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Abstract: Modern people live in the era of knowledge and digitalization supposed to increase their
quality of life. Nevertheless, digital technologies are only the instruments in the development and
transformation of social-economic processes and their usage per se does not ensure only positive
effects, which much depends on goals, conditions, institutes, etc. Thus, digitalization has an unam-
biguous influence on many social-economic processes and needs a wise policy to provide smooth
progress and well-being for everybody. This study aims to design and test appropriate tools for
managing digitalization to direct this process on increasing the quality of life. For this purpose
we analyzed: (1) correlation to identify interrelations between digitalization and quality of life;
(2) the potential of using the visualization matrix method to identify and monitor national trends
of digitalization in the context of quality of life. We found: (1) close correlation between subjective
and objective indicators of quality of life and between the quality of life and digitalization; (2) the
two-dimensional matrix turned out to be a relevant visual tool that embraces specific two-way
relationships between human development and digitalization. In combination with statistical and
qualitative methods, this tool has wide prospects for managing digitalization in the context of social
progress and increasing quality of life.

Keywords: quality of life; digitalization; human development; ranking of happiness; HDI; world
digital competitiveness ranking

1. Introduction

Digitalization being a new level of technological progress and a new step in the knowl-
edge era is supposed to be aimed at increasing the quality of life. Digital technologies have
already passed from the status of being just an instrument to the status of a modifying
factor changing social life in its every sphere. External digitalization expression is an expan-
sion of the use of information and communication technologies and the implementation
of digital technologies in human life, which act as a catalyst for the information society
development. Digitalization not only transforms the way people interact with the world
around them, but also changes their internal world: attitude to the world, to oneself, and
to what it means to be human [1]. Information and communication technologies have an
ever-increasing influence on human self-esteem, mutual actions, and socialization, the
concept of reality and its perception, as well as interaction with reality [2]. Thus, in the
modern world, digitalization acts as one of the key determinants of human development,
affecting not only objective indicators of the quality of life but also its subjective perception.

Digital technologies have a great potential for increasing the quality of life as they
can sufficiently extend human development opportunities [3–8]. In the economy of the
21st century driven by innovations, services, and intangible goods, this impact implies not
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only economic growth and welfare measured by GDP [9], but also increased value of time
which less and less spent on routine, opportunities for creativeness and self-development,
and the emergence of new, often “free” goods as a result of the digital revolution [10].
The use of digital technologies contributes to the improvement of the well-being of the
country, the development of social capital and the achievement of social equality, providing
access to health-related information, medical services, education for the poor, and facilitates
trade [11].

Quality of life is determined by the ability to build up social capital, achieve pro-
fessional goals, receive a quality education, and develop interpersonal relationships and
connections. Existing research on the interrelations of digitalization and quality of life
argues that increased access to information and communication technologies has a positive
impact on the quality of life [12]. But is this influence unambiguous? Digital innovation
undoubtedly impacts human life by saving time, spreading knowledge, increasing the
availability of communication, enhancing network interactions, and automation through
implementing artificial intelligence and big data technologies, increasing productivity and
access to information, reducing deprivation, improving transparency and governance,
creating social capital, and empowering people. Together with that, the positive effects of
digitalization processes go together with social, economic, and psychological threats to the
individual, society, state, and the world community. They increase risks of cyber threats
and insecurity of privacy, unemployment, digital inequality, and encourage sedentary
lifestyles [13]. While the digital economy drives productivity gains and positively impacts
local and global economies, digitalization raises potential sustainability problems related to
social and environmental well-being, driven by the automation of information processing
and service delivery [14]. Automation and the widespread adoption of new technologies
exacerbate the destruction of traditional spheres of activity, structural changes in the econ-
omy and, as a consequence, unemployment and inequality in wages, which bring about
well-being problems [15–17]. An analysis of cases in the industrial area shows that even
small efforts in the digitalization of processes can create problems that affect well-being
and productivity at different stages of the digital technologies’ implementation [18]. The
emergence of a new digital segment of the shadow economy multiplies theft of personal
data, financial resources, databases, and other cyber risks [19,20].

Many researchers point out that the positive or negative influence of digitalization on
the quality of life sufficiently depends on the social-economic and political conditions and
frames. In particular, digitalization gives rise to the problem of the digital divide and digital
inequality, manifested in unequal access to information and communication technologies
for different social strata of the population, countries, and peoples of different levels of
economic development. Whether information technology is considered a public or private
good depends in part on the civic culture of the community [21], the type of political regime
and the extent to which democracy has spread [22], and existing social and economic
inequalities [23]. The digital divide is mainly explained by income differentials [24],
scientific and technological potential [25] and exacerbated by differences in IT skills and the
degree of technical savvy [26,27]. Furthermore, the impact of digitalization on well-being is
increasingly dependent on how we use digital tools, and in some cases, on our limitations
on their use [28]. In recent research, it was marked that digitalization does not turn the
state into a country of prosperity [29]. It contributes to increased national wealth only if the
country has an adequate education system, good governance, and a philanthropic financial
system [30].

In addition, there are categories of citizens vulnerable to rapid technological changes
in society. In particular, older people in their daily lives face the accelerated pace of
the digitalization of services, which increases their feelings of anxiety and undermines
their well-being [31]. The transition of many social processes to online forms exposes
the problem of the lack of skills of older people for effective participation in the digital
environment, which is often hampered by limited physical mobility and a decrease in their
social networks and contacts [32]. The digital divide limits the ability to use IT to form
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social bonds that positively affect human well-being. In particular, the COVID-19 pandemic
showed that older people, people without Internet access, and people with limited Internet
access skills are staying away from using digital communications at a time when the use of
such communication is especially important [33].

The explosive growth of the internet and social media has an ambivalent impact
on subjective well-being [34–37]. According to A. Clark, the vector of the influence of
social networks on subjective well-being is determined by the structure of interpersonal
connections and behavior [35]. The usage of social media to form and expand meaningful
social connections has a positive effect on the well-being of users, as it responds to the
innate human desire for acceptance and belonging. Nonetheless, if user behavior is not
aimed at establishing social connections, then social networks can negatively affect the
well-being of users, through such traps as isolation and social comparison [35].

Thus, digitalization has created new challenges for the development of society, ques-
tioning the perspective of human quality of life. Negative aspects of the impact of digitaliza-
tion on quality of life are leveled out in societies that attach great importance to education
and training, culture, civic activities, health, and equal development opportunities. Based
on the general logic, we can assume that digitalization does not increase the quality of life
and contribute to low-quality human development by itself, being a neutral process of
the widespread introduction of digital technologies in essence. Thus, it cannot act as an
exhaustive, sufficient determinant of improving the quality of life and should be analyzed
only in a combination with certain goals, social-economic and political conditions, and
wise management. The management of the quality of life implies taking into account, first
of all, fundamental factors of social policy. However, the focus of this study is digitalization
as an actual modern social context that allows expanding the possibilities for improving
the quality of life in all spheres of human life, and as an environment that forms new
realities and a qualitatively new potential for applying management decisions for the
benefit of people.

This study aims to design the appropriate tools for managing digitalization to direct
this process on increasing quality of life. For this purpose, we analyzed: (1) the correlation
to identify interrelations between digitalization and quality of life; (2) the potential of using
the visualization matrix method to identify and monitor national trends of digitalization in
the context of quality of life.

2. Materials and Methods
2.1. Indicators

The existing pluralism of the approaches to assessing the quality of life is both due
to the ambiguity of the concept itself and the complex, multidimensional character of this
category. Thus, existing approaches to assessing the quality of life are multi-criteria and
include a range of indicators, selected in accordance with the research hypothesis of the
authors. There are many perspective studies on the development of a synthetic measure of
the quality of life [38–45].

In this study, we chose two popular indicators that reflect the quality of life from both a
subjective and objective standpoint. We used a ranking of happiness (RH) to investigate the
correlation between subjective well-being and objective conditions for human development
(HDI). The World Happiness Report is a publication of the Sustainable Development
Solutions Network, powered by data from the Gallup World Poll [46]. In addition, we used
the human development index (HDI) as a measure of the quality of life and world digital
competitiveness ranking (WDCR) as a measure for digitalization.

Since the 1990s, with issuing the first HDR, welfare growth has ceased to be considered
the only and the main indicator of the quality of life. Rather, the growth of well-being has
moved to the category of the means of development. The quality of life has come to be seen
through the prism of human development. The HDR methodology put humans at the head
of social development, thereby arguing that social development should be determined not
only by economic growth but also by providing more opportunities and freedoms for life.
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The development process itself must create the conditions for the opportunity to reveal and
realize human potential individually or collectively and for a productive and creative life.

The HDR includes the human development index (HDI) as the main complex indicator
for assessing the quality of life. HDI is based on the key foundations of human development:
a long and healthy life, knowledge, and access to resources to ensure a decent standard of
living. Furthermore, it considers the problem of the equality of all people in their rights to a
high quality of life. The 2019 HDR press release talks about shifting the focus on inequality,
from not only inequality in income, but also to inequalities in other dimensions, such as
health, education, access to technology, and exposure to economic and climate shocks.

HDR methodology was widely adopted at the national and regional levels. The An-
alytical Center under the Government of the Russian Federation has been monitoring
HDI by regions since 2008 (UNDP 2010). The calculation of the index for Russian regions
is carried out according to the UNDP methodology considering the availability of data
necessary for calculating HDI and specifics of regional statistics [47].

There are different quantitative tools useful for managing and monitoring national
digital development. The first category of these tools is composite indices allowing the
capture and monitoring of national digital readiness and competitiveness and comparing
digitalization degrees across countries. For example, the Digital Government Index (DGI)
prepared by OECD measures the maturity level of digital government strategies in OECD
member and partner countries based on evidence gathered through the Survey on Digital
Government. The Digital Economy Index (DEI) measures inflation in what people are
buying in the digital world in major global economies. The Cisco Digital Readiness
Index was developed to measure a country’s level of digital readiness by seven holistic
components: basic needs, business, and government investment, ease of doing business,
human capital, start-up environment, technology adoption, and technology infrastructure.
The Digital Economy and Society Index (DESI) is a composite index reflecting Europe’s
digital performance and competitiveness. DiGiX and World Digital Competitiveness
Ranking (WDCR) are used globally to capture national digitalization status. DiGiX includes
19 indicators grouped in 6 dimensions that represent 3 broad pillars: supply conditions,
demand conditions, and institutional environment.

In our research, we used WDCR, which measures the capacity and readiness of a
national economy to adopt and explore digital technologies as a key driver for economic
transformation in business, government, and wider society. The rankings are calculated
based on the 50 ranking criteria: 30 Hard and 20 Survey data. The rating is assigned
according to the cumulative result, shown in 3 categories: (1) “Knowledge”—the quality of
education and science, (2) “Technologies”—development of Internet and communication
technologies, financial capital in the IT industry, as well as the regulatory environment,
(3) “Future Readiness”—the level of readiness to use digital transformation [48].

The second big category of the tools useful for managing and monitoring national
digital development are statistic and mathematical multi-factor models capturing interrela-
tions of factors including digitalization and technological progress and using digitalization
indicators and composite indices. The big variety of these models is stipulated by their
different scales, purposes, context, included factors, and used data. For example, Ronald
Paul Hill and Kanwalroop Kathy Dhanda used the Technological Achievement Index
(TAI) and HDI to examine the relationship between technological achievement and human
development so that the human rights community may better understand the impact of the
digital divide worldwide. ANOVA analysis revealed the strength of the interdependence
between them, especially among the least developed nations [49]. A dynamic panel study
on digitalization and a firm’s agility allowed to better understand factors driving agility in
advanced economies, including at national/industry digitalization level [50]. The effects
of digital transformation on value creation were studied based on indicators: technology
readiness (e.g., ICT investments), digital technology exploration (e.g., research and devel-
opment), and digital technology exploitation (e.g., patents and trademarks). The research



Sustainability 2021, 13, 611 5 of 11

identified several significant relationships between such constructs, which contribute to the
literature and provide key implications for business management and practitioners [51].

Nevertheless, composite indices and statistical analysis cannot provide comprehensive
information for the effective management of digitalization processes directing them on
increasing the quality of life. On the other hand, qualitative analysis needs insights
in identifying areas of possible problem issues and solutions and purpose quantitative
reference points. Thus, to our mind, there is a lack of intermediate tools using both
quantitative approaches and visual analysis and considering unambiguous interrelations
between digitalization and quality of life, which allows to identify possible problem areas
in national digital transformation, and clarify directions for further qualitative studies and
developing quantitative models.

2.2. Research Procedure and Methods

The sample size was 61 countries that had RH, HDI, and WDCR indices. Like other
digitalization indexes, WDCR is a relatively recent index, thus we made the analysis on the
example of the most recent period, in which there were all required reports with RH, HDI,
and WDCR indices—in 2018.

As the first step, we analyzed the relationships between subjective well-being and
objective conditions for human development with the help of standard Pearson correlation
coefficient and visual matrix analysis. We used a two-dimensional matrix (RH/HDI)
divided into four quadrants by medians. The median HDI along the abscissa and the
median RH along the ordinate axis were calculated from all relevant observations for the
period 2018.

As the second step, we analyzed the relationships between the HDI and WDCR
using correlation analysis and a two-dimensional matrix (WDCR/HDI) divided into four
quadrants by medians. The median WDCR along the abscissa and the median HDI along
the ordinate axis were calculated from all relevant observations for the period 2018.

As the third step, we grouped countries into four groups according to the four quad-
rants of the WDCR/HDI matrix.

In our research, we used open-source empirical data: HDI report [47], World Digital
Competitiveness Ranking [48], and the World Happiness Report [46]. We made all statistical
calculations and matrix visualization using open-source software R, the PLM package
(GNU license).

3. Results
3.1. The Results of Correlation and Visual Matrix Analysis

Correlation analysis showed a close positive linear correlation between subjective
well-being and improving conditions for human development.

The coefficient of determination (R2) 64% in 2018 indicates rather strong positive
relationships between the objective conditions and opportunities for human development
and subjective well-being and happiness, which allows choosing any of these indicators
for further investigation of the relationships between digitalization and quality of life
(Figure 1). Nevertheless, several countries lie far from the common correlation line.

The coefficient of determination (R2) 75% indicates a rather strong positive correlation
between world digital competitiveness ranking (WDCR) and HDI (Figure 2).

The coefficient of determination (R2) 49% indicates a moderate positive correlation
between WDCR and ranking of happiness (RH) (Figure 3).
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3.2. Classification of Countries by the Level of HDI and WDCR

We classified countries into four conditional groups by the level of HDI and WDCR
(Table 1).

Table 1. Classification of countries by the level of HDI and WDCR.

WDCR
HDI

Reduced Increased

Increased Group B (4): CZE, ITA, SVN, CYP
Group A (25): AUS, AUT, BEL, CAN, CHE, DEU, DNK,
ESP, FIN, FRA, GBR, IRL, ISL, ISR, LUX, NLD, NOR,

NZL, SGP, SWE, USA, EST, HKG, JPN, KOR

Reduced

Group C (27): BRA, CHL, MEX, SAU, SVK, ARG, BGR,
COL, GRC, HRV, HUN, IDN, IND, JOR, KAZ, LVA,

MNG, PER, PHL, POL, ROU, RUS, THA, TUR, UKR,
VEN, ZAF.

Group D (5): ARE, CHN, LTU, MYS, PRT.

Note: Country codes are based on the standard ISO 3166 [52]; countries are included in different groups in Tables 1 and 2 in italics.

Table 2. Classification of countries by the level of RH and WDCR.

WDCR
RH

Reduced Increased

Increased Group B (8): CZE, ITA, SVN, BRA, CHL, MEX, SAU, SVK
Group A (22): AUS, AUT, BEL, CAN, CHE,

DEU, DNK, ESP, FIN, FRA, GBR, IRL, ISL, ISR,
LUX, NLD, NOR, NZL, SGP, SWE, USA, ARE

Reduced
Group C (23): CYP, ARG, BGR, COL, GRC, HRV, HUN, IDN,

IND, JOR, KAZ, LVA, MNG, PER, PHL, POL, ROU, RUS, THA,
TUR, UKR, VEN, ZAF

Group D (8): EST, HKG, JPN, KOR, CHN, LTU,
MYS, PRT

Note: country codes are based on the standard ISO 3166 [52]; countries are included in different groups in Tables 1 and 2 in italics.
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In the WDCR/HDI matrix, groups A and B are the most numerous. Group A includes
25 countries with increased HDI and increased WDCR and Group B includes 27 countries
with increased HDI and reduced WDCR. Only four countries have reduced HDI whereas
WDCR is higher than average. Group D consists of five countries with increased HDI and
reduced WDCR.

In the WDCR/RH matrix, groups A and B are also the most numerous but contain
fewer countries than WDCR/HDI matrix. Group A includes 22 countries with increased
RH and increased WDCR and Group B includes 23 countries with increased RH and
reduced WDCR. Only eight countries have reduced RH whereas WDCR is higher than
average. Group D consists of eight countries with increased RH and reduced WDCR.

4. Discussion
4.1. Results Discussion

The correlation analysis confirms modern ideas about the close relationship between
digitalization and quality of life [3–8,11]. At the same time, visual matrix analysis confirmed
that a high level of digitalization does not obligatorily ensure a high level of quality of
life [29] as there were a sufficient amount of countries with increased WDCR and reduced
HDI and RH. Furthermore, several countries had increased HDI or RH at reduced WDCR,
vice versa. These cases prove that digitalization is undoubtedly a significant process in
changing the quality of life, but it needs to be taken into account together with the policy
and conditions of digitalization and other sufficient social-economic factors, which are
more fundamental than digitalization itself [21–25].

With the help of two-dimensional matrixes, we mapped and classified countries
into four conditional groups, which allowed us to see an overall comparative picture
of countries’ distribution by the level of digitalization in the context of quality of life.
Thus, the matrix can be used in developing digitalization policy as a relative map of the
countries’ routes of digitalization in the context of quality of life and a field of countries’
comparison. For example, two or several countries with the same HDI and different levels
of WDCR can be compared for finding the reserves and best practices to improve, implying
digitalization for increasing quality of life. In addition, this comparison and additional
qualitative analysis allows identifying sufficient factors that influence quality and factors
that allow directing digitalization on increasing HDI and RH most effectively.

Thus, the statistical approach alone is not relevant for managing the digitalization
process for increasing quality of life. Alternatively, we proposed the management tool
based on a non-econometric approach. WDCR/HDI and WDCR/RH matrixes visualize
national digitalization in a coordinate system of human development and a subjective
feeling of happiness, which allowed comparing the country social progress (in terms of
quality of life) in the digital economy. We concluded that this tool is rather useful for
managing and monitoring national digital development. It allows mapping different
countries in the same coordinate system, making typological and comparative analysis.
However, it should be noted that the usage of this tool is limited by the need to supplement
it with qualitative analysis for considering specific national factors.

Thus, in this study, we tried statistical and visual approaches to analyze digitalization
in the context of quality of life for suggesting relevant instruments. Correlation analysis
showed a close relationship between digitalization and quality of life and it can be con-
sidered as a sufficient factor in further panel data models explaining the national quality
of life. Nonetheless, we discovered more potential in the use of visualization tools that
allow graphically mapping countries positions in the dimensions of digitalization and
quality of life. In particular, the suggested two-dimensional matrixes allow identifying
the field for additional qualitative analysis in country comparison and allow to explore
the factors sufficient for making digitalization better serve increasing the quality of life.
We recommend this tool for developing national digital economy policies and programs
serving better social progress.
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4.2. Research Limitations and Direction of Further Research Development

The research uses data only from one period, the year 2018. The dynamic analysis in
further research and developing panel models can show the greater potential of statistical
instruments in managing the processes of digitalization in the context of quality of life.
Futhermore, dynamic analysis will allow us to visualize national digital development
trajectories and trends in the context of quality of life.

The research sample is limited by the chosen indicators. Nevertheless, we used
two alternative indicators of subjective well-being and objective conditions for human
development to show the potential of the used instrument. In further research, the influence
of various components of the WDCR can be investigated.

The next limitation of the study is the list of suggested measures, which can be
extended and added due to additional qualitative and quantitative studies. In particular,
we plan to develop a case study on the example of Russian digitalization policy in our
further research.

Furthermore, the research results do not clarify how to implement the suggested
measures and do not provide certain decision-making technology in the digitalization
policy, which can be a subject of subsequent research and practice.

The indices used in this study complement the standard statistical macro and micro
indicators: per capita income, consumption, the share of consumption in income, leisure,
inequality, and several others [53]. Nevertheless, new contexts reveal new dialectical
limitations and require further development of both concepts of the quality of life and
approach for the assessment of the quality of life, digitalization, and technological progress.
Thus, in the context of the coronavirus pandemic, completely new indicators of the quality
of life are coming to the fore: the availability of tests and vaccines for COVID-19, the
availability of fast internet for permanent work in a remote office, the prevalence and
quality of delivery services, and many others. According to C. Graham, pre-existing
inequalities have exacerbated in the United States since the start of the pandemic, which
is reflected in a deep decline in well-being. It was concluded that economic growth alone
is not enough to support the economy and society [54]. The digitalization of everyday
life is reaching a qualitatively new level and requires measurement by new indicators.
Attempts to use old measures to take into account the levels of happiness, human and
digital development in the new post-COVID conditions of life and work can lead to wrong
political decisions and, as a result, ineffective spending of the limited financial funds
and other resources. Thus, the overall limitation of the research aimed at designing the
tools for the management of digitalization processes and quality of life is the growing
incompatibility of standard economic data before and after 2020, continuous developing of
the concept of the quality of life and digitalization and tools for its assessment.

This article does not claim to be an exhaustive study of the impact of digitalization on
the quality of life. The proposed tool allows identifying the existing relationships between
the phenomena under consideration and to determine the area for further qualitative and
quantitative research that can be used to monitor the concordance of technological and
social policies and form the basis for making management decisions to improve the quality
of life.

Author Contributions: A.O.L. and N.A.B. developed the concept and design of the research, made
the theoretical review, contributed to the analysis and discussion of the results. O.A.K. processed
data and contributed to the result analysis, discussion, and research limitations. All authors have
read and agreed to the published version of the manuscript.

Funding: The research is partially funded by the Ministry of Science and Higher Education of the
Russian Federation as part of World-class Research Center program: Advanced Digital Technologies
(contract No. 075-15-2020-934 dated 17.11.2020).

Conflicts of Interest: The authors declare no conflict of interest.



Sustainability 2021, 13, 611 10 of 11

References
1. Fors, A.C. The beauty of the beast: The matter of meaning in digitalization. AI Soc. 2010, 25, 27–33. [CrossRef]
2. Floridi, L. The Onlife Manifesto: Being Human in a Hyperconnected Era; Springer International Publishing: New York, NY, USA, 2015;

ISBN 9783319040936.
3. Choi, C.; Yi, M.H. The effect of the Internet on economic growth: Evidence from cross-country panel data. Econ. Lett. 2009,

105, 39–41. [CrossRef]
4. OECD. The Economic Impact of ICT: Measurement, Evidence and Implications; OECD Publishing: Paris, France, 2004.
5. Jorgenson, D.W.; Vu, K. Information technology and the world economy. Scand. J. Econ. 2005, 107, 631–650. [CrossRef]
6. Röller, L.H.; Waverman, L. Telecommunications infrastructure and economic development: A simultaneous approach.

Am. Econ. Rev. 2001, 91, 909–923. [CrossRef]
7. Czernich, N.; Falck, O.; Kretschmer, T.; Woessmann, L. Broadband Infrastructure and Economic Growth. Econ. J. 2011, 121,

505–532. [CrossRef]
8. Ghosh, S. Broadband penetration and economic growth: Do policies matter? Telemat. Inform. 2017, 34, 676–693. [CrossRef]
9. Coyle, D. GDP: A Brief but Affectionate History; Princeton University Press: Princeton, NJ, USA, 2014; ISBN 9781400849970.
10. Aitken, A. Measuring Welfare Beyond GDP. Natl. Inst. Econ. Rev. 2019, 249, R3–R16. [CrossRef]
11. Ganju, K.K.; Pavlou, P.A.; Banker, R.D. Does information and communication technology lead to the well-being of nations?

A countrylevel empirical investigation. MIS Q. Manag. Inf. Syst. 2016, 40, 417–430. [CrossRef]
12. Osipova, I.M.; Naumova, T.A. Analysis of the relationship between the level of digitalization and the level of quality of life:

A regional aspect. IOP Conf. Ser. Earth Environ. Sci. 2020, 421, 032048. [CrossRef]
13. Maiti, D.; Awasthi, A. ICT Exposure and the Level of Wellbeing and Progress: A Cross Country Analysis. Soc. Indic. Res. 2020,

147, 311–343. [CrossRef]
14. Linkov, I.; Trump, B.D.; Poinsatte-Jones, K.; Florin, M.V. Governance strategies for a sustainable digital world. Sustainability 2018,

10, 440. [CrossRef]
15. Frey, C.B.; Osborne, M.A. The future of employment: How susceptible are jobs to computerisation? Technol. Forecast. Soc. Chang.

2017, 114, 254–280. [CrossRef]
16. Autor, D.H.; Dorn, D. The Growth of Low-Skill Service Jobs and the Polarization of the US Labor Market. Am. Econ. Rev. 2013,

103, 1553–1597. [CrossRef]
17. Acemoglu, D. Technical Change, Inequality, and the Labor Market. J. Econ. Lit. 2002, 40, 7–72. [CrossRef]
18. Kadir, B.A.; Broberg, O. Human well-being and system performance in the transition to industry 4.0. Int. J. Ind. Ergon. 2020,

76. [CrossRef]
19. Ohrimenco, S.; Borta, G.; Tetiana, B. Shadow of digital economics. In Proceedings of the 2019 IEEE International Scientific-Practical

Conference: Problems of Infocommunications Science and Technology (PIC S and T 2019), Kyiv, Ukraine, 8–11 October 2019;
Institute of Electrical and Electronics Engineers Inc.: Piscataway, NJ, USA, 2019; pp. 776–780.

20. Gaspareniene, L.; Remeikiene, R. Digital Shadow Economy: A Critical Review of the Literature. Mediterr. J. Soc. Sci. 2015. [CrossRef]
21. Borgida, E.; Sullivan, J.L.; Oxendine, A.; Jackson, M.S.; Riedel, E.; Gangl, A. Civic culture meets the digital divide: The role of

community electronic networks. J. Soc. Issues 2002, 58, 125–141. [CrossRef]
22. Milner, H.V. The digital divide: The role of political institutions in technology diffusion. Comp. Polit. Stud. 2006, 39, 176–199. [CrossRef]
23. Ono, H.; Zavodny, M. Digital inequality: A five country comparison using microdata. Soc. Sci. Res. 2007, 36, 1135–1155. [CrossRef]
24. Chinn, M.D.; Fairlie, R.W. The determinants of the global digital divide: A cross-country analysis of computer and internet

penetration. Oxf. Econ. Pap. 2007, 59, 16–44. [CrossRef]
25. Pick, J.B.; Azari, R. Global digital divide: Influence of socioeconomic, governmental, and accessibility factors on information

technology. Inf. Technol. Dev. 2008, 14, 91–115. [CrossRef]
26. Van Deursen, A.; van Dijk, J. Internet skills and the digital divide. New Media Soc. 2011, 13, 893–911. [CrossRef]
27. Van Dijk, J.A.G.M. Digital divide research, achievements and shortcomings. Poetics 2006, 34, 221–235. [CrossRef]
28. Gui, M.; Fasoli, M.; Carradore, R. Digital well-being. Developing a new theoretical tool for media literacy research. Ital. J. Sociol.

Educ. 2017, 9, 155–173. [CrossRef]
29. Park, C.M. The quality of life in South Korea. Soc. Indic. Res. 2009, 92, 263–294. [CrossRef]
30. Torres, P.; Augusto, M. Digitalisation, social entrepreneurship and national well-being. Technol. Forecast. Soc. Chang. 2020,

161. [CrossRef]
31. Vilpponen, H.; Leikas, J.; Saariluoma, P. Designing digital well-being of senior citizens. In Proceedings of the International

Conference on Human System Interaction, HIS, Tokyo, Japan, 6–8 June 2020; IEEE Computer Society; pp. 40–44.
32. Hill, R.; Betts, L.R.; Gardner, S.E. Older adults experiences and perceptions of digital technology: (Dis)empowerment, wellbeing,

and inclusion. Comput. Hum. Behav. 2015, 48, 415–423. [CrossRef]
33. Nguyen, M.H.; Gruber, J.; Fuchs, J.; Marler, W.; Hunsaker, A.; Hargittai, E. Changes in Digital Communication During the

COVID-19 Global Pandemic: Implications for Digital Inequality and Future Research. Soc. Media Soc. 2020, 6. [CrossRef]
34. Kim, J.; Lee, J.E.R. The facebook paths to happiness: Effects of the number of Facebook friends and self-presentation on subjective

well-being. Cyberpsychol. Behav. Soc. Netw. 2011, 14, 359–364. [CrossRef]
35. Clark, J.L.; Algoe, S.B.; Green, M.C. Social Network Sites and Well-Being: The Role of Social Connection. Curr. Dir. Psychol. Sci.

2018, 27, 32–37. [CrossRef]

http://doi.org/10.1007/s00146-009-0236-z
http://doi.org/10.1016/j.econlet.2009.03.028
http://doi.org/10.1111/j.1467-9442.2005.00430.x
http://doi.org/10.1257/aer.91.4.909
http://doi.org/10.1111/j.1468-0297.2011.02420.x
http://doi.org/10.1016/j.tele.2016.12.007
http://doi.org/10.1177/002795011924900110
http://doi.org/10.25300/MISQ/2016/40.2.07
http://doi.org/10.1088/1755-1315/421/3/032048
http://doi.org/10.1007/s11205-019-02153-5
http://doi.org/10.3390/su10020440
http://doi.org/10.1016/j.techfore.2016.08.019
http://doi.org/10.1257/aer.103.5.1553
http://doi.org/10.1257/jel.40.1.7
http://doi.org/10.1016/j.ergon.2020.102936
http://doi.org/10.5901/mjss.2015.v6n6s5p402
http://doi.org/10.1111/1540-4560.00252
http://doi.org/10.1177/0010414005282983
http://doi.org/10.1016/j.ssresearch.2006.09.001
http://doi.org/10.1093/oep/gpl024
http://doi.org/10.1002/itdj.20095
http://doi.org/10.1177/1461444810386774
http://doi.org/10.1016/j.poetic.2006.05.004
http://doi.org/10.14658/pupj-ijse-2017-1-8
http://doi.org/10.1007/s11205-008-9348-y
http://doi.org/10.1016/j.techfore.2020.120279
http://doi.org/10.1016/j.chb.2015.01.062
http://doi.org/10.1177/2056305120948255
http://doi.org/10.1089/cyber.2010.0374
http://doi.org/10.1177/0963721417730833


Sustainability 2021, 13, 611 11 of 11

36. Lee, G.; Lee, J.; Kwon, S. Use of social-networking sites and subjective well-being: A study in South Korea. Cyberpsychol. Behav.
Soc. Netw. 2011, 14, 151–155. [CrossRef] [PubMed]

37. Valkenburg, P.M.; Peter, J.; Schouten, A.P. Friend networking sites and their relationship to adolescents’ well-being and social
self-esteem. Cyberpsychol. Behav. 2006, 9, 584–590. [CrossRef]

38. Morris, M.D. A physical quality of life index. Urban Ecol. 1978, 3, 225–240. [CrossRef]
39. Liu, B.C. Quality of life indicators: A preliminary investigation. Soc. Indic. Res. 1974, 1, 187–208. [CrossRef]
40. Slottje, D.J. Measuring the Quality of Life across Countries. Rev. Econ. Stat. 1991, 73, 684. [CrossRef]
41. Dasgupta, P.; Weale, M. On measuring the quality of life. World Dev. 1992, 20, 119–131. [CrossRef]
42. Diener, E.; Suh, E. Measuring quality of life: Economic, social, and subjective indicators. Soc. Indic. Res. 1997, 40, 189–216. [CrossRef]
43. Pukeliene, V.; Starkauskiene, V. Quality of life: Factors determining its measurement complexity. Eng. Econ. 2011, 22, 147–156. [CrossRef]
44. Osberg, L.; Sharpe, A. An index of economic well-being for selected OECD countries. Rev. Income Wealth 2002, 48, 291–316. [CrossRef]
45. Bérenger, V.; Verdier-Chouchane, A. Multidimensional Measures of Well-Being: Standard of Living and Quality of Life across

Countries. World Dev. 2007. [CrossRef]
46. Helliwell, J.F.; Richard, L.; Jeffrey, S.D.; Jan-Emmanuel, D.N. World Happiness Report 2020. Available online: https://

worldhappiness.report/ed/2020/ (accessed on 19 November 2020).
47. UNDP. Human Development Indices and Indicators; UNDP: New York, NY, USA, 2018.
48. IMD. IMD World Digital Competitiveness Ranking 2019; IMD World Competitiveness Center: Lausanne, Switzerland, 2019.
49. Hill, R.P.; Dhanda, K.K. Technological Achievement and Human Development: A View from the United Nations Develop-

ment Program on JSTOR. Available online: https://www.jstor.org/stable/20069703?origin=JSTOR-pdf&seq=1 (accessed on 31
December 2020).

50. Škare, M.; Soriano, D.R. A dynamic panel study on digitalization and firm’s agility: What drives agility in advanced economies
2009–2018. Technol. Forecast. Soc. Chang. 2020, 120418. [CrossRef]

51. Jafari-sadeghi, V.; Garcia-Perez, A.; Candelo, E.; Couturier, J. Exploring the impact of digital transformation on technology
entrepreneurship and technological market expansion: The role of technology readiness, exploration and exploitation. J. Bus. Res.
2021, 124, 100–111. [CrossRef]

52. ISO Country Codes List—ISO ALPHA-2, ISO ALPHA-3 and Numerical Country Codes—Nations Online Project. Available
online: https://www.nationsonline.org/oneworld/country_code_list.htm (accessed on 19 November 2020).

53. Jones, C.I.; Klenow, P.J. Beyond GDP? Welfare across countries and time. Am. Econ. Rev. 2016. [CrossRef]
54. Graham, C. Reopening America: How Division and Vulnerability Hamper Our Response. Available online: https://

www.brookings.edu/blog/up-front/2020/06/25/reopening-america-how-division-and-vulnerability-hamper-our-response/
(accessed on 31 December 2020).

http://doi.org/10.1089/cyber.2009.0382
http://www.ncbi.nlm.nih.gov/pubmed/20649450
http://doi.org/10.1089/cpb.2006.9.584
http://doi.org/10.1016/0304-4009(78)90015-3
http://doi.org/10.1007/BF00302887
http://doi.org/10.2307/2109407
http://doi.org/10.1016/0305-750X(92)90141-H
http://doi.org/10.1023/A:1006859511756
http://doi.org/10.5755/j01.ee.22.2.311
http://doi.org/10.1111/1475-4991.00056
http://doi.org/10.1016/j.worlddev.2006.10.011
https://worldhappiness.report/ed/2020/
https://worldhappiness.report/ed/2020/
https://www.jstor.org/stable/20069703?origin=JSTOR-pdf&seq=1
http://doi.org/10.1016/j.techfore.2020.120418
http://doi.org/10.1016/j.jbusres.2020.11.020
https://www.nationsonline.org/oneworld/country_code_list.htm
http://doi.org/10.1257/aer.20110236
https://www.brookings.edu/blog/up-front/2020/06/25/reopening-america-how-division-and-vulnerability-hamper-our-response/
https://www.brookings.edu/blog/up-front/2020/06/25/reopening-america-how-division-and-vulnerability-hamper-our-response/

	Introduction 
	Materials and Methods 
	Indicators 
	Research Procedure and Methods 

	Results 
	The Results of Correlation and Visual Matrix Analysis 
	Classification of Countries by the Level of HDI and WDCR 

	Discussion 
	Results Discussion 
	Research Limitations and Direction of Further Research Development 

	References

