, where the
values of individual indicators were estimated and predicted. The method substituted the
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missing values of the individual indicators with the values of the equivalent individual
indicators.

We perceived all dimensions of the DTPI as equivalent. This means that each value
of the individual indicator was converted using a specific weight. The weight of each
dimension (w) represents a third of the total—33.33%. Each dimension is made up of
several individual indicators (xi). The ratio (wI) of the weight of a dimension to the
number of individual indicators expresses the weight of the individual indicator of each
dimension (Table 1).

Table 1. Calculation of weights.

Dimension w xi wI

Economy wE = 33.33% 4 wIE = 8.333%
Labour wL = 33.33% 4 wIL = 8.333%
Skills wS = 33.33% 9 wIS = 3.704%

The values of individual indicators It
q,c for country c at time t and the weights of

the individual indicators wI of each dimension are the sums of their arithmetic averages
aggregated into the final value of the DTPIt

c for country c at time t:

DTPIt
c =

1
n

n

∑
i=1

It
q,ciE ∗ wIE +

1
n

n

∑
i=1

It
q,ci L ∗ wIL +

1
n

n

∑
i=1

It
q,ciS ∗ wIS

Individual indicators It
q,c for country c at time t of DTPIt

c are annual values and are
expressed using a simple individual chain index, where the indicator q is an extensive
quantity expressed in absolute numbers at a specific time t0, t1, . . . , tT :

It
q,c =

qt

qt−1

The higher the value of the DTPI, the higher the potential for digital transformation in
the selected country. The potential for digital transformation may occur in a given country
in the following time periods after the year in which the positive potential was measured.
If the value of the DTPI is negative or zero, then the potential for digital transformation is
not present.

3. Results

The values in Tables 2–5 are graphically differentiated to highlight those values for
the selected country and year in which there was a greater or lesser potential for digital
transformation. In essence, the interpretation of the resulting DTPI assessments defined in
this way is a heat map that by a specific set of colours visually summarizes the obtained
information. A dark green colour represents large to medium-large potential for the digital
transformation that may have occurred in each period and country. Lighter shades of green
represent medium-low to low potential for digital transformation. Negative values and
zero values express zero potential and the absence of potential for digital transformation.

According to assessments (Table 2), in Denmark, Luxembourg, Hungary and Germany,
the potential for digital transformation occurred in each of the monitored time periods.
From the opposite point of view, the same situation did not occur. In none of the countries
was there a situation where the potential for digital transformation would not occur during
the entire ten-year period. The longest zero potential for digital transformation occurred in
four periods within the examined time frame. This is the case for countries such as Italy,
Lithuania, and Poland, with three consecutive periods in Italy.



Sustainability 2021, 13, 11040 7 of 15

Table 2. Assessed values of DTPI.

State/Year 08/09 09/10 10/11 11/12 12/13 13/14 14/15 15/16 16/17 17/18
Belgium 0.50% 1.06% 0.00% 0.24% 0.86% 0.24% −0.01% 1.77% 0.08% 0.25%

Czech Republic 0.48% 0.34% 0.00% 0.27% −0.07% 0.16% 0.13% 0.00% 0.08% 0.29%
Denmark 0.15% 0.40% 0.21% 0.22% 0.19% 0.20% 0.33% 0.46% 0.07% 0.02%
Estonia −0.62% 1.33% 0.62% 0.21% 0.79% −0.10% 0.29% 0.59% 0.09% −0.04%
Finland −0.67% 0.13% −0.03% 0.04% 0.59% 0.30% 0.27% 0.16% 0.05% 0.30%
France 0.03% 0.31% −0.07% 0.18% 0.49% 0.11% 0.37% 0.06% 0.24% 0.03%

Netherlands 0.32% 0.30% 0.24% 0.41% −0.14% 0.22% 0.54% 0.30% 0.04% 0.21%
Latvia 0.02% −0.16% 1.19% 0.38% 0.37% 0.41% 0.24% −0.30% −0.34% 0.18%

Lithuania −0.50% 0.54% −0.05% 0.13% 0.59% 0.06% 0.32% −0.06% 0.81% −0.16%
Luxembourg 1.19% 0.86% 1.52% 1.89% 0.04% 0.40% 0.37% 0.67% 0.29% 0.44%

Hungary 1.03% 0.57% 3.05% 0.33% 0.61% 0.13% 0.08% 0.36% 0.15% 0.36%
Germany 0.03% 0.73% 0.30% 0.35% 0.75% 0.28% 0.31% 0.05% 0.11% 0.04%

Poland 1.80% 0.32% −0.05% 0.40% −0.08% −0.02% 1.84% −0.12% 0.15% 0.05%
Portugal −0.33% 0.06% 0.14% 0.10% −0.04% 0.10% 0.15% 0.25% 0.08% 0.22%
Austria −0.39% 0.90% 0.29% 0.55% −0.03% −0.30% 1.34% 0.18% 0.33% 0.23%
Slovakia 0.70% 0.71% −0.67% 0.02% −0.07% 0.22% 0.31% −0.11% 0.14% −0.33%
Slovenia 0.40% 0.85% 0.07% 1.25% 3.46% 0.16% 0.19% 2.00% −0.82% 0.30%

Spain 0.15% 0.68% 0.10% −0.25% 1.47% 0.32% 0.34% 0.12% 0.28% 0.00%
Italy 0.28% 0.41% −0.04% −0.14% −0.04% 0.02% 1.97% −0.18% 0.04% 0.19%

Table 3. Share of individual indicators of the economy dimension on DTPI.

State/Year 08/09 09/10 10/11 11/12 12/13 13/14 14/15 15/16 16/17 17/18
Belgium −0.02% 0.01% −0.04% −0.05% −0.10% 0.09% 0.11% 0.03% 0.01% −0.04%

Czech Republic 0.03% 0.16% −0.02% −0.08% −0.07% 0.08% 0.21% −0.08% 0.02% 0.16%
Denmark −0.02% 0.08% 0.05% 0.04% −0.06% 0.03% 0.14% 0.03% 0.04% −0.04%
Estonia −0.38% 0.89% 0.39% 0.08% 0.09% 0.09% 0.00% 0.06% −0.24% 0.09%
Finland −0.37% −0.32% −0.11% −0.12% −0.33% 0.16% 0.11% 0.13% 0.07% 0.10%
France −0.06% 0.11% −0.05% −0.01% −0.06% 0.03% 0.13% 0.02% 0.05% −0.02%

Netherlands 0.06% 0.04% −0.03% −0.06% −0.01% 0.05% 0.08% 0.15% −0.14% 0.01%
Latvia −0.23% 0.01% 0.20% 0.19% 0.28% 0.54% 0.14% 0.00% −0.12% 0.08%

Lithuania −0.36% 0.23% −0.02% −0.01% 0.01% 0.14% 0.40% 0.11% 0.19% −0.05%
Luxembourg 0.16% −0.03% −0.01% 0.05% −0.10% 0.11% 0.14% 0.07% 0.04% 0.01%

Hungary 0.05% 0.04% −0.15% −0.09% 0.00% −0.14% 0.13% −0.02% 0.20% 0.15%
Germany −0.09% 0.12% −0.09% −0.04% −0.04% 0.10% 0.13% 0.03% 0.08% 0.00%

Poland 0.23% 0.04% −0.14% 0.07% 0.04% 0.18% 0.17% −0.09% 0.07% 0.04%
Portugal −0.37% −0.11% −0.15% −0.16% −0.16% −0.03% 0.12% 0.19% 0.09% 0.00%
Austria −0.10% 0.04% −0.04% 0.06% 0.03% −0.01% 0.12% −0.02% −0.01% 0.03%
Slovakia 0.04% 0.02% −0.30% −0.05% −0.07% 0.24% 0.23% −0.14% 0.44% −0.24%
Slovenia −0.09% −0.02% −0.10% −0.19% −0.10% 0.12% 0.22% −0.05% 0.11% −0.01%

Spain −0.23% 0.02% −0.30% −0.17% −0.11% 0.08% 0.16% 0.07% 0.13% 0.09%
Italy 0.01% 0.27% −0.09% −0.16% −0.09% −0.02% 0.18% 0.01% 0.06% 0.00%

Table 4. Share of individual indicators of the labour dimension on DTPI.

State/Year 08/09 09/10 10/11 11/12 12/13 13/14 14/15 15/16 16/17 17/18
Belgium 0.07% 0.11% 0.01% 0.19% −0.10% 0.05% 0.15% −0.03% 0.21% 0.04%

Czech Republic 0.11% 0.11% −0.02% 0.22% −0.08% 0.15% 0.04% 0.12% 0.07% 0.18%
Denmark 0.01% 0.04% −0.03% 0.08% 0.03% 0.04% 0.02% 0.07% 0.06% 0.03%
Estonia −0.03% 0.10% 0.00% 0.14% 0.05% −0.04% 0.06% 0.38% 0.33% −0.19%
Finland −0.05% 0.04% 0.01% 0.19% −0.15% 0.10% 0.02% 0.01% 0.11% 0.10%
France 0.06% 0.08% −0.11% 0.17% −0.05% 0.08% 0.14% 0.05% 0.12% 0.03%

Netherlands 0.19% 0.17% 0.20% 0.21% −0.05% 0.10% 0.10% 0.05% 0.21% 0.06%
Latvia −0.19% −0.01% 0.02% 0.06% −0.07% 0.13% 0.00% −0.04% −0.01% 0.16%

Lithuania −0.10% 0.00% 0.01% 0.12% −0.08% 0.08% 0.06% 0.07% 0.30% −0.01%
Luxembourg −0.01% 0.06% 0.00% 0.23% −0.16% 0.09% 0.09% 0.13% 0.04% 0.05%

Hungary −0.02% 0.04% −0.15% 0.00% 0.25% 0.08% −0.05% 0.05% 0.08% 0.06%
Germany −0.01% 0.08% −0.08% 0.12% 0.00% 0.07% 0.04% 0.02% −0.01% 0.08%

Poland 0.06% −0.03% −0.08% 0.18% −0.13% 0.01% 0.07% 0.07% 0.06% 0.12%
Portugal 0.03% 0.04% −0.13% 0.00% 0.09% 0.16% 0.04% 0.05% −0.05% 0.15%
Austria 0.01% 0.00% 0.07% 0.03% 0.01% −0.01% 0.09% 0.06% 0.10% −0.05%
Slovakia −0.03% 0.10% −0.13% 0.05% −0.06% 0.01% 0.13% 0.15% −0.08% 0.03%
Slovenia 0.03% 0.06% 0.01% 0.00% −0.01% 0.11% −0.01% 0.04% 0.09% 0.17%

Spain 0.05% 0.02% −0.03% −0.16% 0.45% −0.01% 0.08% 0.09% −0.04% 0.06%
Italy 0.09% 0.10% 0.06% 0.07% 0.06% 0.04% 0.08% 0.09% 0.04% 0.07%
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Table 5. Share of individual indicators of the skills dimension on DTPI.

State/Year 08/09 09/10 10/11 11/12 12/13 13/14 14/15 15/16 16/17 17/18
Belgium 0.44% 0.95% 0.04% 0.09% 1.05% 0.10% −0.27% 1.77% −0.15% 0.24%

Czech Republic 0.33% 0.07% 0.05% 0.12% 0.08% −0.07% −0.12% −0.04% −0.02% −0.05%
Denmark 0.16% 0.28% 0.19% 0.10% 0.21% 0.13% 0.17% 0.36% −0.03% 0.02%
Estonia −0.21% 0.33% 0.24% 0.00% 0.64% −0.15% 0.23% 0.15% 0.01% 0.06%
Finland −0.25% 0.41% 0.06% −0.04% 1.06% 0.04% 0.14% 0.02% −0.13% 0.10%
France 0.02% 0.12% 0.09% 0.03% 0.60% 0.00% 0.09% −0.02% 0.07% 0.02%

Netherlands 0.07% 0.09% 0.07% 0.26% −0.08% 0.08% 0.36% 0.10% −0.02% 0.14%
Latvia 0.44% −0.16% 0.97% 0.14% 0.16% −0.26% 0.10% −0.25% −0.21% −0.05%

Lithuania −0.04% 0.32% −0.04% 0.02% 0.67% −0.15% −0.14% −0.24% 0.31% −0.10%
Luxembourg 1.04% 0.84% 1.53% 1.61% 0.30% 0.20% 0.14% 0.48% 0.21% 0.38%

Hungary 1.01% 0.49% 3.35% 0.41% 0.35% 0.18% 0.00% 0.32% −0.13% 0.15%
Germany 0.12% 0.53% 0.46% 0.27% 0.78% 0.10% 0.14% 0.00% 0.03% −0.04%

Poland 1.51% 0.31% 0.17% 0.15% 0.01% −0.20% 1.60% −0.10% 0.02% −0.12%
Portugal 0.01% 0.13% 0.42% 0.26% 0.03% −0.03% −0.01% 0.01% 0.04% 0.08%
Austria 0.39% 0.30% 0.14% 0.18% 0.31% 0.08% −0.03% 0.11% −0.03% 0.08%
Slovakia 0.68% 0.60% −0.24% 0.02% 0.06% −0.03% −0.05% −0.11% −0.22% −0.13%
Slovenia 0.46% 0.82% 0.16% 1.44% 3.56% −0.08% −0.02% 2.01% −1.01% 0.15%

Spain 0.33% 0.65% 0.42% 0.09% 1.13% 0.25% 0.11% −0.04% 0.19% −0.16%
Italy 0.17% 0.04% −0.01% −0.05% −0.01% −0.01% 1.71% −0.28% −0.05% 0.12%

In Hungary, at the turn of 2010/2011, and in Slovenia, at the turn of 2012/2013, a
high potential for digital transformation was observed. Medium potential for digital trans-
formation occurred in Poland (2008/2009—2014/2015), Luxembourg (2011/2012), Italy
(2014/2015), Belgium and Slovenia (both 2015/2016). For the rest pf the time periods and
countries, there was predominantly moderately low potential for digital transformation.

The time periods of 2014/2015 and 2009/2010were the most favourable for a digital
transformation. In both cases, there was a situation where only one of the countries did not
produce the potential for digital transformation (2014/2015—Belgium; 2009/2010—Latvia).

Most countries (eight) had zero potential for digital transformation in 2010/2011.
During this period, we can assume that the potential that arose in the previous period
(2009/2010) was exhausted. The potential for digital transformation received a certain
incentive at the turn of 2011/2012, where only two countries did not have the potential for
digital transformation. This potential was assumingly exhausted and the second largest
number of countries (seven) with zero potential for digital transformation was recorded
in 2012/2013.

Table 2 provides us with information on the extent to which the potential for digital
transformation was created. Tables 3–5 provide us with information about the potential for
the digital transformation of the economy, labour demand and labour supply.

In 2009/2010, only seven countries had the potential to digitally transform their
economies (see Table 3). This period is associated with the Subprime mortgage crisis, the
negative impact of which was reflected not only in national economies, but also in the
performance of digital economies. A year later, digital economies sort of recovered and the
potential for digital transformation of national economies re-emerged. In Estonia, this year
even assessed the highest potential for the digital transformation of Estonia’s economy
among all the countries and time periods.

At the turn of 2010 and 2011, a new crisis, this time the Eurozone crisis (or the European
debt crisis), caused a recession not only in the economies of the selected countries but also
a recession of their digital economies. In 2010/2011, the potential for digital transformation
of economies emerged in only three countries. This trend continued and in 2011/2012 there
were six states and in 2012/2016 five states with potential for digital transformation of their
economies. In the following years, there was some recovery and at the turn of 2014 and
2015, except for Estonia, the potential for digital transformation of its economy emerged in
each country.

The potential for the digital transformation of employment and labour demand, as
in the previous case, was absent in the periods 2008/2009, 2010/2011 and 2012/2013 (see
Table 4). During these years, the potential of digital technologies was in some countries
exhausted and did not receive any incentive to revive itself. The change occurred at the
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turn of 2013/2014. Since then, the potential for digital transformation of employment and
labour demand emerged in every year and in almost every country.

In Italy, there was potential for the digital transformation of jobs in each of the exam-
ined periods. In Denmark and the Netherlands, potential was also present in almost all
examined time periods. It can be assumed that digital technologies in these countries have
long played an important role in the performance of various jobs. The country with the
least potential for digital transformation of labour is Latvia. This, in turn, can mean that
digital technologies do not affect the performance of various jobs in the long run.

If we look at the dimension of skills (see Table 5), an annual increase in the number
of university graduates was found from turn of years 2008/2009 to 2012/2013. After
2012/2013, there was a certain stagnation and, in many countries, there was no potential
for digital transformation, which would be carried out by university graduates. The
situation is the opposite for the dimensions of the economy and labour.

It can be assumed that, for demographic reasons, the number of university students
decreased in many countries, which is reflected in the number of graduates.

Where there was not a long-term annual increase in the number of university gradu-
ates, who are fit from their education to work as ICT specialists, it can be assumed that there
is a shortage of ICT specialists. This situation, according to assessments, occurred in the
Czech Republic, Slovakia, and Latvia. Conversely, where there is a sufficient year-on-year
growth of number of graduates, the future ICT specialists, there is a sufficient workforce
that can be a driving force for the changes associated with digital technologies. In this
case, these situations occurred in countries such as Luxembourg, Denmark, Germany,
and France.

If we look at the assessments of the DTPI from the point of view of averages (Table 6),
over the examined time periods, on average, most of the potential for digital transformation
occurred in Slovenia, Luxembourg, and Hungary. In these countries, the greatest potential
for digital transformation was generated by university graduates who, by studying specific
study programs, are predisposed to perform the work of ICT specialists.

Table 6. Share of individual indicators of the skills dimension on DTPI.

State E L S Total Average

Slovenia −0.01% 0.05% 0.75% 0.79%
Luxembourg 0.04% 0.05% 0.67% 0.77%

Hungary 0.02% 0.03% 0.61% 0.67%
Belgium 0.001% 0.07% 0.43% 0.50%
Poland 0.06% 0.03% 0.33% 0.43%
Estonia 0.11% 0.08% 0.13% 0.32%
Spain −0.03% 0.05% 0.29% 0.32%

Germany 0.02% 0.03% 0.24% 0.29%
Italy 0.02% 0.07% 0.16% 0.25%

Netherlands 0.01% 0.12% 0.11% 0.24%
Denmark 0.03% 0.04% 0.16% 0.22%

Latvia 0.11% 0.004% 0.09% 0.20%
Austria 0.01% 0.03% 0.15% 0.19%
France 0.01% 0.06% 0.10% 0.17%

Czech Republic 0.04% 0.09% 0.04% 0.17%
Lithuania 0.06% 0.05% 0.06% 0.17%
Finland −0.07% 0.04% 0.14% 0.11%
Slovakia 0.02% 0.02% 0.06% 0.09%
Portugal −0.06% 0.04% 0.09% 0.07%

In general, this applies to almost every country. The exceptions are the Netherlands
and Latvia. In the Netherlands, the labour market produces the potential for digital
transformation, and in Latvia it is the state’s digital economy. This means that it is possible
to assume that the driving force of the digital transformation is mainly education, which is
represented by university graduates.
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The least potential for digital transformation was found in Finland, Slovakia, and
Portugal. In the case of these countries, it can be said that this is a missed opportunity for
the development and growth associated with digital technologies.

The size of the country and its economic strength, represented by the indicator of
GDP per capita, which determines the purchasing power of the population, create a
presumption based on which we can assume that modern digital technologies are used
mainly in economically strong countries. The opposite is true (see Table 7). In each year,
the ranking of countries changed significantly according to the value of the DTPI. In some
cases, significant change of order occurred.

Table 7. Ranking of countries sorted according to the values of the DTPI.

State/Year 08/09 09/10 10/11 11/12 12/13 13/14 14/15 15/16 16/17 17/18

Poland 1 18 3 2 7 14 9 7 17 2
Luxembourg 2 5 2 7 11 2 1 5 16 3

Hungary 3 16 14 16 5 11 16 2 2 7
Slovakia 4 2 18 8 18 19 8 18 11 19
Belgium 5 7 12 1 12 12 13 10 13 6

Czech Republic 6 12 16 14 3 5 2 3 3 5
Slovenia 7 4 8 12 17 4 11 8 1 16

Netherlands 8 11 10 3 19 8 10 15 4 15
Italy 9 3 15 6 13 10 17 16 12 8

Denmark 10 17 11 5 14 6 4 19 18 9
Spain 11 9 7 10 10 7 12 11 15 14

Germany 12 10 5 18 2 3 18 13 6 1
France 13 6 6 13 16 13 19 12 5 12
Latvia 14 1 19 17 9 15 14 6 10 13

Portugal 15 13 9 15 15 17 7 17 19 10
Austria 16 8 1 19 4 9 15 4 9 11

Lithuania 17 19 17 4 6 1 6 1 8 18
Estonia 18 15 13 9 1 18 3 9 14 17
Finland 19 14 4 11 8 16 5 14 7 4

For example: the largest decrease was observed in Poland in 2008/2009 and in Estonia
in 2012/2013. Both countries were in first place and the highest potential for digital
transformation was measured. In the following period, Poland and Estonia were 18th (out
of 19 countries).

On the contrary, the largest growth occurred in Germany and Luxembourg. In the
period 2011/2012, Germany was at the penultimate position of the ranking (18th). Luxem-
bourg was in 16th place in 2016/2017. Both countries’ positions changed significantly in
the following year. Germany was in second place, with Luxembourg in third.

This means that the potential for digital transformation can occur in any country,
regardless of the purchasing power of its population and GDP per capita. We can assume
that the economic benefits of digital technologies are obvious. Businesses operating in
any country innovate and are driven by digital technologies. This is also reflected in
employment. New workers who know how to work with digital technologies are needed.

4. Discussion

Digital transformation is a phenomenon that can occur in countries with different
economic backgrounds. According to our assessments and measurements, the bearers of
the potential for digital transformation were mainly university graduates. The potential
for digital transformation, as we propose to be measured, is also affected by economic
cycles. If the economy is in crisis, the potential for digital transformation is declining. As
the economy grows, so does the potential for digital transformation. In connection with
the findings presented in this article, the topic of discussion is the search for possibilities to
expand the list of individual indicators and dimensions forming the DTPI.
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Digital transformation will be a subject of growing interest. As in the past and today,
scientific, and technical progress is a source of many advantages but also disadvantages.

Considering the advantages, digital transformation represents a certain opportunity
to change the country’s economy. This change is associated with a higher efficiency of
business processes, which leads to productivity growth. Growth in productivity and
efficiency can be associated with growth in sales and profits, which can also be associated
with growth of living standards.

However, it is questionable whether corporate productivity (from a microeconomic
perspective) will grow and lead to revenue and profit growth. The same applies to the
growth of living standards from a macroeconomic point of view. Therefore, the phe-
nomenon of digital transformation requires further in-depth research that will provide
answers to many questions related to this issue.

The topic of further discussion (and thus further research) should be the practical
application of specific activities related to the use of the potential brought by digital
transformation. This means that the research question that needs to be answered should
have the following form: what activities, policies or strategies need to be implemented at
national and international levels to ensure continuous potential for digital transformation?

With the research question formulated in this way, the following questions need to
be answered:

• What support activities need to be implemented to develop the use of digital tech-
nologies in the business sphere?

• What support activities need to be implemented to ensure the growth of investment
in ICT and the development of the digital skills of the workforce?

• What strategy needs to be put in place for the school system to produce a more highly
skilled workforce ready for practice and for the intensive use of digital technologies?

• What is the effectiveness of new and implemented activities, policies, and strate-
gies in the use of digital technologies, or in areas related to digitalization, digital
transformation, and digital economy?

The OECD provided some answers to these questions in its study Going Digital:
Shaping Policies, Improving Lives, where an integrated policy framework was created [57].
Although an integrated policy framework exists, each country must approach the answers
to these research questions separately according to the specific conditions in which it
finds itself.

Given that new digital technologies are constantly evolving, it is necessary to open
a discussion and answer questions on the topic of assessing or measuring the negative
impacts associated with the digital transformation:

• How many businesses have disappeared due to digital transformation?
• How many jobs have been lost due to the digital transformation of businesses?
• Which skills are becoming redundant for the needs of the labour market affected by

the digital transformation?
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Appendix A

Table A1. List of the individual indicators used for calculations.

Dimension Name of the Individual Indicator

Economy

• Share of value added of the ICT sector and high digital-intensity industries on GDP (%)
• Share of ICT investment on GDP (%)
• Share of imports of ICT products on total imports (%)
• Share of exports of ICT products on total exports (%)

Labour

• Share of employment in ICT sectors and high digital intensity industries in total employment (%)
• Labour productivity in the ICT sector and the high digital intensity industries (millions of EUR)
• Share of employees performing ICT specialist work in total employment (%)
• Share of companies looking for ICT specialists on the total number of companies (%)

Skills

• Share of graduates with bachelor’s degree of natural sciences, mathematics, and statistics to the total
number graduates with bachelor’s degree of all university study programs (%)

• Share of graduates with master’s degree of natural sciences, mathematics, and statistics to the total
number of graduates with master’s degree of all university study programs (%)

• Share of graduates with doctoral degree of natural sciences, mathematics, and statistics to the total
number of graduates with doctoral degree of all university study programs (%)

• Share of graduates with bachelor’s degree of information and communication technologies to the
total number of graduates with bachelor’s degree of all university study programs (%)

• Share of graduates with master’s degree of information and communication technologies to the total
number of graduates with master’s degree of all university study programs (%)

• Share of graduates with doctoral degree of information and communication technologies to the total
number of graduates with doctoral degree of all university study programs (%)

• Share of graduates with bachelor’s degree of engineering, manufacturing, and construction to the
total number of graduates with bachelor’s degree of all university study programs (%)

• Share of graduates with master’s degree of engineering, manufacturing, and construction to the total
number of graduates with master’s degree of all university study programs (%)

• Share of graduates with doctoral degree of engineering, manufacturing, and construction to the total
number of graduates with doctoral degree of all university study programs (%)

Appendix B

Table A2. List of modified indicators and structure of DTPI.

Dimension Name of the Individual Indicator

Economy

• Year-on-year change in the value added of the ICT sector and high digital-intensity industries on GDP (%)
• Year-on-year change in the value of ICT investment on GDP (%)
• Year-on-year change in the value of the share of imports of ICT products on total imports (%)
• Year-on-year change in the value of the share of exports of ICT products on total exports (%)

Labour

• Year-on-year change in the value of labour productivity in the ICT and high digital-intensity industries (%)
• Year-on-year change in the value of employment in the ICT sector and high digital-intensity industries to

total employment (%)
• Year-on-year change in the value of the share of employees performing ICT specialist work in total

employment (%)
• Year-on-year change in the value of the share of companies looking for ICT specialists in the total number of

companies (%)
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Table A2. Cont.

Dimension Name of the Individual Indicator

Skills

• Year-on-year change of number of graduates with bachelor’s degree of natural sciences, mathematics, and
statistics to the total number graduates with bachelor’s degree of all university study programs (%)

• Year-on-year change of number of graduates with master’s degree of natural sciences, mathematics, and
statistics to the total number of graduates with master’s degree of all university study programs (%)

• Year-on-year change of number of graduates with doctoral degree of natural sciences, mathematics, and
statistics to the total number of graduates with doctoral degree of all university study programs (%)

• Year-on-year change of number of graduates with bachelor’s degree of information and communication
technologies to the total number of graduates with bachelor’s degree of all university study programs (%)

• Year-on-year change of number of graduates with master’s degree of information and communication
technologies to the total number of graduates with master’s degree of all university study programs (%)

• Year-on-year change of number of graduates with doctoral degree of information and communication
technologies to the total number of graduates with doctoral degree of all university study programs (%)

• Year-on-year change of number of graduates with bachelor’s degree of engineering, manufacturing, and
construction to the total number of graduates with bachelor’s degree of all university study programs (%)

• Year-on-year change of number of graduates with master’s degree of engineering, manufacturing, and
construction to the total number of graduates with master’s degree of all university study programs (%)

• Year-on-year change of number of graduates with doctoral degree of engineering, manufacturing, and
construction to the total number of graduates with doctoral degree of all university study programs (%)
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