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Abstract. The paper characterizes the specifics of the impact of
digitalization processes on such an indicator as GDP per capita: case study
of the European Union countries. The literature dedicated to the matters of
the relationship between digitalization and economic growth is reviewed.
Based on the statistical data, a regression model is built to determine the
dependencies between the GDP of European Union member countries and
the economic digitalization indicators. An equation formed in the research
can be used to demonstrate the dependence between GDP per capita and
the accessibility of information and communications technology and its
usage by organizations, households, and private persons in the territory of
the European Union. According to the result obtained, the following
possible options were formulated for the development of the European
Union economies concerning digitalization: stimulating the introduction of
information and communications technology in enterprises (including tax
incentives for the firms involved in entrepreneurial digital development, as
well as growing investments in the existing assets), households (increasing
trust of the population in digital products; increasing human capital, which
is highly demanded by the digital economy; prospects of the electronic
postal trade system); focus on the export of high-tech products.

1 Introduction

Today, the digitalization of the economy is one of the key trends in the economic systems
of many countries. Having an impact on production, distribution, exchange, and
consumption, digital transformations make a considerable contribution to GDP and,
correspondingly, influence the values of GDP per capita. As a rule, digitalization results in
the above indicators' growth due to the increased efficiency of production activities. Digital
transformations accelerate such processes as automation and robotization, which are
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accompanied by an essential update of fixed assets, reduce the share contributed by the
labor factor in economic growth, and increase capital contribution practically in all spheres
of the economy. In this study, digitalization refers to implementing digital technologies in
commercial organizations, state, and public institutions.

Digitalization impacts production growth in all sectors of the economy, but especially
on the growth rates of the financial, transport, and construction sector. It also has a positive
effect on the efficiency of processing industries. In case the volume of investment is
sufficient, digitalization becomes an essential factor of economic growth [1]. Today,
digitalization is a priority area for the development of innovation processes in the world's
countries as it ensures national and economic competitiveness.

Digitalization plays a unique role in the economic development of the European Union
(EU). The European Union is one of the world centers for innovative development and
digitalization introduced in the production processes, which has a considerable effect on
forming the GDP of the European countries. Digitalization plays a unique role in the
economic development of the European Union (EU). The European Union is one of the
world centers for innovative development and digitalization introduced in the production
processes, which has a considerable effect on forming the GDP of the European countries.
The drivers of digitalization in the European Union are strategic programs in this area, a
significant amount of funding, and countries' effective innovation policies. The choice of
the European Union as the object of research is since this region is one of the leading in the
world in the context of digitalization of economic activity.

In 2019, the EU's GDP was estimated at 14 trillion USD [2], which amounts to
approximately 22 % of the world GDP. But the contribution of the countries in the
formation of GDP is different. The share of the member countries in the formation of the
EU GDP is shown in Figure 1.
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Fig. 1. The share of some EU member countries in the total volume of GDP of the EU, 2019, %.
Author’s Analysis, 2020.

The countries of the European Union pay a lot of attention to the development of the
digital economy because, in the majority of these countries, they have a strategic
understanding of the fact that the future level of economic development of a region depends
on how efficiently enterprises are going to use digital technology. In general, we should
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note the growth of GDP per capita in the European Union over the past ten years, which is
due, among other things, to active digitalization processes (Figure 2).
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Fig. 2. Dynamics of GDP per capita in the European Union as a whole, USD, World Bank. Author’s
Analysis, 2020

However, there is a rather big gap in technological development between different EU
member countries. According to The Entrepreneurship 2020 Action Plan, the EU countries
defined digital transformation as the key driver of economic development.

Despite the significance of the digital economy for economic development, it is worth
agreeing with the authors' opinion, who said that no reliable or universal methodology had
been created so far to correctly calculate value-added, formed by the digital economic
participants' activities [3]. It is an essential restrictive factor for evaluating statistical data
and analyzing countries' macroeconomic policy both inside and outside the European
Union.

This research aims to study the impact made by the economic digitalization indicators
on the country's GDP per capita. To achieve this aim, the following objectives were reached
in the course of the research:

1. the list of factors affecting the GDP per capita of the EU countries was defined;

2. methodology was offered for studying the trends in GDP per capita of the EU member
countries changing due to economic digitalization;

3. a model showing dependence between the GDP of the EU member countries and
economic digitalization indicators was built and, as a result, a multiple regression
equation, describing this connection, was formed;

4. recommendations were suggested to improve the interaction between economic entities.
To form the initial list of factors related to digitalization and affect the change in GDP

per capita in the EU countries, theoretical sources were reviewed. The specific features of

digital technology's effect on economic and social development were analyzed in a whole
set of works [4, 5, 6, 7, 8, 9, 10, 11]. These studies note that the main factor ensuring
significant growth of the digital sector of the economy is a growing number of transactions

using information channels in all spheres [12].
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The issues of state policy aimed at supporting digitalization were considered in the
works [13], who note that state regulation of the innovation sphere must remain at an
insignificant level because in this case a positive effect is formed for investments.
Investments are a significant factor in digitalization and its positive influence on GDP. In
the authors' opinion, digitalization's positive effect is achieved due to the correction of
collapses on the market and the protection of investors' interests.

The matters related to investing in digitalization are considered [15, 16, 17]. It is noted
that investing in the sphere of innovative development has a more significant effect on the
GPD of the developed countries in comparison to the developing ones. The two-factor
analysis carried out by the above researchers shows that investments into technology
positively correlate with industry development indicators in certain types of clusters.
Simultaneously, it is emphasized that investments into technology can also be destructive
and ineffective if procedures aimed at managing the changes are irrational.

The study considers the dependence of economic growth on information infrastructure
and investments into venture capital that ensures alternative financing of innovative, hi-
tech, and high-risk firms, which stimulates economic growth and development of highly-
innovative firms [18]. There is a study that highlight the importance of broadband access to
the Internet for the digital economy and focus on the impact made by blockchain
technology on the growth in production and GDP [19, 20].

In the research, GDP is taken into account as a significant tool for measuring the impact
of digitalization. Study the effect of e-commerce and R&D investments on GDP and
productivity, the impact of digitalization on individual aspects of GDP formation [21]. In
particular, consumption and distribution are considered in work [22]. However, not all
researchers are unanimous in applying GDP as a measurement tool to evaluate the digital
economy's efficiency. For instancep, we point out that the development of information
technology, as a rule, make prices for this technology grow due to the development of new
functional capabilities [23]. Simultaneously, the Internet's promotion reduces prices for the
technology because of such characteristics as the provision of information free of charge,
easy copying, and mass standardization. In the end, marginal productivity goes down in the
leading information companies. To compensate for this reduction, new unique services
must be rendered, and even though they are not necessarily recognized in GDP, they
measure economic value.

Noted that methodologies for evaluating the effect of digital technology at the
macroeconomic level raise a lot of doubts [3]. The data on enterprises operating in the
sphere of information technology are used as estimate indicators. However, this sphere is
just a means of production for other sectors. This industry is only involved in producing
technical means used by firms operating in other sectors for e-banking transactions, e-
commerce transactions, etc.

It is also noted that there are some constraints in using GDP for measuring the progress
of the digital economy due to the reduction in labor productivity in some industries [9].
These works also highlight the possibilities of accounting for factors that affect GDP in the
digital economy [8].

Summarizing this section, it should be mentioned that the above digitalization factors
have their specifics and features affecting GDP.

2 Method

The classical methodology of regression analysis is used in the research. This
methodology implies that the future regression model's endogenous and exogenous
variables are defined in the first stage. GDP per capita is the crucial indicator of the
country's economic development and standard of living. This indicator is an exogenous or
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dependent variable. Independent variables are investments in venture capital, access to
Information and Communications Technology (ICT) and its use by enterprises, access to
ICT and its use by houscholds and private persons, the share of individuals using the
Internet, the share of individuals having an account, safe internet-servers, postal service
trust index, e-commerce index, international trade of ICT services, e-government
development index.

The e-government development index is a composite indicator and includes the
coverage and quality of online services, the development level of the ICT infrastructure,
and human capital. The final set of variables is presented in Table 1.

Table 1. The final set of variables for the regression model establishes dependencies between the EU
member countries' GDP and economic digitalization indicators.

No. Variable Type of Designation Measurement
variable units
1. GDP Endogenous Y bil. $
variable
Investments in Exogenous
2. venture capital variable X1 thous. §
Accessibility of ICT Exogenous
i 0,
3. and its use by variable X2 %
enterprises
Accessibility of ICT
and its use by Exogenous o
4 households and variable X %
private persons
5 Share of population Exogenous X )
' using the Internet variable !
Share of the EXOQENOUS
6. population having an 9 Xs %
variable
account
7 Safe internet-servers Exogenous X )
' (standard) variable 6
Postal service trust Exogenous
8. . . X7 -
index variable
9. E-commerce index Exogenous Xs -
variable
The volume of EXO0QENous
10. international trade of 9 Xo mil. $
. variable
ICT service
11 E-government Exogenous X1 )
development index variable

Regression analysis was chosen for this study, as it allows: (1) to determine the degree
of the determinism of differences in the values of the dependent variable in different
observations of the independent variable, (2) to predict the values of the dependent variable
using the independent variable, (3) to determine the contribution of individual independent
variables to variation dependent. The quality of the model is evidenced by several vital
analytical indicators:

1. The coefficient of determination (R?) is used to assess the linear relationship's quality
and reliability, calculated as the squared correlation coefficient. It is assumed that the
coefficient of determination should be at least 50%.

2. P-level is an indicator, the value of which reflects the probability of error when the
null hypothesis is rejected—defined for each of the independent variables. This figure
should not exceed the difference between 100% and the assumed level of confidence
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in the model results, usually 90%, 95%, or 99%. Therefore, the P-level should not
exceed 10%, 5%, or 1%, respectively.

3. The approximation error is used to assess the quality of the resulting model. The
regression model is considered to be effectively formed and fairly reliably describes
the relationship between the factor and the significant indicator, if the value of the
average approximation error does not exceed 1-10%, depending on the phenomenon
under study.

4. The logical nature of the connection. The direction of the relationship between the
variables is determined based on the sign of the regression coefficient. If the
regression coefficient sign is positive, the relationship between the dependent variable
and the independent variable is considered directly proportional. If the regression
coefficient sign is negative, the relationship between the dependent variable and the
independent variable is inversely proportional.

5. Lack of structural breaks. Structural gaps should be understood as the multidirectional
dynamics of actual Y and theoretical (calculated using the resulting model) Y.

»Verifying the multicollinearity of the researched factors for each model;

* Excluding multicollinear factors.
Stage 1

*Subsequently excluding insignificant factors from the models;
*Re-assessing the parameters of the model;
Stage2  «Conclusions.

+ Assessing the values of the endogenous variables for the period of
the test sample;
*Assessing the quality of the forecast;

Stage 3 .
= *Conclusions.
*Forming a set of proposals aimed at improving the demographic
situation.
Stage 4

Fig. 3. An algorithm for forming the results of the regression model, establishing the dependencies
between the GDP of the EU member countries and economic digitalization indicators.

The algorithm of this research can be represented as follows (Figure 3). The algorithm
is automated using specialized software. In this research, the authors used the Microsoft
Excel program.

3 Results and discussion

3.1 Main results

The countries were selected based on open data. In the final research, the indicators of
23 countries were studied. The European Union, as a whole, as well as individual member



E3S Web of Conferences 211, 04006 (2020) https://doi.org/10.1051/e3sconf/202021104006
The 18! JESSD Symposium 2020

countries, is digitally a well-developed region. This sphere is significantly advanced in such
countries as Germany and France. The primary data source was the international statistical
agency Eurostat.

It is necessary to define the nature of dependence between the endogenous and
exogenous variables at the first stage. The Backwards method was used to select indicators
in the model. The criterion for excluding the model's indicators was the p-level, whose
boundary value was selected as 0.05. The authors carried out six iterations and excluded
insignificant regressors. The result is a pair regression equation:

Y theor=22814xe%00%% X7 + 925.1xex0.04X5+3165.1xXx0.2688 (1)

According to this equation, the GDP per capita of the EU member countries depends on
the proportion of the population using the Internet and the international trade of ICT
services. The determination coefficient is equal to 52%. Figure 4 illustrates the comparative
trends in the actual and predicted result.
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Fig. 4. The trends in the actual and predicted GDP per capita by EU countries. Author’s Analysis,
2020

The model has little structural breaks and one structural spike. This indicator belongs to
Luxemburg. Luxemburg is a well-developed industrial country, which has the highest GDP
per capita in the world, according to the World Bank as of the year 2017.

Having excluded Luxemburg from the sample, the authors obtained the following
model:

Y=2285.1 x 99325 x X, + 1357.4 x X3 80206 + 236.37 x X7 + 14353 + + 1258.4 x Xg—
74488 + 2808.1 x X02761 @)

The determination coefficient is equal to 81%. The equation shows the dependence
between GDP per capita and accessibility of ICT and its use by enterprises, accessibility of
ICT and its use by households and private persons, postal service trust index, e-commerce
index, and the volume of international trade of ICT services. Figure 5 illustrates
comparative trends in the actual and predicted result according to this model.
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Fig. 5. Trends in the actual and predicted GDP per capita by EU countries EC. Author’s Analysis,
2020

As shown in the graph, the predicted values follow the actual ones in a relatively precise
way. No spikes are going outside the limits of confidence intervals. Thus, it can be claimed
that there is a dependence between GDP per capita and accessibility of ICT and its use by
enterprises, accessibility of ICT and its use by households and private persons, postal
service trust index, e-commerce index, and the volume of international trade of ICT
services. Having performed the analysis, the initial theoretical, conceptual model can be
optimized. The final conceptual model is presented in Figure 6.

X5

Fig. 6. The verified conceptual model is establishing dependences between the GDP of the EU
member countries and economic digitalization indicators. Author’s Analysis, 2020

3.2 Discussion
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The built model allows us to conclude that the digitalization of the economy has a
considerable impact on the GDP per capita. The degree of influence of the considered
factors is illustrated in Figure 7.
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Fig. 7. Elasticity coefficients of the considered factors. Author’s Analysis, 2020

The results in Figure 6 demonstrate that the most significant factor of digitalization that
affects the growth of GDP per capita is the increase in e-commerce (635%), accessibility of
information and communications technology and its use by households and private persons
(372%), accessibility of information and communications technology and its use by
enterprises (255%), what is proved in other studies [7-9, 23]. Thus, the digitalization of the
economy is affected by a whole crowd of factors, which are considered, in particular, in
work [24]. This research also highlights the digitalizing economy's fundamental
technologies as the Internet of Things and Big Data. These technologies are critical because
companies with a high digitalization level will have a competitive advantage in the nearest
future. The questions of the spread of digital technology and stimuli for its development
were considered [25]. The factors revealed in the course of the research, such as
accessibility of digital technology and trust in it, which have a significant impact on GDP
per capita on an international scale and in terms of individual countries, are considered [26,
27, 28, 29, 30, 31], which confirms the conclusions made in this paper. The data similar to
this research were obtained based on substantiating the digital divide between countries.
The impact of this divide on the indicators of GDP and GDP per capita is shown in the
works [32].

Together with digitalization, among the factors preconditioning the formation of GDP,
the authors also mention education [32], urbanization, and service [34], and
entrepreneurship [35]. It is noted that well-thought policy in the field of competition,
regulation, protection of intellectual property, and consumer protection can improve the
market indicators of the digital economy [36, 37, 38].

The stable growth of the economy and standard of living of the citizens is a top priority
for national economies. Today, when information acquires a key resource status, the new
paradigm of development is the digital economy. Thus, priority will be given to the
following areas of development:
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1 Stimulating further introduction of information and communications technologies in
enterprises:

-Tax incentives for the firms involved in advanced R&D;

-Increasing investments in the development of the Internet of Things, Big Data, Cloud
Computing;

2 Stimulating further introduction of information and communications technologies in
households:

-Building up the trust of the population in internet services and simultaneously increasing
the safety of these services;

-Increasing the human capital necessary for the digital economy by improving the literacy
of people;

-Developing an accessible and reliable postal system, which is going to be an additional
stimulus for people to purchase goods via the Internet, for developing e-commerce;

3 Focusing on the export of hi-tech products;

4 Implementation of technical recommendations for digitalization in the European Union
(formation of digital business platforms, state digitalized management systems, state
corporations' digital transformation, and companies with state participation).

All these actions aim to digitalize the economy and, correspondingly, at increasing the
efficiency of national economies at the present stage of development. As a result of the
introduction of the suggested recommendations, the digital divide, created by a different
degree of the impact the factors have on the digitalization processes, may be narrowed.
However, due to the same factors, there are possibilities for overcoming the existing divide
between the countries thanks to the fact that the governments of not only the European
Union countries but also other countries intensify their digitalization policy. All these
things ensure growth in labor productivity, improve the competitiveness of firms and goods
on the external market, reduce production costs, stimulate employment, and better satisfy
the needs of the population. If the critical digitalization factors are affected, it may open up
a possibility for speeding up the scaling of free digital processes, eventually leading to a
growth in GDP as a whole and GDP per capita.

Barriers to digitalization in the European Union are gaps in economic well-being
between countries and European integration processes [39], asymmetry in the development
of the information society [40].

4 Conclusion

Thus, in this research, we assessed the impact made by the digitalization of the economy on
the level of economic development and the living standard of this country's population via
the relationship with the indicator of GDP per capita. The statistical models we obtained
allow us to conclude that the different level of economic digitalization explains GDP trends
by country, which is primarily preconditioned by the development of e-commerce. Also,
significant variables are GDP, investment in venture capital, the availability of information
technologies and their use by businesses, houscholds, individuals, the share of the
population using the Internet and having an account, the security of Internet servers, trust in
postal services, the volume of international trade in information services, and the
development of e-government.

To increase efficiency and competitiveness, it is necessary to improve the level of
accessibility of information and communications technology for enterprises, product
manufacturers and service providers, private persons and households, consumers of these
services and goods.

The applied relevance of the results we obtained implies that they can be used in the
practice of state regulation of the economy to identify, assess, and correct the factors that

10
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impact digitalization processes in well-developed countries. A similar regression model can
be formed for developing countries as well, but, in this case, additional factors have to be
considered, such as the degree of transparency of economic processes, the reliability of the
presented statistics, the degree of economic development of the country. The research
perspective can be the study of the prospects and barriers of digitalization, applying the
developed regression model to assess the impact of digitalization on the dynamics of
changes in GDP per capita in other regions of the world (Asia, America).
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