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Abstract. Technological progress is synonymous with current and past changes. In the past these changes led to increased efficiency of
production. Driving forces behind today’s technological progress are digital technologies. Emergence of digital businesses significantly
contributes to a new type of economy, which acquires the adjective digital. Building on the experience gained from the technological
advances of past centuries, digital technologies, which make the digital economy by the mass use of them, are and will be an important
factor influencing economic growth. Therefore, the aim of this article is to propose the measure of the scale and potential of digital
economy. Measurements are realized in the form of composite indicator designed for the policymakers that deal with the creation of
strategies for further growth and the direction of national economies. This composite indicator consists of individual indicators related to
tree areas — economy, labour and skills, that can be used to determine the scale and the potential of the digital economy. The scale of the
digital economy varies across the examined countries. An interesting finding is the fact that the scale of the digital economy is not
conditioned by the geographical or economic scale of the state.
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1. Introduction

Digital technologies are the driving force behind today's technological progress. Digital technology can be
understood as all types of electronic devices and applications that use information in the form of numerical codes.
Microprocessor-based devices that process and use digital information include personal computers, cell phones,
and communications satellites. Digital applications such as the Internet, operating systems, and enterprise
resource management information systems are dependent on such devices (Urbinati et al. 2020; Khin, Ho 2019).

The use of digital technologies leads to the digitization of processes (Brennen, Kreiss 2014). While digitization
represents the conversion of multiple streams of information within a part of a certain process, by digitalisation
we speak of the conversion of all streams of information within the whole process. Digitalisation, simply put,
represents the introduction and use of a specific digital technology by companies, or the entire industry in a single
project (Wachal 1971). The company can carry out a series of digitalisation projects: from the digitization and
subsequent automation of production processes, the introduction of information systems for customer relationship
management, transition from classic marketing tools to new digital marketing tools, changed use of data,
including offering new digital services, to the retraining of employees using digital technologies (Corejova,
Chinoracky, Valicova 2020; Genzorova, Corejova, Stalmasekova 2018; Corejova, Rovnanova, Genzorova 2016;
Tengler, Kolarovzski, Kolarovzska 2017; Madlenak, Madlenakova 2015; Madlenak, Madlenakova 2017).
Collectively, the series of digitalisation projects is referred to as digital transformation. Digital transformation is a
strategic transformation that requires not only the implementation of digital technologies, but also cross-cutting
organizational changes, a shift in corporate culture and business models (Strenitzerova 2016; Strenitzerova,
Garbarova 2016). The digital part of this transformation involves the transition from existing systems, enterprise
infrastructure and the business models to upgraded platforms and software, which is often delivered as a cloud-
based service instead of traditional desktop applications. Changes in corporate culture involve the adoption of
digital technologies by employees, which make their work more efficient and easier (Reis et al. 2018; Verhoef et
al. 2019; Ebert, Duarte 2018; Williams, Schallmo 2018; Corejova, Rostasova 2015).

The digital transformation is not only changing the way businesses operate. Changes are present in a way the
customers behave. Together, these two entities form the basis of the functioning of the economy. Emergence of
new digital technologies and their integration into all spheres of society creates a new kind of paradigm of the
economy. The new economy received new adjective “digital” (Zimmermann 2000; Akaev et al. 2018;
Genzorova, Corejova, Stalmasekova 2018).

Digital technologies allow traditional industries to grow. In this context, digital transformation provided
businesses with opportunity to expand, address additional demand and thus create an increased need for inputs, in
particular capital and labour. (ITU 2017) The development and growth of companies leads to economic growth of
entire industries, which can also lead to the growth of the entire state economies. Specific examples of impacts of
digital technologies on the economic growth are in:

— increase of productivity through the introduction of more efficient business processes supported by
information and communication technologies and the optimization of supply chains. (Atkinson, Castro,
Ezell 2009)

— increase in corporate revenues from expanded market coverage. Digital technologies can attract labour to
certain regions of countries as a result of information processing and the provision of services at a
distance. The most affected services are in the areas of outsourcing and deployment of virtual customer
care centres. (ITU 2017)

— growth of some service sectors. For example, in software development and business processes
outsourcing. (Crandall, Lehr, Litan 2007)
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Assuming that the mass adoption of digital technologies (such as artificial intelligence, machine learning, robotics
and blockchain etc.) will take place within ten or twenty years, it can be concluded that their economic impact
will be significant. If operating costs are significantly reduced and thus the price of products is reduced, at least
part of this reduction will be felt by consumers, who will benefit from the increased efficiencies caused by digital
technologies. Digital technologies could reverse the offshoring trend of multinational companies and dramatically
change global production chains (ITU 2017). The effects of digital transformation and the use of new
technologies do not only affect economic growth. Changes of the nature of work in all sectors and professions are
and will be present (IMF 2018, Schwab 2017).

Taking into account that digital technologies are driving the technological advances of today and they are behind
the emergence of digital economy which can cause economic growth and change of labour market some questions
are certain: What is the scope of digital economy and what are the options for measuring the digital economy?

2. Theoretical background

If we want to measure the outputs of the digital economy, it is necessary to examine which companies make up
the digital economy, and therefore, fall under the theoretical framework of digital economy. This problem was
addressed by Buhkt and Heeks, in their study “Defining, Conceptualising and Measuring the Digital Economy”.
The scale of the digital economy can be determined from its core representing the digital (ICT) sector to the
digital economy from a narrower perspective and the digitized economy from a broader perspective (Bukht,
Heeks 2017). The core of digital sector includes the production of information technology hardware, software
production, the provision of information services, IT consulting services and the provision of ICT products
(OECD 2002; Madudova, Corejova 2019).

The digital economy in the narrower perspective takes into account the overall range of applications of digital
technologies. This includes the core of the digital economy, the provision of digital services and applications as
well as digital platforms as a supporting tool of business processes. The way of providing some long-term
services as a result of large-scale application of IT technologies into practice is changing. This means that new
services are emerging. These services are provided due to the penetration of new technologies on the market.
Therefore, a narrower definition of the digital economy encompasses a wide range of activities, taking into
account the fact that not all digitized activities are part of the digital economy (Bukht, Heeks 2017).

From a broader perspective, the digital economy embraces also e-commerce and e-business, algorithmic
economy, the use of digitally automated technologies in industry (industry 4.0) and agriculture (precision
agriculture) (Bukht, Heeks 2017). Algorithmic economy is synonymous with algorithmic businesses. Algorithmic
businesses deal with the industrial use of mathematical algorithms, which are applied in companies to acquire
knowledge that can be used repeatedly and easily, for the purpose of improving and subsequent implementation of
important business decisions (Meulen van der 2016). The term Industry 4.0 represents the integration of complex
physical machines and devices with network sensors and software that is used to predict, control and plan not only
better business but also social results (Germany Trade & Invest 2014). Businesses providing precision farming
services, using digital technologies from GPS, sensors, robotics, autonomous vehicles, drones, automated
hardware, telematics and software, enable farms and other agricultural companies to collect, process and analyse
temporal, spatial and individual data. These data in combination with the information available to the farm or
agricultural company supports its decisions to improve resource efficiency, productivity, quality, profitability and
the sustainability of agricultural production (Schmaltz 2017).

The transition between the narrow and broader perspectives of digitalised economy is represented by gig and
sharing economy platforms. The economic activity of companies providing gig platforms and the shared economy
platforms is realized exclusively through digital technologies by connecting users using these platforms through
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the Internet. Conversely, the exchange of certain goods or services between end-users of a given platform takes
place outside the digital environment. That’s why, gig and the sharing economy are indirectly part of not only the
broader scope of digital economy but also the narrower scope of digital economy (Hamari, Sjoklint, Ukkonen
2016; Mukhopadhyay, Mukhopadhyay 2020; Stalmasekova, Genzorova, Corejova 2017).

If we can say what forms the framework of the digital economy, it is appropriate to look at the possibilities of
measuring the digital economy. The performance of economic entities is quantified by specific indicators
(Kovanicova 2005). A number of studies have been devoted to the question of which indicators should be
measured in the digital economy. A comprehensive framework following these studies was published by the G20
in 2018 in its "Toolkit for measuring the Digital Economy" study, which was followed up and supplemented by
new findings of the OECD in 2020 in the study "A roadmap toward a common framework for measuring the
digital economy". The demand for new data, new indicators and tools to measure the digital economy is acute due
to the growing role that digital technologies play in the economies of the world and the rapid pace of development
that characterizes these technologies. OECD, in the study "A roadmap toward a common framework for
measuring the digital economy", and the G20, in the study "Toolkit for measuring the Digital Economy", did not
develop new indicators to measure the performance of economic entities belonging under the framework of digital
economy. Existing indicators and methodological procedures were selected for the measurements of digital
economy in an effort to compile basic, standardized and comparable indicators of the digital economy (G20 2018,
OECD 2020). These individual indicators are thematically grouped into three areas, which are:

— the skills needed for individuals involved in the production of goods and services;

— jobs, in the sense of a workforce that is one of the factors of production influencing the output of

companies in the digital economy;
— growth generated in some way by the activities of businesses in the digital economy.

Even if there are groupings of individual indicators with which it is possible to measure the digital economy, it is
appropriate to add that individual indicators alone cannot specifically measure the digital economy. The
application of digital technologies to business practice, from the digitization of information flows, digitalisation of
business processes to the digital transformation of entire companies is a multidimensional phenomenon, which is
commonly quantified with the help of composite indicators. There are more than 20 composite indicators that,
from a certain point of view, deal with various measuring of the digital economy. These composite indicators
mainly focus on areas such as electronic services of the state (or so called e-Government), digital skills in society,
telecommunications infrastructure, use of digital technologies and digital innovations in society (Konovova 2015,
Moroz 2017).

If the focus of these composite indicators is oriented in this way, a question arises. Is it possible to create a new
way of measuring the digital economy? The answer to this question may be the use of already mentioned
composite indicators, because the digital transformation is a multidimensional phenomenon that cannot be
explicitly measured by individual indicators. However, if composite indicators for measuring the digital economy
already exist, what new approaches need to be applied? The answer is in the dimensions defined by the study "A
common framework for measuring the digital economy".

3. Research objective and methodology

If the study "A common framework for measuring the digital economy" defines the three dimensions of
measuring the digital economy, it is possible to create a new approach to measuring the digital economy. If we
also know the theoretical framework of the digital economy and specific indicators that can be used to quantify
digital economy, it is possible to measure the scale of digital economy. Therefore, research results presented in
this article combine the theoretical framework, OECD's findings on individual indicators and dimensions suitable
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for measuring the digital economy and the findings that the digital economy, as a multidimensional phenomenon,
is examined in the form of composite indicators. If the composite indicators of measuring the digital economy
focus on specific areas of electronic services of the state, digital skills in society, telecommunications
infrastructure, use of digital technologies and digital innovations in society, then it possible to propose and create
composite indicator which will be based on the individual indicators proposed for measuring the digital economy
by the OECD which will expressed on one hand digital skills and on the other hand will complement existing
composite indicators by expressing what the analysed indicators do not examine — growth and jobs. So it is
possible to say that the dimensional orientation of the proposed composite indicator defined in this way represents
a new form of measuring the digital economy.

The proposed composite indicator will measure the scale of the digital economy and the potential that can arise
from changes of the measured values over time. Name of the composite indicator is Digital economy scale index.
Digital economy scale index is composed out of individual indicators which are derived from already mentioned
OECD’s study “A framework for measuring the digital economy”. Set of individual indicators was modified for
the needs of created composite indicator. Same applies for the names of the areas (or dimensions) of individual
indicators. Methodologically, the composite indicator was constructed according to the methodological and user
guide “Handbook on Constructing Composite Indicators” from OECD (OECD, 2008). To make the measurements
comprehensive in terms of available data Digital economy scale index was quantified for 19 OECD members’
countries within the time frame of eleven years (2008-2018).

3.1 Structure of the proposed composite indicators

Digital economy scale index measures to which extent the values of individual indicators contribute to the total
values of these indicators at the state level. The individual indicators that make up the Digital economy scale
index express the economic side of the performance of companies that fall under the theoretical framework of
digital economy and the investment of all companies in digital technologies, including their import and export. If
the Digital economy scale index is set to measure the digital economy from broadest possible way, the companies
that were examined fall under the ICT sectors’ detailed definition and high digital intensive industries. Both
groups are named according to the classification of companies that OCED uses in its own OECD STAN database
(ISIC rev.4).

The economic area is included in the Digital economy scale index. It is its dimension, and is named as economy.
Indicator of investment in digital technologies represents capital, as a production factor or input into the
production of goods and services, which is necessary for a company to make a profit. Achieving the required
profit is conditioned by the growth of business performance. If the performance of companies grows, so does the
performance of the state's economy.

The performance of an economy depends on labour, which is related to an individual's effort to bring a good or
service to the market (Hanink 2017). An important characteristic of work is its quality, which means knowledge,
education, qualification of work and its productivity. The rapidly changing structure of the economy, triggered by
digital technologies, places increased demands on the quality of work and its ability to adapt to these changes.
Therefore, the quality of work is an essential part of the digital economy (Lisy 2005). Respecting the basic
features of quality of work, labour is another dimension, which is included in the Digital economy scale index.
Dimension labour, in the form of other individual indicators, quantifies employment and labour productivity in
ICT and high digital intensive industries, the number of specific jobs affected by digital technologies and the
demand for these jobs (that is being created by companies).
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The performance of a certain work and its quality is influenced not only by the knowledge and competencies, but
also by the skills that the workforce has or should have at its disposal. The digital transformation creates a
demand for knowledge and skills in two lines. The first line concerns the production of products such as software,
websites, e-commerce and e-business systems, cloud technologies and big-data analytics. The production of these
products requires a comprehensive knowledge of ICT, which is specific and related to the programming,
application development and management of telecommunications and computer networks. The second line points
out that workers in a wide range of occupations need to acquire general ICT skills in order to be able to use these
technologies in their daily work. Taking into account both lines of demand for specific and general knowledge
and skills, this demand should be met by supply created by a highly skilled workforce. Graduates who will be
employed as scientists, engineers and ICT professionals will form and also form the core of the demand for a
highly qualified workforce. These graduates will be primarily university graduates who have studied the fields of
natural sciences, mathematics and statistics, information and communication technologies and technology,
production and construction, where there is a presumption that these fields of study with their curriculum are
capable of preparing these graduates for specific jobs as scientists, engineers and ICT professionals (OECD
2020). Therefore, individual indicators relating to graduates of a given fields of study, which are included in the
Digital economy scale index, are categorized under another dimension, which is called the skills.

As in the case of individual indicators for the dimension of economy, indicators of dimensions’ work and skills
express the extent to which the values of individual indicators contribute to their overall values at the state level.
By determining the share of the values of individual indicators in the total values of indicators at the state level, it
will be possible to compare countries with each other, regardless of their geographical, population and economic
scale.

By knowing the development of the values of Digital economy scale index, it is also possible to assess the
potential over time. Development of values of the index points out to the long-term potential of the digital
economy to be a significant part of national economy. Whether this potential is declining or increasing, it is
possible to examine if digital economy will be an important part of the overall economy of the state or not.

The choice of individual indicators for Digital economy scale index was influenced by the fact that not all
indicators can be quantified for all 19 countries for a period of eleven years. It should be emphasized that there are
a number of individual indicators that could complement Digital economy scale index. Therefore, proposed set of
individual indicators is a set of selected individual indicators. Individual indicators include in the Digital economy
scale index are listed in Table 1.

Individual indicators were derived from databases OECD STAN, OECD National Accounts, OECD Information
and Communication Technology, OECD Education and Training, UNCTAD Information Economy, Eurostat
Digital Economy and Society, Eurostat Education and Training. On many occasions the data for particular year or
country were missing. These data were refiled using the linear regression method with which the values of
individual indicators were predicted. If it was possible, some missing data were replaced. For example, data in
some countries were missing for ICT investments, but data for investments in machinery (which ICT investments
is a part of) were available. Therefore, ICT investments were, for some countries, substituted by investments in
machinery. Another instances of missing data occurred due to the changes in methodology of measurements. This
was the case of individual indicators of dimension skills where two different classifications of education had to be
used (ISCED 1997 and ISCED 2011).
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Table 1. Individual indicators of index of the scale of the digital economy.

Dimension Individual indicator

Share of value added of the ICT sector and high digital intensity industries on GDP (%)

Share of ICT investment on GDP (%)

Economy Share of imports of ICT products on total imports (%)
Share of exports of ICT products on total exports (%)
Share of employment in ICT sectors and high digital intensity industries in total employment (%)
Labour Labour productivity in the ICT sector and the high digital intensity industries (millions of €)
Share of employees performing ICT specialist work in total employment (%)
Share of companies looking for ICT specialists on the total number of companies (%)
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
Index of the number of graduates with master’s degree of all university study programs (%)
digital Share of graduates with doctoral degree of natural sciences, mathematics and statistics to the total
economy scale 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 (%)
Skills 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 (%)

Source: Authors.

3.2 Normalization

As we can see in table 1, Digital economy scale index is compiled out of 17 indicators. Almost all of them are
expressed in the same unit of measure except for the individual indicator of labour productivity in the ICT sector
and high digital intensity industries. This means that values of individual indicators had to be normalized. For the
needs of normalization, the Min-Max method was used. Min-Max method normalizes all individual indicators so
that their values range from 0 to 1.

Each individual indicator xqc' for the country ¢ at time t was transformed to lq¢' — the normalized value of the
individual indicator g for country c at time t where¢g =/, ... ,Qandc =1, ... ,M.

Formula which we used for calculation of normalized value is:

= x5 o —ming(x}) 100
¢ max,(x}) — min,(xt)

In this formula minc(xy") and maxc(xq") are the minimum and maximum values of individual indicators Xq' across
all countries c at time t. Values of Iqc' are in percentages. For all individual indicators Iy , the higher their
measured value, the more favourable their measured result. Therefore, values converging to O are expressed by
minimum mine(X4") and values converging to a value of 1 by maximum maxc(x,') .
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3.3 Weighing and aggregation

After normalization of the values of individual indicators of the Digital economy scale index, it was necessary to
recalculate these values with the assigned weight. Why we used weight in our calculations? The real values of
some indicators may be greater than the values of other indicators. We perceive all individual indicators equally.
That’s why normalized values of individual indicators were multiplied by the weight v which was calculated as a
percentage of each individual indicator on the total number of 17 individual indicators:

1 1 1
V=o—%100 = =———* 100 = — = 100 = 5,882
i1 Xi ) 1121 Xi ) 17 "

It should be added that, recognizing the limits of the equal weights of each individual indicator, not all dimensions
have the same share in the total value of the composite indicator. The recalculation of the weights by determining
the same proportions for each dimension represents an option for modifying the Digital economy scale index.

Values expressed by multiplication of the normalized value of an individual indicator I with weight v were
aggregated into the final value of the Digital economy scale index for country c at time t:

n 17
ISDEz = zlg_ci * U :Zh;,ci * 5,882
i=1 i=1

4. Results

The values of the Digital economy scale index in percentages are presented in Table 2. Heat map used in this table
graphically differentiates values from each other to distinguish those countries in which the scale of the digital
economy is larger or smaller. Used heat map is based on a four-point scale in which the measured percentages are
divided into four groups. The four-level scale groups were set up according to the scale of the digital economy.
This scale is at low, medium low, medium high or high level. Countries are not naturally at the stage of complete
or rather 100 % digital transformation. Respecting this fact, the values of the specified intervals, divided on a
scale into four groups, are based on the measured values of the Digital economy scale index for each country and
each year. The first group should consist of values, highlighted in white, from the range from 0 to 15%. No values
for this interval were measured and therefore there are no such highlighted values in the table. The second group,
highlighted in light grey, consists of values ranging from 15% to 30%. The third group, highlighted in light blue,
consists of values from 30% to 45%. The fourth group, highlighted in dark blue, includes values from the range of
45% to 60%.

According to the measured values of the Digital economy scale index there are five countries — Czech Republic,
Estonia, Finland, Luxembourg and Germany — where a high level of the digital economy was measured in year
2018. In countries such as Luxembourg and Germany, the scale of the digital economy has been high for a long
time. In Finland, between 2011 and 2015, there was some decline in the scale of the digital economy, but
ultimately its scale is high. Estonia has seen continuous growth of its the digital economy. While in 2008 it was at
the level of 38.77% and its scale was medium high, in 2018 it already has a value of 47.56% and its scale is at a
high level. In the Czech Republic, a gradual growth of the digital economy was recorded, and while in the years
2008 to 2017 its level was moderately high, in 2018 its level is already high. For the measured lower values, the
medium scale of digital economy for year 2018 was in countries such as Latvia, Lithuania, Portugal and Spain. In
Latvia, Lithuania and Portugal the scale of the digital economy has long been medium low. Portugal is the
opposite of Estonia. In 2008, the scale of its digital economy was at a medium high level, reaching 39.07%. In ten
years, the scale of Portugal's digital economy has steadily decreased by 11.29% to 27.78%. Significant decline for
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Portugal was recorded between years 2011 and 2012. The same is true for Spain, where between 2011 and 2012
there was a significant decline in the scale of its digital economy. In other countries, such as Belgium, Denmark,
France, Netherlands, Hungary, Poland, Austria, Slovakia, Slovenia and Italy, the scale of the digital economy was
recorded at a medium high level.

Table 2.The heat map of the digital economy scale index

State 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Belgium 34.13 34.06 33.82 34.99 33.47 31.76 3231 31.25 30.36 30.00 33.93
Czech Republic 43.98 44.19 42.95 41.48 41.99 42.67 44.15 41.70 4221 47.33
Denmark 36.63 37.54 36.53 38.23 38.52 38.64 37.97 38.52 40.04 41.41
Estonia 38.77 34.30 40.49 40.80 43.64 49.60 47.56
Finland 50.00 46.47 46.27 \ 43.63 42.39 4291 46.60
France 44.06 43.79 43.90 41.30 38.66 40.43 40.20 41.05 40.50 40.55 42.21
Netherlands 33.50 33.37 29.30 37.19 38.62 36.04 37.38 36.96 39.56 38.93 42.00
Latvia 21.24 20.84 27.81 26.81 29.51 26.73 31.16 30.60 29.23 26.11 27.52
Lithuania 26.18 24.71 22.99 23.95 24.01 22.61 23.67 20.83 20.42 27.35 25.95
Luxembourg 6 4 8 8 4 44.67 42.55 42.30 48.8 43.68 6
Hungary 33.13 33.86 39.24 37.32 33.21 35.91 36.21 34.40 36.16 35.32 37.78
Germany 46.40 4427 46.9 47.8 44 0.64 0.4 49 48.24 0.28
Poland 32.00 31.24 31.20 30.54 30.63 28.50 29.85 30.64 31.00 30.60 30.31
Portugal 39.07 35.41 31.20 3211 26.93 28.13 29.05 26.66 29.44 27.67 27.78
Austria 43.53 43.93 42.70 43.57 39.33 40.37 43.91 40.40 41.97 38.78 39.85
Slovakia 36.63 36.83 35.69 35.28 34.83 35.45 34.70 35.23 36.34 34.38 34.76
Slovenia 24.38 23.16 25.12 23.36 26.99 29.94 31.43 27.97 23.60 29.77 31.70
Spain 34.20 33.56 37.90 33.42 27.24 32.99 31.32 32.71 29.26 25.35 27.22
Italy 27.23 28.72 28.76 29.35 26.20 30.63 29.46 33.63 31.99 30.09 31.90

Source: Authors.

Taking into account the fact that not all countries are equal in terms of its wealth, the assumption arises that the
scale of the digital economy should be higher in those countries that are more economically developed and have a
higher GDP per capita. The opposite is true, countries across Europe are differently grouped according to the size
of the digital economy.

Among the countries, Luxembourg, Germany, Czech Republic and Finland are the leaders in terms of scale of
their digital economy, placing themselves at the top almost every year. Estonia is also a leader, where the scale of
its digital economy had grown to such an extent that since 2012 it has been one of the countries for which the
highest values of Digital economy scale index were measured. There was also a significant shift in Netherlands,
where continuous growth has also been recorded. On the contrary, the countries with the smallest scale of the
digital economy have long been Lithuania, Latvia, Portugal and Spain. In other countries, there were no
significant shifts in their position.

We may ask ourselves: Was there no fundamental shift due to the fact that the scale of the digital economy in all
countries had grown or fell? The evolution of the measured values of the Digital economy scale index, presented
in Table 3, show us how the values of the Digital economy scale index had changed over the examined time
period. The largest progress was recorded in Estonia. In Estonia, as it was mentioned, the scale of the digital
economy grew to such an extent over the time (+ 8.79%) that it is one of the leaders in terms of the scale of
Digital economy. The same applies for the Netherlands, which digitally grew from 2008 to 2018 by 8.51 % into a
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country where relatively large value of the Digital economy scale index was measured. High growth also occurred
in Slovenia and Latvia, where the scale of the digital economy grew by 7.32% in Slovenia and by 6.28% in
Latvia. Growth was also measured in Italy, Hungary and Denmark, with each of these countries growing by more
than 4.5% in the scale of their digital economies. In the Czech Republic and Germany, digital economy risen by
more than 3% in its scale.

Table 3. Changes in the values of the digital economy scale index for a selected period of time

State 2008 2018 2018 — 2008
Belgium 34.13% 33.93% -0.20 %
Czech Republic 43.98 % 47.33 % 3.35%
Denmark 36.63 % 41.41 % 4.77 %
Estonia 38.77 % 47.56 % 8.79 %
Finland 50.00 % 46.60 % -3.4%
France 44.06 % 4221 % -1.85%
Netherlands 33.50 % 42.00 % 8.51 %
Latvia 21.24 % 27.52 % 6.28 %
Lithuania 26.18 % 25.95 % -0.23 %
Luxembourg 53.62 % 52.56 % -1.06 %
Hungary 33.13% 37.78 % 4.65 %
Germany 46.40 % 50.28 % 3.88 %
Poland 32.00 % 30.31 % -1.69 %
Portugal 39.07 % 27.78 % -11.29 %
Austria 43.53 % 39.85 % -3.67 %
Slovakia 36.63 % 34.76 % -1.88 %
Slovenia 24.38 % 31.70 % 7.32%
Spain 34.20 % 27.22 % -6.98 %
Italy 27.23% 31.90 % 4.67 %

Source: Authors.

The scale of the digital economy decreased most markedly in Portugal (-11.29%) and Spain (-6.98%). More than
3% declines were recorded in Finland and Austria. In Slovakia and France, the decline was at -1.85% in Slovakia,
respectively -1.88% in France. The decline was also recorded in Poland and the digital economy of Poland fell by
-1.69%. There was a relatively small decline in countries such as Belgium, Lithuania and Luxembourg. In
Belgium it was a decrease by -0.20%, in Lithuania by -0.23% and in Luxembourg by -1.06%.

In Estonia and the Netherlands, it can be assumed that the potential of digital technologies had been exploited to
such an extent that the digital economy had grown significantly over the years. Conversely, in Portugal and Spain,
the potential of digital technologies has been exhausted at some point. The scale of the digital economy declined
along with the decline of potential of digital technologies.

From the point of view of the dimensions forming the Digital economy scale index, it is possible to see in which
specific areas the biggest changes took place (Table 4). In the case of Belgium and Lithuania, there was a small
decline in the overall scale of the digital economy (up to -0.3%). Belgium's digital economy shrunk due to a
decline in the share of the skills dimension. In the case of Lithuania, the impact of the labour dimension on the
overall scale of the digital economy declined.
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In countries where the scale of the digital economy decreased to -2%, the share of the labour dimension decreased
in Poland and Slovakia. In France and Luxembourg, there was a decline in the proportions of dimensions of
labour and skills. In Finland and Austria, where the scale of the digital economy fallen up to -4%, the share of the
impact of the labour dimension decreased. In addition to the labour dimension, the impact of the economic
dimension declined in Finland and the impact of the skills dimension declined in Austria. Decreases in the range
of -4% to -12% occurred in Spain and Portugal. In these countries, in particular, the skills dimension declined. It
was followed by the economic dimension, and Portugal also saw a decline in the labour dimension.

Table 4. Shares of dimensions in the total value of the digital economy scale index

2008 2018 Differences
State Economy Labour Skills Economy Labour Skills Economy | Labour Skills
Belgium 2.94% 13.20% 17.99% 3.21% 15.97% 14.75% 0.28% 2.77% -3.24%
Czech Republic 10.38% 7.13% 26.47% 14.22% 6.47% 26.64% 3.85% -0.66% 0.17%
Denmark 3.60% 14.54% 18.49% 4.49% 13.48%  23.44% 0.90% -1.07% 4.94%
Estonia 4.20% 6.63% 27.94% 7.34% 7.19% 33.04% 3.14% 0.56% 5.10%
Finland 8.62% 15.77% 25.61% 3.71% 14.78% 28.12% -4.91% -0.99% 2.51%
France 4.06% 10.72% | 29.27% 4.56% 9.86% 27.78% 0.50% -0.86% -1.49%
Netherlands 9.69% 10.72% 13.09% 11.15% 16.42% 14.43% 1.46% 5.71% 1.34%
Latvia 2.82% 5.90% 12.53% 6.78% 1.11% 19.64% 3.96% -4.79% 7.11%
Lithuania 1.29% 5.16% 19.73% 2.45% 2.82% 20.68% 1.17% -2.35% 0.95%
Luxembourg 6.75% 2239%  24.49% 7.26% 2163%  23.67% 0.51% -0.76% -0.81%
Hungary 14.00% 11.45% 7.68% 10.74% 8.21% 18.83% -3.26% -3.25% 11.16%
Germany 6.40% 12.27%  21.73% 7.19% 9.88% 33.21% 0.79% -2.39% 5.48%
Poland 9.99% 5.77% 16.24% 11.73% 1.93% 16.64% 1.74% -3.83% 0.40%
Portugal 5.13% 5.29% 28.65% 2.90% 3.98% 20.90% -2.23% -1.31% -7.76%
Austria 3.52% 11.44% | 28.56% 3.65% 9.02% 27.19% 0.13% -2.43% -1.38%
Slovakia 10.26% 7.82% 18.56% 12.05% 3.28% 19.43% 1.79% -4.54% 0.87%
Slovenia 2.30% 7.52% 14.56% 1.97% 6.83% 22.90% -0.34% -0.69% 8.34%
Spain 3.23% 9.20% 21.77% 2.18% 8.84% 16.20% -1.05% -0.36% -5.57%
Italy 3.31% 7.44% 16.48% 3.60% 6.45% 21.86% 0.29% -1.00% 5.38%

Source: Authors.

The increase in the scale of the digital economy at the level of up to 4% was in the Czech Republic and Germany.
In the Czech Republic, the dimension of economy was the main contributor to growth. In Germany, it was a skill
dimension. Growth in the scale of the digital economy in the range of 4% to 7% was recorded in Hungary,
Denmark, Latvia and Italy, where the skills dimension in particular contributed to this growth. In the case of the
Netherlands, Estonia and Slovenia, growth in the scale of the digital economy was above 7%. The skills
dimension in Estonia and Slovenia in particular contributed to this growth. In Estonia, the scale of the economy
dimension also played a relatively high role in the scale of its digital economy. The scale of the Dutch digital
economy was influenced by all three dimensions, and the labour dimension contributed most to this growth.

According to the measurements the dimensions and the scale of digital economy changed across all countries. But
what is the prospect for the future? The answer is to examine the development of year-on-year differences in the
measured values of the Digital economy scale index (Table 5). The development of values is expressed by the
regression coefficient a. Regression coefficient determines the slope of the regression line and shows the trend.
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The growth of the scale of the digital economy over time, expressed by a positive non-zero value of the regression
coefficient a, represents the potential for increasing the scale of the digital economy and thus its impact on the
economy of a certain state. On the contrary, its decline, expressed by the negative value of the regression
coefficient a, indicates the potential for reducing the impact of the digital economy on the state economy. If the
value of the regression coefficient converges to zero, it is possible to speak of a very low or almost zero potential
for changing the impact of the digital economy on the state economy.

It should be noted that column names in Table 5, expressed as the two digits of the years surveyed, represent the
annual periods that were the subject of the survey. The values given in Table 5, except for the column with the
values of the regression coefficient a, are expressed as a percentage.

Table 5. Prediction of the growth of the scale of the digital economy

State 08/09 09/10 10/11 11/12 12/13 13/14 14/15 15/16 16/17 17/18 a
Belgium -0.20 -0.72 3.46 -4.34 -5.12 1.73 -3.29 -2.85 -1.17 13.11 0.0058
Czech Republic 0.48 -2.81 -3.43 1.24 1.61 3.47 -5.55 1.22 3.03 8.84 0.0073
Denmark 247 -2.69 4.66 0.75 0.31 -1.74 1.45 3.96 -1.53 5.01 0.0022
Estonia -11.5 18.04 0.76 6.96 6.39 -2.16 -3.71 14.21 -0.70 -4.10 -0.002
Finland -7.05 -0.44 -5.70 -2.83 3.47 1.67 -0.25 241 -5.82 8.60 0.0091
France -0.62 0.26 -5.91 -6.40 4.58 -0.57 2.13 -1.36 0.14 4.08 0.0051
Netherlands -0.38 -12.2 26.95 3.84 -6.69 3.72 -1.12 7.04 -1.59 7.88 0.0027
Latvia -1.88 33.44 -3.60 10.09 -9.44 16.57 -1.81 -4.45 -10.7 541 -0.016
Lithuania -5.62 -6.98 4.20 0.26 -5.82 4.66 -12 -1.99 33.91 -5.09 0.0142
Luxembourg 3.20 -3.53 -0.96 2.36 -17.5 -4.75 -0.60 15.49 -10.6 20.35 0.0116
Hungary 2.19 15.90 -4.91 -11 8.11 0.85 -4.99 5.11 -2.31 6.95 -0.001
Germany -4.60 5.96 1.97 11.73 -5.23 1.80 -2.22 -2.10 -2.24 4.23 -0.002
Poland -2.36 -0.14 -2.10 0.27 -6.94 4.73 2.64 1.19 -1.30 -0.93 0.0024
Portugal -9.38 -11.9 2.89 -16.1 4.46 3.27 -8.24 10.43 -5.99 0.38 0.0115
Austria 0.93 -2.80 2.03 -9.73 2.64 8.77 -1.97 3.89 -7.62 2.78 0.0002
Slovakia 0.55 -3.11 -1.13 -1.28 1.76 -2.10 151 3.15 -5.38 1.09 0.0009
Slovenia -5.00 8.47 -7.00 15.52 10.92 5.00 -11 -15.6 26.16 6.48 0.006
Spain -1.87 12.92 -11.8 -18.5 21.12 -5.07 4.45 -10.5 -13.4 7.36 -0.003
Italy 5.49 0.13 2.03 -10.7 16.93 -3.83 14.14 -4.86 -5.96 6.05 -0.001

Source: Authors.

According to the values in Table 5, the scale of the digital economy could potentially grow in countries such as
Lithuania and Portugal. Both countries show greatest potential for further growth. Relatively high potential for
growth in the scale of the digital economy was also recorded in Luxembourg. If we look back, for these three
countries, the scale of the digital economy has declined over time (Table 4). But the outlook is positive, which
may indicate that some impulses might have been created to increase the potential of digital technologies.

In the case of Luxembourg, the measured positive potential might mean an increase in the scale of the digital
economy. This also may lead to the rise of digital economy’s impact being further strengthened. Luxembourg’s
digital economy may be gradually forming an integral part of the Luxembourg overall economy. In the case of
Lithuania and Portugal the measured potential may not only lead to growth of the impact of the digital economy
on their national economies but might even potentially change from medium to medium high.

The same situation as in Lithuania, Portugal and Luxembourg occurred in Belgium, Finland, France, Poland,
Austria, Slovakia and Italy. Scale of digital economies of these countries declined over time, but the outlook is
positive and potential for the growth of the digital economy emerges. Digital economy of these countries may
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grow its influence on the national economies. The potential of digital technologies, which was exhausted over the
years, received further impulses, which may lead to the gradual growth of the scale and level of the digital
economy of these countries.

In the case of the Czech Republic, Denmark and Slovenia, the digital economy grew. At the same time, a positive
value of the regression coefficient a was recorded for all three countries, which suggests that there is potential for
the scale of the digital economy of these countries to continue to grow.

The highest value for the potential decline in the scale of the digital economy was recorded in Latvia, a country
where the scale of the digital economy is at a medium low level. While the scale of the digital economy had
grown over the years in this country, the scale of the digital economy can be expected to decline in the future. The
measured decline may indicate that the potential of digital technologies was fulfilled and has not received further
impulses, so in the future it is possible to expect a decline in the scale of the digital economy and its impact on
Latvia's national economy.

In the case of Estonia and Germany, it can be stated that both countries are leading countries with a high level of
digital economy. In examined time period, their digital economy grew. The potential of digital technologies had
been fulfilled and had not received any new impulses. Therefore, a slight decline in the scale and impact of the
digital economy in the national economies of Estonia and Germany can be expected in the future. The same
situation as in the case of Estonia and Germany occurred in Netherlands, Hungary and Italy, where the potential
of digital technologies did not receive a new impulses and it is possible to expect a decline in the scale and impact
of the digital economy on their national economies.

Conclusions

The digital economy, which is the product of application of digital technologies and subsequent digital
transformation of business, is becoming one of the bearers of economic growth. That’s why the measurements of
digital economy are needed more than ever before.

There are several approaches to measure digital economy. One option is in the use of specific individual
indicators. However, the digital transformation is not a one-dimensional phenomenon. Therefore, another
possibility to measure digital economy is in the composite indicators, which are directly used for the needs of
studying multidimensional phenomena. Currently, there are a number of individual indicators and composite
indicators that can measure the digital economy. Therefore, the question was formulated in this article: Are there
other ways to measure the digital economy?

Taking into account the theoretical basis and analysis of the possibilities of measuring the digital economy, the
Digital economy scale index was proposed, created and measured. After these measurements we can say that the
values of index can represent a certain basis for formulating the policies focused on the dimensions of the
economy, labour and skills. These policies can contribute to the development and growth of individual indicators
forming the Digital economy scale index.

If the scale of the digital economy (through the Digital economy scale index) is high, it means that the digital
economy’s share in certain state can grow. This can ultimately lead to the growth of the state’s entire economy.
Conversely, if the level of its scale is low, the impact of the digital economy in the state decreases. If the state’s
economy grows, the digital economy may not contribute to this growth.
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The scale of the digital economy varies across the examined countries. An interesting finding is the fact that the
scale of the digital economy is not conditioned by the geographical or economic scale of the state. By scale, the
digital economy is at a high level in countries such as the Czech Republic and Estonia. On the contrary, it is at a
medium low level, for example in Spain.

In countries where the positive value of the regression coefficient of year-on-year differences was measured, there
is potential for future growth of the digital economy and thus growth in its overall impact on the state’s economy.
Where a negative value of the regression coefficient was measured, there is a potential for a decrease in the scale
of the digital economy and thus a decrease of its impact on states economy.
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