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Abstract	

A number of studies have identified significant differences in the level of digital 
knowledge, skills and competences between regions in Bulgaria, as well as the country 
lagging behind the DESI index values compared to the average for the European Union 
(EU). In this regard, to stimulate the digital transition, the European Commission has 
allocated a budget of a total of 1.6 billion euros, which represents 26% of all funds under 
the Recovery and Resilience Plan of Bulgaria. The latter testifies to Europe’s efforts to 
create conditions for the development of digital technologies in the economy and society 
and their contribution to economic development. The purpose of this paper is based on 
system of indicators and the application of factor analysis, to construct a digitalization 
index by region in Bulgaria as well as to verify the strength and direction of the relation-
ship between the established level of digitalization and GDP by regions. 
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Introduction

Over the past few decades, the entry of new technologies into the economy 
and society has largely changed the nature and scope of a number of activities, 
including: consumption, production, communication, education, payment, etc. 
The extent of the spread of the digitalization process has become even greater 
after the Covid-19 pandemic. After this period of social and economic distance, 
technologies have become the main tool for communication and creating goods 
and benefits for society. They have been integrated into the production, work, 
communication and trade processes and have created a number of changes in life. 
The latter requires profound study and analysis of their impact on the economic 
conjuncture at national and regional levels. In modern realities, the differences in 
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the economic development of countries are largely based on the degree of pen-
etration of digitalization into the economy and society and its added value on the 
growth, standard and quality of life of the population. In addition, recognizing the 
significant role of technology for the individual, the collective and society, Euro-
pean policies are aimed at stimulating the digital transition. For this purpose, the 
European Commission is allocating 1.6 billion euro from the Recovery and Resil-
ience Plan, representing approximately 26% of all funds (Indeks za navlizaneto 
na tsifrovite tehnologii v ikonomikata i obshtestvoto (DESI), 2022, Bulgaria, s. 
5). It is worth clarifying here that the measures that must be taken through the 
financial stimulation of the digital transition in Bulgaria are aimed at digital con-
nectivity and the digitalization of the public sector (Evropeyska Komisia, 2022). 
In addition to the above, in the National Development Program (NDP) Bulgaria 
2030, half of the set national priorities are related to the opportunities for increas-
ing the level of digitalization (Ministersi suvet, 2022). The latter shows the great 
importance of the digitalization process in modern realities, in which society de-
velops and creates value for the economy. In addition, Bulgaria significantly lags 
behind in terms of DESI index values, ranking 26th among the member states of 
the European Union, with only Romania having lower values. This fact, as well 
as the existing regional differences in terms of the level of digital knowledge, 
skills and competences between the regions in Bulgaria, make it necessary to 
implement the goal of this research: based on a system of indicators, to derive a 
quantitative assessment of the level of digitalization by regions in Bulgaria and 
to verify the strength and direction of dependence between the established level 
of digitalization and GDP by regions.

Theoretical and methodological foundations of the study

Level of digitalization and economic growth: a literature review

In the specialized literature, it is important to clarify the categorical apparatus 
related to the process of digitalization. The definition of the essential character-
istics of digitalization was made by the authors G. Faucher and S. Houle, who 
define digitalization as a process through which the use of data, digital platforms 
and artificial intelligence completely transform the production process and in-
teractions with other market entities (Faucher, Houle, 2023, p. 2). In addition, 
the authors emphasize two important features in this definition of digitalization: 
first, the drivers that contribute to the acceleration of the digitalization process 
and second, the impact of digitalization on the efficiency of the economic system 
(Faucher, Houle, 2023, p. 2). Also, authors G. Faucher and S. Houle define that 
the process of digitalization goes beyond the boundaries of the digital economy, 
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including all processes improved through the use of digital technologies (Fau-
cher, Houle, 2023, p. 3). Special attention in the authors’ publication needs to 
be paid to ways of measuring digitalization, which is essential, considering the 
significant role of digital technologies in stimulating the productivity of the econ-
omy (Faucher, Houle, 2023, p. 4). In this regard, authors G. Faucher and S. Houle 
propose three methods for measuring the impact of digitalization on the Canadian 
economy, aimed at extracting information on the value of products produced as 
a result of the action of new technologies; assessing the value of capital used in 
production activities and extracting quantitative information on the transforma-
tion of the labour market in terms of employment and labour productivity (Fau-
cher, Houle, 2023, p. 5). 

According to P. Hellsten and A. Paunu (2020), digitalization is primarily as-
sociated with improving the business processes of an organization, as a result of 
which greater added value is created from decisions already made related to busi-
ness development (Hellsten, Paunu, 2020, pp. 226-233). A widely used definition 
of digitalization associates it with a process of transformation of analog signals 
into digital ones, as a result of which digital technologies enter all spheres of 
publiclife, including the economy (Bloomberg, 2018; Brennen, Kreiss, 2016, pp. 
1-11). The authors K. Sabbagh, R. Friedrich, Bahjat El-Darwiche, M. Singh and 
A. Koster (2013) define digitalization as the process of mass use of connected 
digital devices by consumers, manufacturers and state-owned enterprises, which 
in recent years has been a factor of growth through an easier way of creating new 
jobs (Sabbaghet al., 2013, pp. 35-42). 

It is evident from the definition of the aforementioned authors that the pro-
cess of digitalization is associated with generating economic growth by stimulat-
ing employment. In addition, for several years now, various European strategies 
have been continuously promoting the thesis that technological innovation and 
the achieved level of digitalization are significant factors stimulating productivity 
and growth (ECB, 2021). This argument is also widely supported in M. Draghi’s 
report, which indicates that the difference between the economic growth of the 
USA and the EU is based on lower productivity in European countries. The rea-
son for the lower productivity of the European economy is the weaker develop-
ment of new technologies and the lower level of technological progress (Draghi, 
2024a; Draghi, 2024b). The positive impact of digitalization on productivity is 
also confirmed by the authors M. Gebs and M. S. Nabi (2021), who defend the 
thesis that total factor productivity is improved by the implementation of tech-
nologies in the production process, and hence on growth and employment (Gebs, 
Nabi, 2021, p. 2).

In the last few years, research interest has focused on studying the impact 
of technological progress on economic growth. In this context, the study of the 



Konstantin Kolev, Maya Tsoklinova

282

authors I. Szabóa, K. Ternaia, A. Prosserb and T. Kovácsa (2024) examines the 
contribution of digital technologies to GDP (Szabóa, et al., 2024, pp. 1807-
1814). The study included 1045 small Hungarian enterprises for the period 
2010 – 2018, with the level of digitalization measured using the DESI index. 
The results show that another significant factor, besides financial ones, that has 
a positive impact on the good economic performance of enterprises, and hence 
on economic growth, is the level of digitalization respectively the software 
products used by the companies (Szabóa et al., 2024, p. 1807). In this context is 
the study of R. Ya. Moskalyk and V. A. Balashova (2024), in which they build 
an econometric model with the participation of the DESI index as an indicator 
of the penetration of digital technologies into the economy and society for the 
EU member states for the period 2017 – 2022 (Moskalyk, Balashova, 2024, p. 
55). The results of this study show a significant causal relationship between the 
level of digitalization and the aggregate production created, as a measure of 
economic growth. The authors empirically prove that a 1% increase in the DESI 
index leads to a GDP growth of almost 0.2% (Moskalyk, Balashova, 2024, p. 
55). Such studies are evidence of the important role of digital technologies in 
generating economic growth and stimulating policies that promote the use of 
technological progress in new business models. The relationship between the 
level of digitalization, assessed using various indices, and the achieved eco-
nomic growth in Russia is the subject of research by A. Aleksandrova, Y. Trunt-
sevsky and M. Polutova (2022), who conclude that globally digital technolo-
gies have already created a solid foundation for generating economic growth 
and are perceived as one of the main endogenous growth factors, stimulating 
productivity, quality of services and creating greater utility for market entities 
(Aleksandrova, Truntsevsky, Polutova, 2022, pp. 424-441). 

The introduction of new technologies into the economy and their role in terms 
of economic growth, as an example of an endogenous growth factor, is the sub-
ject of research by R. Rangelova (1999), where the author clearly defines new 
theories of growth, based on technological progress, contributing to the creation 
of increasing returns in the long-term perspective (Rangelova, 1999, s. 3-27). 
The latter is evidence that technologies are an indispensable production factor 
and their presence in growth theories implies continuous research and analysis 
of the economic system, of which they are an element. The degree of impact 
of the achieved level of digitalization on the gross value added in Russia is the 
subject of research by the authors I. L. Rozanova, V. M. Moroshkina and V. G. 
Gienko (2020) (Rozanova, Moroshkina, Gienko, 2020, pp. 235-239). The au-
thors conclude that even a lower level of digitalization in the economy is associ-
ated with a large positive impact on aggregate production in terms of improving 
total factor productivity, stimulating a highly skilled workforce, and stimulating 
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the creation of new markets and innovative production (Rozanova, Moroshkina, 
Gienko, 2020, p. 235). The latter is related to a real process of transformation in 
the specifics of the production function, in which special emphasis is placed on 
the impact of technological progress in improving the productivity of the produc-
tion factors used, and hence on the efficiency of the economic system.

The review of existing literature allows us to conclude that the entry and 
implementation of digital technologies in the economy and society provide an 
opportunity to transform old business models into new ones, with an emphasis on 
improving efficiency. In most studies, the emphasis is placed on the correlation 
between the generation of economic growth and the use of the achievements of 
technological progress. But there are also enough studies in which the research 
interest is focused on the possibility of increasing the level of digitalization to 
stimulate employment and reduce inequality in the distribution of resources 
between individual countries worldwide. This idea was scientifically developed 
by the authors M. Olczyk and M. Kuc-Czarnecka (2022), who, using the DESI 
index, study the possibility of improving the level of digitalization to reduce 
inequality in the distribution of wealth between individual countries, with an 
emphasis on studying the methodological basis for constructing the DESI index 
and its correlation with GDP (Olczyk, Kuc-Czarnecka, 2022, pp. 775-803).

In this regard, Bulgaria significantly lags behind the DESI index values 
compared to the EU average. Figure 1 presents information on the DESI index 
values for Bulgaria and the average DESI index values for the EU for the period 
2017 – 2022. As can be seen from the figure, there is a trend towards an increase in 
the index both for Bulgaria and on average for the EU, with the exception of 2021, 
when a slight decrease of nearly 2% in the index values for the EU was observed. 
During the analyzed period, the DESI index values for Bulgaria significantly lag 
behind the EU average, as in 2022 it was equal to 37.7% for Bulgaria compared 
to 52.3% for the EU, for 2021 –36.6% for Bulgaria and 50.7% for the EU, for 
2020 –36.4% for Bulgaria and 52.6% for the EU. In this regard, despite the 
increase in the DESI index values for Bulgaria, our country has to considerit 
in order to catch up with the other EU countries. In terms of the digitalization 
of the economy, Bulgaria faces serious challenges, requiring continious efforts 
and serious investments in the field of communication infrastructure, digital 
technologies and professional knowledge and skills of the employed. Therefore, 
it is essential to study the relationship between the level of digitalization and 
labor productivity.
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Source: European Commision (2019, p. 14), European Commision (2020, p. 13), European 
Commision (2021, p. 13), European Commision (2022, p. 18).

Figure 1: Dynamics of DESI values for Bulgaria and the EU during  
the period 2017 – 2022

The impact of the achieved level of digitalization on labor productivity and 
hence on economic growth is a subject of great research interest. In this regard, 
the work of M. Bykova, S. Grachev and O. Donichev (2021), in which they ex-
amine the impact of new technologies on qualitative improvements in the pro-
duction factor labor, as a result of which intensive economic growth is generated 
(Bykova, Grachev, Donichev, 2021,pp. 1-8). In the context of the fifth industrial 
revolution based on artificial intelligence, the authors reach results that show the 
importance of digitalization for improving personnel qualifications, which in turn 
is related to the restructuring of the labor market towards the demand for a more 
expensive and more productive workforce (Bykova, Grachev, Donichev, 2021, p. 
6). In conclusion, the emphasis is placed on the contribution of digital technolo-
gies to the production process and their correlation with the generated economic 
growth.

Technological progress is a factor that influences the restructuring of the 
economy, which implies significant efforts to study it in detail and its impact on 
economic processes. In addition, the changes resulting from the use of digital 
technologies have an impact not only at the national level, but also at the regional 
level. In large part of the publications, the authors’ attention is focused on build-
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ing a special toolkit with which each country can collect quantitative and qualita-
tive knowledge about how to manage change as a result of the implementation of 
digital technologies in economic processes, as well as assessing the results of this 
change on economic development. In this context, a significant part of the devel-
opments in recent years are related to assessement the impact of the digitalization 
process on economic growth. For example, L. Török (2024) examines the impact 
of digitalization on the economic growth of European Union member states using 
data from the International Digital Economy and Society Index (I-DESI) over a 
period of six years, using the Pearson coefficient to prove the existence of a posi-
tive relationship between the level of digitalization and the total production gen-
erated (Török, 2024, p. 375). The author proves a positive correlation between 
the digital transition and the gross domestic product of the EU member states, but 
with the clarification that there are differences in the achieved economic growth, 
expressed in the fact that the level of digitalization and the growth of aggregate 
production grow at a faster pace in developed countries and at a slower pace 
in developing ones (Török, 2024, p. 375). L. Török (2024) makes an important 
conclusion, namely that the development and use of digital technologies in the 
economy and society do not contribute to reduction the differences in economic 
development between individual countries in the EU (Török, 2024, p. 375). 

The study of the level of digitalization on economic growth is an important 
topic that needs to be developed not only at the national but also at the regional 
level. This thesis is supported by the authors P. Angelov and S. Zarkova (2021), 
who place the emphasize on the benefits of economic digitalization on the devel-
opment of local government in the context of the electronicization of the pub-
lic sector and the challenges that stand out between individual municipalities in 
terms of the achieved degree of digitalization (Angelov, Zarkova, 2021, s. 24-37). 
The existence of regional differences in Bulgaria regarding the level of digitali-
zation has also been established by the authors V. Boshnakov and M. Kazakova 
(2022), who found that in a number of regions, access to the Internet by the local 
population is extremely difficult, which in turn is a factor discouraging the mu-
nicipal administration from directing efforts towards digitalization of the public 
services supplied (Boshnakov, Kazakova, 2022, s. 42-54). 

The innovative development of regions in the Russian Federation and their re-
lationship with digitalization is the subject of research of the authors S. Demin, A. 
Mikhaylova and S. Pyankova (2022), who, based on an analysis of a significant 
volume of statistical information, identify the main factors contributing to the 
growth of the innovation potential of regions (Demin, Mikhaylova, Pyankova, 
2022, pp. 377-390). The results reached by the authors are related to the fact that 
regions that are characterized as more innovative and have a larger population 
emphasize improving digital communication between regional authorities and 
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society, as part of the concept of digitalization of the economy (Demin, Mikhay-
lova, Pyankova, 2022, p. 387). In addition to the above, as a main conclusion of 
the study, the authors S. Demin, A. Mikhaylova, S. Pyankova, (2022) summarize 
that the most economically developed regions of the Russian Federation are also 
distinguished by the highest level of digitalization, supported by a number of 
programs stimulating the digital transition in specific regions (Demin, Mikhay-
lova, Pyankova, 2022, p. 387). In this regard, the study by N. V. Novikova and 
E. V. Strogonova is an exemple that the digitalization is an endogenous factor of 
economic growth of the national and regional economy (Novikova, Strogonova, 
2020, pp. 76-93). The authors proceed from the thesis that regional growth de-
pends on the achieved level of digitalization and, using information on available 
indices measuring the level of digitalization in the economy, construct their own 
index consisting of 12 indicators characterizing the penetration of digital tech-
nologies into the economy and society for the Ural region, although the study 
focuses on the first measuring stage of the level of digitalization – the construc-
tion of and access to the available communication infrastructure (Novikova, Stro-
gonova, 2020, p. 76). In conclusion, the authors summarize that technological 
progress is the new production factor and without it, greater aggregate production 
cannot be achieved (Novikova, Strogonova, 2020, p. 88). 

The impact of digitalization on regional economic growth is the subject of 
research by authors Z. Mawang and L. W. Sieng (2024), who highlight the role 
of digitalization in improving the structure of the economy at the regional level 
of Asian countries for the period 2011 – 2019 (Mawang, Sieng, 2024, p. 1). Such 
studies demonstrate the strong impact of digital technologies on all aspects of 
public life, take into account the transformations that have occurred in factor 
markets, and outline the risks facing economies. In addition, authors Z. Mawang 
and L. W. Sieng (2024) find that Asian countries take advantageof the high level 
of digitalization of the economy, which in turn creates additional benefits for re-
gional economies in terms of their structural improvement in respect to achieve 
sustainable growth (Mawang, Sieng, 2024, p. 1). In this context, the question 
arises whether digitalization can really be considered a factor that helpsregional 
economic disparities to reduce. As a continuation of the above, the study by the 
authors H. Liua, X. Wangc, Zh. Wange and Y. Chengc (2024) emphasizes the 
possibility of reducing the established regional inequality in a number of parts of 
China through the use and implementation of new technologies in the economy 
and society (Liua et al., 2024, p. 52). In addition, the authors take a creative ap-
proach by directing their research in two directions, complementing the classi-
cal production function: one part of the work is related to measuring economic 
inequality in different parts of China, while the other part focuses on measuring 
inequality as digitalization enters Chinese regions (Liua et al., 2024, p. 52). The 
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results achieved from the study conducted by the aforementioned authors prove 
the existence of both digital and economic regional imbalances and inequalities, 
with their degree of depth varying in different parts of China (Liua et al., 2024, 
p. 61). In this context, the authors focus their research interest on the govern-
ment’s commitment to create a comprehensive strategy for the development of 
digitalization, with an accent on investing in communication infrastructure and 
professional competencies of the population, especially in the less economically 
developed parts of the country (Liua et al., 2024, p. 52). 

Such studies aim to study the short-term and long-term effects on the 
economic system that cause the penetration of digital technologies into social and 
economic life. In fact, the transformations under the influence of digitalization 
have a different aspect – they affect production, consumption, trade, distribution, 
but are particularly pronounced in relation to labor markets. The latter is related 
to the need for thorough study of the impact of digitalization on job positions 
and the specific requirements for their occupation, as well as the emergence 
of a discrepancy in the skills of the workforce. In this context, the work of P. 
Hetmańczyk (2024) is relevant, in which the author emphasizes the need to focus 
the efforts of countries on improving the existing system of knowledge and skills 
of workers, in order to adequately address the challenges facing professional 
realization in the conditions of intensive penetration of digital technologies into 
the economy and society (Hetmańczyk, 2024, p. 11110). The latter is primarily 
related to the process of accumulating appropriate knowledge and skills in line 
with the new realities of the labor market, as a result of which the higher level of 
digitalization will stimulate economic growth and raise the standard of living of 
the population. In addition to the above, it is necessary to mention the significant 
role of the state in stimulating the digitalization process in terms of investing in 
specialized communication infrastructure, facilitating access to Internet services 
and, last but not least, digitalization of public services.

The study by authors K. Zhao, H. Li, H. and Y. Luo (2024) deserves attention, 
who examine the direct and indirect effects of the digitalization process on the 
qualitative characteristics of regional employment, using data for 31 provinces 
in China (Zhao, Li, Luo, 2024, p. 1). The authors reach extremely interesting 
results related to the fact that initially digitalization has a negative impact on the 
qualitative characteristics of the workforce, in contrast to the long-term impact, 
which is positive in terms of improving the skills and professional realization 
of employees (Zhao, Li, Luo, 2024, p. 1). Based on such studies, it can be 
concluded that the positive impact of the achieved higher level of digitalization 
on regional economic growth depends on several factors: firstly, government 
incentives towards improving the communication and information infrastructure 
(of particular importance for economically less developed regions); secondly, 
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investing in specific knowledge and skills of the workforce, corresponding to the 
digital structure of the economy; thirdly, flexible public policies related to the 
new challenges of professional transformation and new forms of employment, in 
order to adapt human capital to the changing requirements of the labor market. 
In this context, everything mentioned so far is related to investments in various 
assets and a serious time period, which implies analyzing the positive impact of 
digitalization on increasing total factor productivity (including labor productivity) 
in a long-term perspective.

Globally, a number of economies are facing a serious problem related to the 
continuous growth of regional disparities, including: increasing inequality in the 
distribution of wealth, living standards, purchasing power of the population, as 
well as innovative business opportunities. In this regard, as a mandatory stage in 
the development of regional development strategies, emphasis is placed on the 
structure and dynamics of the labor market under the influence of demographic 
and technological changes that characterize the 21st century. In order to prevent 
a number of unfavorable trends in the development of regional labor markets, 
expressed in an increase in the rate of structural unemployment, it is necessary 
to take action to formulate policies regarding professional transformation, which 
appears as a lasting effect of the action of the digitalization of the economy.

The available research related to the role of digitalization on economic growth 
at the national or regional level shows the importance of this issue. All national 
economies are faced with the challenges of the new era, where artificial intelli-
gence and virtual reality are already basic elements of production and trade. The 
new reality in which the international economy is developing requires economic 
growth to be based on the development of technologies, which in turn places em-
phasis on the search for appropriate tools for measuring the relationship and im-
pact between the level of digitalization and the generated economic growth, both 
at the national and regional levels. This will be useful for the formation of poli-
cies to stimulate technological progress in those economies that are technologi-
cally lagging behind, as well as for additional stimulation of economies show-
ing good results through the implementation of digital technologies in economic 
processes. The penetration of digital technologies into the production and public 
infrastructure has a dual role. On the one hand, digitalization creates new jobs, 
transforms others and places additional demands on workers. With the emergence 
of the digital economy, various forms of employment were created, which had 
a positive impact on the labor market, expanding it. At the micro level, the im-
plementation of digital technologies allows companies to reorganize their busi-
ness processes and minimize production costs in order to generate economies of 
scale. In addition, the use of technological progress in the production activities of 
enterprises allows to increase the productivity of used production factors and to 



Level of Digitalization and Gross Domestic Product by Regions: Measurement... 

289

create prerequisites for increasing the efficiency of economic units. The latter is 
associated with an increase in aggregate production, and hence economic growth. 
Therefore, the digitalization of the economy is associated with the generation of 
economic benefits, both at the national and regional levels. The use of digital 
technologies in the production process and in the construction of business models 
is associated with the search for highly qualified labor, which in turn is an addi-
tional challenge for the labor market and the educational system of each country. 
The latter implies expanding economic knowledge in the main areas of scope of 
economic science, creating new knowledge about business processes, acquiring 
appropriate and adequate skills to reality, as well as sharing global competencies 
for the economy that human capital needs to possess in order to meet the new 
challenges facing the global economy.

In addition to the above, in most countries around the world, including Bul-
garia, there are significant regional differences that affect the entire economic vi-
sion of the country. Compared to EU countries, Bulgaria has ranked last in terms 
of GDP per capita in the last few years, and some of the regions in the country 
are ranked first in terms of poverty and low living standards. The latter is related 
to the pursuit for opportunities to neutralize the negative trend that has emerged. 
In this context, the utility of this work is related to the possibility of measuring 
the level of digitalization in the regions of Bulgaria through factor analysis and 
using the Pearson coefficient to establish the presence of a positive relationship 
between the level of digitalization and gross domestic product (GDP) by region. 
The results obtained will allow to derive guidelines for improving the level of 
digitalization of lagging areas, to identify the factors that influence the increase 
in the level of digitalization, as well as to build regional policies for regional 
economic development, in the context of the digital economy and artificial intel-
ligence. The above is also related to the use of appropriate methodological tools, 
with the help of which to measure the level of digitalization and to establish the 
dependence between it and regional economic development. This element of the 
paper is discussed in the next point.

Research methodology

Digitization Index

Factor analysis is used to construct a digitalization index. Based on what 
is presented in the paragraph above, as well as on previous studies with the 
participation of the authors (see Beev et al., 2024, s. 374-384), the following 
variables are adopted as indicators characterizing the level of digitalization by 
regions in Bulgaria, for which the National Statistical Institute (NSI) provides 
current data: relative share of persons using the Internet for interaction with 
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administrative authorities and public institutions; relative share of persons using 
the Internet for educational materials, but not a full online course; relative share 
of households with access to the Internet; relative share of persons aged between 
16 and 74 years using the Internet regularly (every day or at least once a week).
The values of the indicated indicators for 2022 are for 26 regions of Bulgaria. 
They are presented in Table 1. Vidin and Smolyan regions were excluded from 
the study because according to the NSI, the data for them are not sufficiently 
reliable.

Table 1: Indicators characterizing the level of digitalization by region in Bulgaria in 
2022

Regions

Relative share 
of individuals 

using the 
Internet to 

interact with 
administrative 

authoritites 
and public 
institutions  

by region, %

Relative share 
of individuals 

using the 
Internet for 

learning 
materials 

but not a full 
online course, 

%

Relative share 
of households 
with internet 

access, %

Relative share  
of people aged  

16 to 74 using the 
Internet regularly 
(every day or at 

least once a week), 
%

1 2 3 4 5

Blagoevgrad 31.1 11.6 85 77

Burgas 21.7 8.7 91 83

Varna 30.7 15.0 88 83

Veliko Tarnovo 27.3 3.8 87 81

Vratsa 62.6 23.6 89 77

Gabrovo 24.0 5.2 80 69

Dobrich 19.1 6.3 89 75

Kardzhali 24.0 3.2 75 61

Kyustendil 19.9 5.7 86 83

Lovech 29.5 12.9 87 61

Montana 11.4 8.2 88 79

Pazardzhik 7.5 3.9 84 73

Pernik 12.7 2.4 85 65

Pleven 26.4 9.3 85 87
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Continued

1 2 3 4 5

Plovdiv 21.5 5.5 81 75

Razgrad 23.9 6.2 89 78

Ruse 15.9 3.3 86 80

Silistra 11,6 10.8 89 85

Sliven 3.9 0.5 71 64

Sofia 15.5 2.5 68 61

Sofia (capital) 26.1 7.7 90 82

Stara Zagora 13.9 7.2 75 72

Targovishte 43.3 8.9 95 91

Haskovo 18.9 5.0 87 69

Shumen 29.9 4.7 89 81

Yambol 22.2 3.6 92 72

Source: NSI

By applying factor analysis to the indicators presented in Table 1, a digitalization 
index can be constructed, reflecting its level by regions of Bulgaria. The essence 
of factor analysis is expressed in the possibility of transforming a set of correlated 
data into a set of uncorrelated factors that explain as much of the total variation of 
the initial data as possible (Ilieva-Gocheva, 2013, s. 339). It should be emphasized 
here that the essence of factor analysis has been discussed in detail in a previous 
study by the authors (Kolev, Tsoklinova, Delkov, 2020, pp. 143-164.). Therefore, 
in order not to complicate the presentation unnecessarily, we proceed directly to 
the formulas by which the digitalization index is calculated. In this regard, a factor 
score (result) is determined for each factor by formula (1) (Manov, 2002, s. 247).
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(1)

where 𝐹̂𝐹i(q) are factor scores; 
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zi(j)are the standardized values of the initial variables characterizing the digi-
talization of the i-th area of the studied population. They are determined by the 
formula for the classical z-transformation and are presented in table 2.

fq(j) – coefficients of factor scores;
m – common factors, number;
p – initial variables, number;
n – observations in the sample, number.

Table 2: Standardized values of indicators characterizing the level of digitalization  
by region in Bulgaria in 2022

Regions

Relative share 
of individuals 

using the internet 
to interact with 
administrative 
authorities and 

public  
institutions  

by area

Relative share 
of individuals 

using the 
internet for 

learning 
materials but 

not a full online 
course

Relative share 
of households 
with internet 

access

Relative share of 
people aged 16 
to 74 using the 

Internet regularly 
(every day or at 

least once a week)

1 2 3 4 5

Blagoevgrad 1.1692 1.4476 0.0117 0.1798

Burgas 0.0490 0.6492 0.9731 0.9266

Varna 1.1216 2.3838 0.4764 0.9025
Veliko 
Tarnovo 0.7164 -0.7000 0.4123 0.6254

Vratsa 0.3231 -0.3145 -0.8215 -0.8080

Gabrovo -0.2608 -0.0116 0.6527 -0.0612

Dobrich 0.3231 -0.8652 -1.4945 -1.7716

Kardzhali -0.1655 -0.1769 0.2521 0.8302

Kyustendil 0.9786 1.8056 0.4283 -1.7235

Lovech -1.1784 0.5115 0.4443 0.3604

Montana -1.6432 -0.6725 -0.1325 -0.3021

Pazardzhik -1.0235 -1.0855 0.0598 -1.2898

Pernik 0.6091 0.8144 0.0277 1.3602

Pleven 0.0252 -0.2319 -0.6292 -0.0612

Plovdiv 0.3112 -0.0392 0.7007 0.3364

Razgrad -0.6421 -0.8377 0.2200 0.4809
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Continued

1 2 3 4 5

Ruse -1.1546 1.2274 0.6527 1.1193

Silistra -2.0722 -1.6086 -2.2636 -1.3741

Sliven -0.6898 -1.0579 -2.7123 -1.7596

Sofia -0.8805 0.2362 -1.5586 -0.4587

Sofia (capital) 2.6231 0.7042 1.5980 1.8421

Stara Zagora -0.2846 -0.3696 0.2841 -0.8080

Targovishte 1.0262 -0.4522 0.7007 0.6616

Haskovo 0.1086 -0.7551 1.1334 -0.4587

Shumen 0.7998 0.9245 0.3322 1.0952

Yambol -0.1893 -1.5260 0.2521 0.1557

Source: Own calculations

After determining the factor scores using formula (2), the digitalization index of 
the respective area (Id) is calculated (Organisation for Economic Co-operation and 
Development, Joint Research Centre in Ispra, 2008, p. 158; Jelili, 2019, p. 270).

                                 qwq,		                  	          (2)

where Id is the digitalization index of a given area;
wq – the weight of the qth factor. It is defined as the eigenvalue of the qth factor 

divided by the sum of all eigenvalues.

Results and Discussion

Table 3 presents the correlation coefficients between the indicators 
characterizing the level of digitalization of the regions in Bulgaria, as well as their 
significance levels. From Table 2 it is obvious that the correlation coefficients 
measuring the degree of dependence between the variables are statistically 
significant (α < 0.05). This gives reason to assume that the application of factor 
analysis is permissible. The assumption is verified by the Kaiser-Mayer-Olkin 
sampling adequacy coefficient and the Bartlett sphericity test. The value of the 
former is 0.728, while the significance level of the Bartlett test is 0.000 at λ2 = 
28.175 and 6 degrees of freedom.
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Table 3: Correlation matrix and significance levels

Indicators

Relative share 
of individuals 

using the 
Internet to 

interact with 
administrative 

authorities 
and public 
institutions

Relative share 
of individuals 

using the 
Internet for 

learning 
activities

Relative share 
of households 
with internet 

access

Relative share 
of people aged 
16 to 74 who 
regularly use 
the Internet

C
or

re
la

tio
n 

co
effi

ci
en

ts

Relative share of 
individuals using the 
Internet to interact 
with administrative 

authorities and public 
institutions

1.000 0.728 0.430 0.323

Relative share of 
individuals using the 
Internet for learning 

activities

0.728 1.000 0.393 0.338

Relative share  
of households with 

internet access
0.430 0.393 1.000 0.672

Relative share of people 
aged 16 to 74 who 

regularly use  
the Internet

0.323 0.338 0.672 1.000

Le
ve

ls
 o

f s
ig

ni
fic

an
ce

Relative share of 
individuals using the 

internet to interact with 
administrative bodies 
and public institutions 

by area

0.000 0.011 0.047

Relative share of 
individuals using the 
Internet for learning 

activities

0.000 0.019 0.039

Relative share of 
households with  
internet access

0.011 0.019 0.000

Relative share of people 
aged 16 to 74 who 

regularly use the Internet
0.047 0.039 0.000

Source: Own calculations



Level of Digitalization and Gross Domestic Product by Regions: Measurement... 

295

The extraction of factors is carried out by the principal components analysis 
(PCA) method, using the Kaiser unit criterion. According to it, only those principal 
components that have an eigenvalue greater than one can be extracted as factors. 
In the present study, one common factor was formed, whose eigenvalues (2.449) 
is greater than one. It explains 61.23% of the variance in the data (see Table 4).

Table 4: Results of factor extraction using the principal components method

Main  
components Eigenvalues

Relative shares  
of variance explained  

by principal  
components, %

Cumulative relative 
shares, %

1 2.449 61.234 61.234
2 0.712 17.796 79.030
3 0.514 12.846 91.875
4 0.325 8.125 100.000

Source: Own calculations

Table 5 contains significant results from the application of factor analysis, 
namely the communalities, factor coefficients and factor score coefficients. 
The communalities reflects the contribution of the respective indicator to the 
identification of a given factor (in the specific study, there is only one). It (the 
communalities) is calculated as the sum of the squares of the factor coefficients, 
which are considered as correlation coefficients between the initial indicator and 
the respective factor. As for the factor score coefficients, it should be noted that 
by their nature they are regression coefficients in the factor scheme, represented 
by formula (1). From Table 4 it is clear that the indicators “relative share of 
households with Internet access” (0.689) and “relative share of persons aged 16 
to 74 using the Internet regularly” (0.659) have a more significant contribution to 
the extraction of a common factor. The contribution of the other two indicators is 
not so significant.
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Table 5: Communalities and factor score coefficients

Indicators Communalities Factor 
coefficients

Factor score 
coefficients

Relative share of individuals using the 
Internet to interact with administrative 
bodies and public institutions

0.561 0.749 0.306

Relative share of individuals using the 
Internet for learning activities 0.540 0.735 0.300

Relative share of households with internet 
access 0.689 0.830 0.339

Relative share of people aged 16 to 74 
who regularly use the Internet 0.659 0.812 0.331

Source: Own calculations

The factor score coefficients and the standardized values of the initial indicators 
from Table 1, presented in Table 2 are used to calculate the factor scores. By means 
of them the digitalization index of the districts in Bulgaria for 2022 is calculated. 
Table 6 shows that the first three places in terms of the level of digitalization are 
occupied by the regions of Sofia (capital), Varna and Shumen. The first place of the 
region of Sofia-capital city in terms of the level of digitalization is a consequence 
of the first places of the region in the indicators “relative share of households 
with Internet access” (82%) and “relative share of persons aged 16 to 74 years 
who regularly use the Internet” (91%) (see Table 1).At the same time, the second 
place of Varna region in terms of the level of digitalization is explained by the 
second place in the district in terms of the indicator “relative share of persons 
using the Internet for educational materials, but not a full online course” (15.0%) 
and fourth in terms of the indicator “relative share of persons using the Internet 
for interaction with administrative authorities and public institutions” (30.7%) 
(see Table 1). The third place in terms of the level of digitalization of Shumen 
region is surprising, but it also has its logical explanation, namely the sixth place 
in the district in terms of the indicator “relative share of persons aged between 
16 and 74 who regularly use the Internet” (81%) and fourth place in terms of 
the indicator “relative share of persons using the Internet for interaction with 
administrative authorities and public institutions” (29.0%), approaching in value 
to that of Sofia-capital (see Table 1). It should be noted that at the bottom of the 
ranking in terms of digitalization index values are the region of Dobrich, Sliven 
and Silistra. The unsatisfactory performance of the three regions is mainly due to 
the low values of the indicators “relative share of persons using the Internet for 
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educational materials, but not a full online course” and “relative share of persons 
aged 16 to 74 using the Internet regularly”. For the three regions, the values for 
the first indicator are 6.3%, 0.5% and 10.8%, respectively, and for the second 
they are 75%, 64% and 85%, respectively (see Table 1).

Table 6: Digitalization indices by region in Bulgaria as of 2022

№ Regions Digitalization Index
1 Sofia (capital) 2.1654
2 Varna 1.5186
3 Shumen 0.9972
4 Pernik 0.8903
5 Blagoevgrad 0.8555
6 Burgas 0.8463
7 Targovishte 0.6349
8 Ruse 0.6067
9 Plovdiv 0.4324
10 Kyustendil 0.4159
11 Veliko Tarnovo 0.3560
12 Kardzhali 0.2566
13 Gabrovo 0.1177
14 Lovech 0.0628
15 Haskovo 0.0391
16 Razgrad -0.2140
17 Pleven -0.2954
18 Stara Zagora -0.3691
19 Yambol -0.3787
20 Vratsa -0.5414
21 Montana -0.8495
22 Sofia -0.8788
23 Pazardzhik -1.0455
24 Dobrich -1.2537
25 Sliven -2.0304
26 Silistra -2.3389

Source: Own calculations

After the constructed index for 2022 has established the level of digitalization 
by region in Bulgaria, the dependence between the level of digitalization and GDP 
is subject to verification. The positive relationship between the two variables has 
been established in numerous studies (see Dedrick, Gurbaxani, Kraemer, 2003, 
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pp. 1-28; Mićić, 2017, pp. 135-147; Schreyer, 2000), but has not been studied 
for Bulgaria so far due to the lack of a quantitative assessment of the level of 
digitalization by region. In this regard, the Pearson correlation coefficient for 2022 
shows that the degree of dependence between the two variables (digitalization 
index and GDP by region) is moderate (r = 0.486 and significance level α = 
0.012). The obtained result confirms the validity of the positive relationship 
established by the above-mentioned studies for Bulgaria as well.

Conclusion

Based on the literature review, the calculated factor and correlation analyses, 
the following conclusions can be drawn:

	¾ For the extraction of a common factor, the indicators “relative share of 
households with Internet access” and “relative share of people aged 16 
to 74 using the Internet regularly” have the greatest contribution. Their 
inclusion coefficients are 0.689 and 0.659, respectively.

	¾ The constructed digitalization index is reliable and logically justified. 
Through its application in 2022, significant differences between the level 
of digitalization of the regions in Bulgaria are found. The systematic 
assessment of the level of digitalization of the regions in Bulgaria will 
allow making relevant decisions for its increase and reduction of regional 
differences.

	¾ The thesis of a positive relationship between the level of digitalization and 
GDP has been verified. The Pearson correlation coefficient established 
a moderate relationship (r = 0.486) between the digitalization index and 
GDP by region in Bulgaria in 2022.

	¾ Measuring the degree of digitalization and its impact on regional 
economic growth would help to highlight existing regional inequalities in 
digitalization and the resulting structural changes in commodity, resource 
and financial markets, including the emergence of a discrepancy in the 
professional skills of the workforce.
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