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ABSTRACT

Relevance. The digital economy and the digitalization of business and public
administration are progressing rapidly in Russia. However, significant dispar-
ities in ICT access, usage, and outcomes between regions persist, potentially
contributing to widening socio-economic inequalities.

Research objective. This study aims to demonstrate that digital skills are a key
factor in regional development. It tests the hypothesis that regions with dis-
parities in Internet adoption and digital skills also experience disparities in re-
gional development, as reflected in key socio-economic indicators. Additional-
ly, the study analyzes the impact of digital skills on per capita income and un-
employment.

Data and methods. The study uses data from a sociological survey conducted
by the Federal Statistics Service (Rosstat) and the Higher School of Economics
to characterize the digital skills of the population. Principal component analysis
is applied to construct a composite index, the Internet Adoption Index, which
reflects both the accessibility and use of the Internet across Russian regions.
This index, alongside digital skills data, is used to group regions. Two-sample
t-tests for equal and unequal variances are employed for initial comparisons of
regional indicators. In the second stage, regression analysis is used to test the
hypothesis that without improved digital skills, access to ICT does not lead to
higher personal income or lower unemployment.

Results. The study reveals that only 12 out of the considered 83 Russian re-
gions exhibit relatively high levels of Internet adoption and above-average digi-
tal skills. Despite well-developed infrastructure, many regions still have low lev-
els of digital proficiency. The age and gender structure of the population have
little impact on regional digital skills. However, regions with greater access to
the Internet and higher digital skills show higher economic growth, higher in-
comes, and lower unemployment.

Conclusion. The findings provide strong evidence that digital skills are close-
ly linked to socio-economic development. The results highlight the importance
of policies aimed at improving digital literacy, particularly as the digital econo-
my continues to expand.
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IlndpoBhie HABBIKY M COLNAIBHO-3KOHOMHYECKOEe pa3BUTHE:

aHa/iu3 peruoHoB Poccuun

AHHOTAIIUA

AxryanbHOCTb. [IndpoBas sxoHoMMKa 11 L poBusarys 6u3Heca 1 rocyfap-
CTBEHHOTI'O yIIpaBjIeHU: pa3BuBawTcsa B Poccun focrarouno ycnemso. OpHa-
KO pa3jn4usA B JOCTYIIE, CIIO/NIb30BAaHUN U pe3y/bTaTaX UCIONb30BaHNA VH-
(opMaLMOHHO-KOMMYHMKALIVIOHHBIX TEXHOIOTUII MEXAY pernonamu Poccun
BBICOKM, YTO MOXKET IIPUBECTY K POCTY COIIMAaTbHO-9KOHOMUYECKOTO HepaBeH-
CTBa.

Ienp uccnegosanus. Llenbio JaHHOTO MCCENOBAaHNUA ABAETCA I€MOHCTpa-
LM TOTO, YTO LM(POBbIe HABBIKM HAceTIeHNs IIPefCTaBIAT co60il 3HaUM-
MYIO XapaKTePUCTUKY PeTMOHAIbHOrO pa3BUTHA. C 3TOI Lie/IbIo IPOBEPAeTCA
U M3y4aeTcsA TUIIOTe3a O TOM, YTO PETMOHBI, JeMOHCTPUPYIOIME Pa3INins B
CTereHM BOCTpeOOBaHHOCTH VIHTepHeTa U ypoBHe LM(POBBIX HABBIKOB Hace-
JIeHUsA, BeMOHCTPUPYIOT pasanyuusA B PeTMOHATbHOM Pa3sBUTUM, M3MepsieMble
K/II0UeBBIMIU ITOKa3arensiMu. Kpome Toro, aHanmmusupyercsi BiusHue [udpoBbIX
HABBIKOB Ha JOXOJ] Ha YLy HaceneHus u 6e3paboTuily.

IanHbIe 1 MeTOAbI. B ncCcIefoBaHNM UCIONb3YIOTCA IaHHbIE COLMOJIOTIYe-
CKOTO OIpoca, nposefieHHOro defepanbHoll C1y>X00ii rOCyAapCTBEHHOI CTa-
tuctuky (Poccrat) u Boiciiert konoit 9SKOHOMMKM IJ11 XapaKTepUCTUKY Ln-
POBBIX HaBBIKOB HaceleHMA. MeToy I7TaBHBIX KOMIIOHEHT NPUMEHAETCA I
IIOCTPOEHNA KOMIIO3UTHOTO MHJIeKCa, KOTOPBIil MbI Ha3bIBaeM VIHiekcoM Ipu-
HATUA VIHTepHeTa, OTpaXKalolero KaK JOCTYIHOCTb, TaK ¥ MCIO/Nb30BaHNe
MuTepHeTa HacenenneM pernoHoB Poccun. [Ina rpynmmpoBku pernoHos Poc-
CHJ UCTIONIb3YIOTCS IHAEKC NIPUHATHA VIHTepHeTa U ypOBeHb LU(PPOBBIX Ha-
BBIKOB. []/1s1 IepBMYHOrO CpaBHEHM OCHOBHBIX ITOKa3aTesiell TPYIII PErYIOHOB
VICIIO/IB3YIOTCST IBYXBBIOOPOUYHBIE t-TeCThI [/Is1 PABHBIX U HEPABHBIX AVICIIEp-
cuit. Ha BTOpoM 3Tamne mcciefnoBaHys Mbl MCIIOb3yeM PerpecCOHHbIN aHa-
M3 i TIPOBEPKY TUIIOTE3bl O TOM, 4TO 6e3 moBbllieHNs {U(POBBIX HABBI-
KOB JIOCTYII K MH(OPMAIMIOHHO-KOMMYHIKAIIVIOHHBIM T€XHO/IOTMSM He Hpu-
BOJIUT K POCTY JJOXOZIOB HaCe/IeHMs MM CHYDKEHMIO 0e3paboTHIIbl B perMoHax.
Pesynbrarpl. Ha ocHOBe MOCTPOEHHOTO MHJiEKCa ¥ yPOBHA Lin¢poBoil Tpa-
MOTHOCTH Hace/leHUs UCCIeNOBaHMe TI0Ka3bIBaeT, YTO TONbKO 12 m3 83 pac-
CMaTpUBAaEMBIX PErMOHOB Poccuy MMET OTHOCUTENBHO BBICOKMII YPOBEHD
BHelpeHus VIHTepHeTa M UMPOBble HABBIKYM HACEEHMUsI BbIIE CPETHETO.
YpoBeHb BrafieHus MHOOPMALVOHHBIMY TEXHOMOTMSIMI BO MHOTMX PETMOHAX
0CTaeTCcst HU3KMM Jaxke pu pasButoit nHppacTpykrype. Jemorpadpuyeckas
CTPYKTypa Hace/leH!s He OKa3bIBaeT CYIeCTBEHHOTO BIMAHNSA Ha 11(poBbIe
HaBBIKM >KUTenell pernoHa. IIpy aToM pacueThl IOKa3bIBaIOT, YTO T€ PETMOHBL,
B KOTOPBIX Hace/eHe 06ecriedeHo JOCTYIOM K VIHTepHeTY 1 MeeT pasBUThIE
1QpoBbIe HABBIKY, XapaKTepU3YIOTC 60Jiee BHICOKMMM TEMITaMJ 9KOHOMU-
YeCKOTro pocTa, 60jee BBICOKMMI JOXOfAaMM 1 6ojlee HU3KMM ypOBHeM Oe3pa-
6OTUIIBI.

BoiBogpl. JlaHHOe MccefoBaHMe YOe[uTENIbHO ROKas3biBaeT, 4To Lu¢po-
Bble HaBbIKU U COLIMA/IbHO-9KOHOMMYECKOE Pa3BUTNe HEPa3pbIBHO CBA3aHBL
Hamy pe3ynbrarsl MOATBEP)K/AI0T BaXKHOCTD IOUTUKY Pa3BUTHA LU(POBOI
TPaMOTHOCTM HaceleHMsI, 0COOEHHO B YCIOBUSX pacIuypeHus LudpoBoil 9KO-
HOMMKIN.
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Introduction

The digital transformation of the economy,
society, and public life is a key feature of the mod-
ern age. It is driven by technological advance-
ments and the growing use of digital technologies.
In business, this transformation goes beyond sim-
ply adopting digital tools to create new value—it
also brings significant changes to business mod-
els (Rachinger et al., 2019). The ultimate objec-
tive of digital transformation is to enhance pro-
ductivity and efficiency in business units and the
economy as a whole (Bai et al., 2024) . It is further
argued that this can assist in achieving sustain-
ability goals (Guandalini, 2022). Digital trans-
formation has given rise to the digital economy,
which encompasses “any economic activity en-
abled by the use of ICT goods and digital services,
reflecting the spread of digitalization across the
whole economy” (Handbook on Measuring Digital
Trade, 2023). The expansion of the digital econ-
omy impacts various sectors, including the labor
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market and employment (Charles et al., 2022),
industry (Chen et al., 2022), and transportation
(Chinoracky & Corejové, 2019). It also reshapes
the banking sector by changing the range of ser-
vices and working methods (Osei et al., 2023),
introducing new services into daily life, such as
e-government, telemedicine, and online educa-
tion. As digital engagement continues to grow in
both scope and complexity, the demand for digital
skills becomes increasingly important.

The digital divide—disparities in access to,
use of, and outcomes from information and com-
munication technologies—remains a key concern
for researchers and policymakers (Lythreatis et al.,
2022). It is driven by income inequality, unequal
opportunities (Corak, 2013), varying willing-
ness to use the internet, and differences in digital
skills. The development of these skills, however,
depends on adequate infrastructure for internet
access, data storage, and transmission (Balashova
& Musin, 2022).
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While the digital divide was once primarily a
“coverage gap, it has evolved into a “usage gap”
Digital skills are now essential in both business
and daily life, encompassing competencies rang-
ing from basic computer literacy to data process-
ing, analysis, visualization, effective digital com-
munication, and cybersecurity awareness. Digital
inequality deepens economic disparities, limits
access to essential services (public, education-
al, and informational), restricts participation in
e-commerce, and ultimately hinders broader so-
cietal progress. Ensuring equal access to ICT ser-
vices and the ability to use them effectively plays a
crucial role in improving quality of life (Alhassan
& Adam, 2021).

The digital economy and digitalization of busi-
ness and public administration are developing
quite successfully in Russia. In international rank-
ings of digital development, such as the Network
Readiness Index', Inclusive Internet Index?, e-Gov-
ernment Development Index’, and Mobile Con-
nectivity Index*, Russia is in the top 30% of coun-
tries. The availability of Internet access, the quality
of communication networks, and the affordability
of Internet access in the country are rated as high.

The uneven development of Russian regions
(Safronov & Zotova, 2021; Timiryanova et al.,
2022), particularly disparities in digital advance-
ment, calls for a more detailed analysis of the re-
lationship between the demand for ICT services
and the ability to use them in connection with so-
cio-economic factors such as income, unemploy-
ment, and education. This analysis should also
take into account broader trends in economic and
social development.

To assess Russian regions in terms of internet
access and demand, we constructed a composite
index using two key indicators: accessibility and
active internet use. The index, referred to as the
Internet Adoption Index, is derived through the
principal component method.

Data from a sociological survey conducted by
the Federal Statistics Service (Rosstat) and the sur-

! Network Readiness Index. https://networkreadinessin-
dex.org

2 The inclusive Internet Index. https://impact.economist.
com/projects/inclusive-internet-index

* e-Government Development Index. https://publicadmin-

istration.un.org/egovkb

* Mobile Connectivity Index. https://www.mobileconnec-
tivityindex.com
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vey of the Higher School of Economics (HSE) is
used to characterize digital skills among the pop-
ulation. The assessment methodology aligns with
Eurostat’s framework (https://ec.europa.eu/eu-
rostat/), which defines overall digital skills across
five domains: information and data literacy, com-
munication and collaboration, digital content cre-
ation, safety, and problem-solving. To be classified
as possessing at least basic digital skills, individu-
als must demonstrate competence in at least one
activity within each domain.

By combining the Internet Adoption In-
dex with the digital skill levels of the population,
Russian regions are categorized into four groups,
ranging from the most to the least advanced in
ICT use.

The objective of this study is to examine how
regional discrepancies in internet adoption and
digital skills relate to variations in key socio-eco-
nomic indicators. The hypothesis tested is that,
without improvements in digital skills, access to
ICT alone does not lead to higher personal in-
come or lower unemployment in the regions.

The article is structured as follows. The next
section reviews the academic literature on the im-
pact of ICT on economic development and digita-
lization trends in Russia and other countries. The
“Methods and Data” section outlines the method-
ology and data sources. The subsequent sections
present the results and conclusions.

Theoretical Framework

The impact of information technology de-
velopment on economic growth and human wel-
fare has long been a focus of academic interest. In
the early 2000s, numerous studies highlighted the
positive effects of ICT investments on economic
growth, particularly in developed industrial econ-
omies (Jorgenson & Stiroh, 2000; Jorgenson & Vu,
2005; OECD, 2003; Oliner et al., 2008). While the
extent to which ICT drives economic growth re-
mains a topic of debate (Stanley, Doucouliagos,
& Steel, 2018), the prevailing view is that invest-
ment in ICT has been a key driver of the digital
economy, contributing to increased productivity
and economic expansion (Assessing the Impact of
ICT Investments on Growth, 2023; Jorgenson &
Vu, 2016; Niebel, 2018).

However, sustained productivity gains and
economic growth in the digital era cannot be
achieved without a simultaneous increase in hu-
man capital. The development of the digital econ-
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omy requires not only financial investment in
technology and widespread access—particular-
ly to the internet—but also the skills necessary to
use these technologies effectively.

Hallova et al. (2024) emphasize that digital
skills have become essential for economic growth,
as they enhance business performance and, in
turn, contribute to national economic develop-
ment. According to OECD and EU data, approxi-
mately 90% of jobs now require digital skills, high-
lighting their growing importance in the labor
market. Antonijevi¢ et al. (2023) further demon-
strate a strong positive correlation between digi-
tal skills and national development, as measured
by gross national income per capita. This suggests
that higher levels of digital literacy are associated
with greater economic progress.

A recent study by Abbas and Zaman (2024)
argues that digitalization can significantly boost
economic growth, reduce poverty and inequality,
and support emerging economies in achieving the
UN’s Sustainable Development Goals (SDGs).

Cruz-Jesus et al. (2017) used a sample of 110
countries to show a non-linear relationship be-
tween digital and economic development, with
particularly stronger effects in poorer countries.
This study has some very important policy impli-
cations, suggesting that digital skills can have a sig-
nificant impact on economic development in these
underdeveloped regions. Another study by James
(2011), focusing on digital transformation in de-
veloping countries, demonstrated that addressing
the lack of digital skills in poor countries requires a
multifaceted policy approach, including increasing
the supply of skills and leveraging local resources.

Developing countries, including the BRICS,
are prioritizing digital transformation to improve
competitiveness and socio-economic well-being.
This includes improving digital infrastructure and
digital literacy (Kolesnik et al., 2023). However,
authors identify significant challenges that hinder
the rapid achievement of the Sustainable Devel-
opment Goals in BRICS countries, such as the lev-
el of development of digital infrastructure, the de-
gree of adoption of digital technologies in busi-
ness and everyday life, and the need for education
and training for the digital economy. Chetty et al.
(2018) emphasize that digital skills are essential to
bridge the digital divide, empower the poor and
break the cycle of poverty. However, a compre-
hensive strategy is needed to develop these skills,
taking into account socio-cultural norms.

R-ECONOMY J

Russia is actively developing its digital econ-
omy (Nureev & Karapaev, 2019), with a particu-
lar emphasis on advancing ICT infrastructure and
digital platforms. The country has made signifi-
cant strides in improving its digital infrastructure
and ranks among the top 10 nations in e-com-
merce (Kim, 2023). Several government poli-
cies have been implemented to foster the digital
economy, focusing on creating a robust informa-
tion and telecommunications infrastructure. The
“Digital Economy of the Russian Federation” pro-
gram outlines strategic goals and targets for digi-
tal development up to 2030. Additionally, Russia
is pursuing international cooperation, particular-
ly with China, to enhance its digital economy (Be-
lova et al., 2023).

Despite these advancements, Russia has
not yet become a global leader in digitalization.
Kuznetsov et al. (2020) highlight the need for
more intensive policies and efforts to close the
gap with the leading countries. Key obstacles in-
clude insufficient funding and the need to mod-
ernize traditional infrastructure (Anoshiva & Si-
monov, 2020). Another significant challenge is the
country’s heavy dependence on imported tech-
nologies, which poses risks to information secu-
rity (Betelin, 2018). Furthermore, some studies
have indicated that the ICT industry’s contribu-
tion to Russia’s GDP has not increased as expect-
ed, suggesting the need for more business initia-
tives within the real economy sector (Romanyuk
et al., 2021).

Arkhipova and Sirotin (2019) identify fac-
tors influencing ICT development in Russian re-
gions. They show that mobile communication
costs, combined with the structure of household
expenses, significantly impact ICT accessibility
for the population.

However, there is a gap in the literature re-
garding the evaluation of how the availability of
ICT and digital skills influence socio-economic
factors such as income levels and unemployment
rates. Unemployment is often linked to econom-
ic growth rates, with increased growth typical-
ly leading to reduced unemployment. Therefore,
a negative relationship between these variables is
expected, particularly in crisis periods. Economic
crises are known to result in lower labor demand
and reduced income levels. The 2020 crisis led to a
rise in unemployment in Russia, although the in-
crease was not as severe as in other countries due
to employment measures implemented in Rus-
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sia to mitigate the crisis, such as reduced working
hours, forced unpaid leave, and specific employ-
ment support initiatives. The crisis also affected
average per capita income in Russia (Balashova,
2022; Zabelina & Sergeeva, 2022).

The hypothesis of this study is that region-
al disparities in unemployment and per capita
income in 2021 were influenced not only by re-
gional GRP levels in the preceding period and the
speed of recovery from the COVID-19 crisis but
also by variations in internet access and digital lit-
eracy. Therefore, we intend to investigate how dig-
ital competencies influence the benefits derived
from digital economy development, with a focus
on monitoring ICT accessibility and its impact on
socio-economic outcomes.

Method and Data

The data on the socio-economic indicators
of Russian regions come from the corresponding
Rosstat collection “Russian Regions 2023™>. We
consider a number of key indicators, including
GRP per capita, average per capita cash income,
GRP growth rate, and the unemployment rate.
We also employ the results of the Selective Feder-
al Statistical Survey, entitled “The Use of Informa-
tion Technologies and Information and Telecom-
munication Networks by the Population”, cover-
ing 83 regions of Russia in the period from 2013
to 2021°. The Republic of Crimea and the federal
city of Sevastopol were excluded from the analy-
sis in order to facilitate the comparison of results
from the 2021 survey with those of the pioneering
survey of this kind, which was conducted in 2013.

We focus on 2021 indicators in our analysis
because the Covid-19 pandemic accelerated dig-
ital transformation processes, leading to a signif-
icant increase in the number of people using the
internet and digital services. On the other hand,
the Russian economy had largely recovered in
2021 after the crisis triggered by the pandemic.
However, the geopolitical tensions and econom-
ic sanctions that took effect in 2022 had a consid-
erable impact on the socio-economic indicators of
Russian regions. To avoid confusion, the analysis
uses data from 2021.

> Russian Regions 2023. https://rosstat.gov.ru/folder/210/
document/13204 (accessed March 21, 2024)

¢ Statistical tables of the Selective Federal Statistical Sur-
vey for 2021. https://rosstat.gov.ru/free doc/new site/busi-
ness/it/ikt23/index.html (accessed August 20, 2024)
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In line with the Federal Statistics Survey, the
indicators employed in this study include the to-
tal number of internet users as a percentage of
households (denoted as INT1 in the subsequent
formulae) and the number of daily internet us-
ers as a percentage of the population aged 15 and
over (denoted as INT2). These indicators reflect
the demand for the internet among residents of
the regions

Since the primary objective was to examine
the digital literacy of the population and their
use of the internet for various purposes, we used
the average digital skills characteristics by region
across Russia (denoted as INT3), as reported in
the “Digital Economy Indicators in the Russian
Federation” databook’.

The descriptive statistics of the 2021 indica-
tors are presented in Table 1.

Principal Component Analysis (PCA) is uti-
lised in the construction of a composite index,
herein designated as the Internet Adoption Index.
This index is employed to both characterize in-
ternet accessibility and frequency of use. In gen-
eral PCA is used to reduce the dimensionality of
a data set consisting of a large number of inter-
related variables while retaining as much as pos-
sible of the variation present in the data set. This
is achieved by transforming to a new set of vari-
ables, the PCs, which are uncorrelated and or-
dered so that the first few retain most of the vari-
ation present in all of the original variables (Jol-
life & Cadima, 2016). In this study, two indicators
are utilized: the total number of Internet users,
expressed as a percentage of households, and
the number of daily Internet users, expressed as
a percentage of the population aged 15 and above.
These variables are highly correlated, thus permit-
ting the utilization of PCA for the purpose of their
combination.

Standardization is a necessary step before
proceeding to an aggregation process, which is
crucial to prevent variables with different mea-
surement units and disproportionate ranges from
receiving undue importance at the expense of oth-
ers (Gilthorpe, 1995).

Based on the cumulative amount of variance,
which is about 90%, only the first component is
used in the further analysis. The first principal
component is denoted as the Internet Adoption

7 The databook ICE2022 https://www.hse.ru/en/prima-
rydata/ice2022 (accessed August 20, 2024)
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Table 1

Descriptive statistics of ICT availability and digital skills in Russia

Descrinti Total Internet users, Daily Internet users, Only basic digital skills,
escriptive 3 :
statistics as a percentage of households as a percentage of population as a percentage of population
(INT1) over age 15 (INT2) over age 15 (INT3)
Mean 83.3 75.4 45.7
Median 81.3 74.6 45.2
Maximum 98.5 94.3 67.6
Minimum 72.0 61.5 27.0
Std. Deviation 6.3 7.2 8.4

Source: The authors’ calculations are based on statistical data from the databook: https://www.hse.ru/en/primarvydata/

ice2022 (accessed date March 21, 2024)

Index among the population and is callucated as
follows:

Internet Adoption Index =

INT1—-mean(INT1)
stdev(INT1)

INT?2 —mean(INT?2)
stdev(INT?2)

where al and a2 are loadings, INT1 is the total In-
ternet users (%), and INT2 is the number of daily
Internet users (%).

To group regions, two criteria are used: the In-
ternet Adoption Index and the level of ICT skills
(denoted as INT3). The INT3 indicator is stan-
dardized, that is:

, (1)

+a2

INT3_ NORM = INT3 - mean(INT3). 2)

stdev(INT3)

The zero values of the Internet Adoption
Index (Internet adoption index equals zero
if INTI equals the mean and INT2 equals the
mean) and INT3_NORM (which means that the
proportion of the population with only basic
skills equals the Russia average) are the bound-
aries for grouping.

Hypotheses regarding differences between
selected groups are tested using the Student’s
t-test and Welch’s t-test (a modification for un-
equal variances), as well as the non-parametric
Mann-Whitney test for equality of medians. Cor-
relation and regression analysis are employed to
explore the relationship between socio-econom-
ic indicators and digital skills. Specifically, models
are developed to examine the dependence of per
capita income and the unemployment rate on the
Internet Adoption Index and digital competen-
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cies, while controlling for the growth rate of GRP
and GRP per capita from the previous period.

Yi =B0+BIIAI+BZSS+ZYiji+6i’ (3)
where Y, is one on the dependent variables, Al
is the score of Internet Adoption Index, and Z]
stands for controlling variables. To facilitate the
interpretation of regression analysis, we use the
Skills Score variable (denoted as SS in equation
(3)), which is calculated as follows:

(1-INT3)—min(1—INT3) (4)
max(1—INT3)—min(1-INT3)’

The region with the smallest proportion of the
population with only basic digital skills receives a
score of 1. The region with the largest proportion
of the population with only basic digital skills re-
ceives a score of 0.

The Wald test is used to evaluate the signifi-
cance of the total contribution of the variables of
interest to the quality of the estimate of the corre-
sponding equation.

The results of estimating equation (3) for the
unemployment rate are used to construct a sce-
nario comparing unemployment and GDP per
capita at two extreme levels of digital skills. The
impact of the steady growth of GDP per capi-
ta on the unemployment rate is examined, while
controlling for the level of Internet adoption, at
both very low digital skills (30% of the population
with skills above basic) and very high digital skills
(70% of the population with skills above basic).

SkillsScore =

Results
Descriptive analysis and regional grouping

On average, Russian regions have high inter-
net availability and a relatively high level of de-
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Figure 1. Relationship between the Internet Adoption Index and the proportion of the population with
basic digital skills

Source: The authors’ calculations are based on data from the survey of 2021 https://rosstat.gov.ru/free_doc/new _site/

business/it/ikt23/index.html and the databook ICE2022 https://www.hse.ru/en/primarydata/ice2022 (accessed August 20,
2024)

mand for it (see Table 1 above). Notably, in 2013,
the proportion of households with Internet access
was 67.2%, and the proportion of active Internet
users aged 15 to 72 was only 61.4%. This high-
lights a substantial increase in Internet usage over
the past 18 years. However, regional disparities in
Internet adoption remain significant in 2021.

The high correlation coefficient between to-
tal Internet users (INTI1) and daily Internet users
(INT2) (r=0.78) allows for combining these two in-
dicators into a single composite Internet Adoption
Index, as explained in the Methodology section.

According to PCA, loadings and in equation
(1) are equal to 0.707, thereby reflecting the notion
that discrepancies between regions are expressed
both in internet accessibility and frequency of use.

The scatter plot illustrating the relationship
between the Internet Adoption Index and the pro-
portion of the population possessing basic digital
skills is presented in Figure 1.

Importantly, the level of demand for the In-
ternet is weakly correlated with the level of digi-
tal skills.

We define four groups of regions based on
the level of Internet adoption and digital skills

R-ECONOMY J

(Table 2). Group 1, which has a high level of In-
ternet demand and high digital skills, includes
only 12 regions. These are from the Central Fed-
eral District (Moscow, Moscow Region, Tula Re-
gion), Far Eastern Federal District (Primorsky
Krai and Chukotka Autonomous District), North-
western Federal District (St. Petersburg and Mur-
mansk Region), Siberian Federal District (Novo-
sibirsk and Omsk Regions), as well as Orenburg
Region (Volga Federal District) and Rostov Re-
gion (Southern Federal District). This group con-
sists of regions that are geographically distant and
do not form a single cluster (Fig. 2).

Group 2 consists of 23 regions, which have
high Internet penetration but below-average dig-
ital skills. Group 3 is the largest, with 32 regions
(38% of the 83 regions surveyed). In this group,
the average percentage of households with Inter-
net access (INT1) is 77.5%, the average percentage
of active Internet users (INT2) is 69.7%, and the
average percentage of users with only basic skills
(INT3) is 40.8%.

The results of one-way analysis of variance
(ANOVA and Welch) F-tests indicate statistical-
ly significant differences between the groups in
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Figure 2. Location of the four groups of regions
Note: Grouping is based on the level of Internet adoption and the proportion of the population with only basic digital skills

Source: The authors’ calculations are based on data from the survey of 2021 https://rosstat.gov.ru/free_doc/new_site/
business/it/ikt23/index.html and the databook ICE2022 https://www.hse.ru/en/primarydata/ice2022 (accessed August 20,

2024)

terms of the Internet Adoption Index and digital
skills.

Table 2
Grouping of Russian regions
Group Internet | Users w1th only Num!)er of
adoption basic skills regions
Group 1 | Above average | Below average 12
Group 2 | Above average | Above average 23
Group 3 | Below average | Below average 32
Group 4 | Below average | Above average 16

Source: The authors’ calculations are based on data from
the survey of 2021 https://rosstat.gov.ru/free_doc/new
site/business/it/ikt23/index.html and the databook
ICE2022 https://www.hse.ru/en/primarydata/ice2022
(accessed August 20, 2024)

Table 3 presents the descriptive statistics, in-
cluding the means and standard deviations, for
the key socio-economic indicators across the four
regional groups. Group 1 is clearly distinguished
by higher internet adoption and digital skills. Re-
gions in this group stand out in several key areas,
including higher average per capita incomes, fast-
er economic recovery post-2020, and higher re-
gional economic growth rates from 2018 to 2021.
Additionally, the average unemployment rate in
Group 1 is notably lower compared to the other
groups. However, no statistically significant dif-

R-ECONOMY 4

ferences were found in the average values of key
socio-economic indicators between Groups 2, 3,
and 4.

This clearly demonstrates that the provision
of ICT technologies and the ability to use them at
a level higher than basic are characteristic of more
economically developed regions. It is hypothe-
sized that insufficient development of telecom-
munications infrastructure and/or limited digi-
tal skills may act as barriers to economic develop-
ment in Russian regions. Notably, only regions in
Group 1 show significantly higher per capita in-
come, faster recovery from the 2020 crisis, higher
growth rates over the past three years, and lower
unemployment rates. This hypothesis aligns with
findings from the EU (Bocean & Virzaru, 2023)
and OECD countries (Kurniawati, 2020).

Russia is rich in natural resources, especial-
ly oil and gas. The mining and quarrying sector
is therefore a relatively large part of the Russian
economy. However, more than 50% of nominal
GDP in Russia comes from the services sector.
Economic activity is generally divided into prima-
ry, secondary, tertiary and quaternary sectors (in-
dustries). The primary sector includes agriculture,
forestry, fishing, mining and quarrying. The sec-
ondary sector is manufacturing, including energy
and construction. The tertiary sector consists of
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Table 3
Descriptive statistics of key socio-economic indicators
Income per capita (Ciess e e (e g e Income inequality;
Group > | product, index, % | product, index, % .. > | Unemployment, %
thousand rubles Gini Index
to 2020 to 2018

Group 1 53.6* [26.3] 107.8* [4.9] 110.7* [5.6] 0.39 [0.03] 52*%[2.1]
Group 2 36.7 [15.0] 104.0 [4.6] 104.5 [7.5] 0.37 [0.03] 9.9 [5.6]
Group 3 31.7 [11.0] 104.1 [2.6] 104.7 [5.7] 0.36 [0.02] 7.5 [4.9]
Group 4 32.2[7.5] 103.6 [1.9] 103.2 [4.2] 0.36 [0.03] 7.1 [2.4]

All 36.3 [16.3] 104.5 [3.7] 105.2 [6.3] 0.37 [0.03] 7.7 [4.6]

Notes: Means and standard deviations are given in square brackets. The * marks the values that are significantly different

from the similar values in the other groups.

Source: Authors’ calculations are based on Rosstat data “Russian Regions 2023, https://rosstat.gov.ru/folder/210/

document/13204 (accessed March 21, 2024)
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Figure 3. Nominal GDP Sector Composition

Source: Authors’ calculations are based on Rosstat data “Russian Regions 2023”. https://rosstat.gov.ru/folder/210/
document/13204 (accessed March 21, 2024)

enterprises that provide services. With the growth
of the knowledge-based economy and technolog-
ical progress, the quaternary sector was created,
which includes enterprises engaged in intellectu-
al activities. However, in official statistics we can
find data on the primary, secondary and broad
service sectors. Figure 3 shows the GDP sector
composition according to official statistics.
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Regions with a more developed service sec-
tor tend to have more advanced telecommuni-
cations networks, and their populations exhibit
higher digital skills. In contrast, regions specializ-
ing in mining or agriculture may have the capac-
ity to develop ICT infrastructure, but the popula-
tion often lacks developed digital skills, likely due
to the nature of employment in these sectors.
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In addition to the varied growth patterns
across Russia’s regions, the country also displays
significant income inequality. The Gini coefficient
is relatively high, especially compared to Euro-
pean countries. Since Kuznets' pioneering work
(Kuznets, 1955), the relationship between income
inequality and economic growth has been a re-
curring topic in research. However, this relation-
ship can vary—being positive, negative, or even
absent—depending on the country and the stage
of its economic and social development (Sergi et
al., 2023). In the context of the issues under con-
sideration here, it should be noted that in terms of
the average level of inequality the selected groups
of regions do not differ, although Russia is charac-
terized by higher inequality in more economical-
ly developed regions.

No significant differences were identified be-
tween the regional groups with regard to gender
or age composition. The mean age of the Russian
working population is 57.4 years, with the propor-
tion of individuals aged 55 and above (for women)
and 60 and above (for men) being 24%. With the
exception of Group 2, the averages for the groups
under study are not statistically significantly dif-
ferent from the average for Russia. There is a sig-
nificant difference in the proportion of older peo-
ple in Group 2 compared to the other groups.
However, the proportion of the population with
only basic digital skills is above the national aver-
age. Furthermore, the correlation between digital
skills and the proportion of the working-age pop-
ulation is negligible in each group and across all
regions. It is evident that there is no direct rela-
tionship between age and digital skills.

The female population outnumbers the male
population in all regions, with an average ratio of
1,150 to 1,000. This ratio is typical of the majori-
ty of regions. The correlation between the female/
male ratio and digital skill is rather weak (r=0.22
with p-value=0.03). Despite the fact that the cor-
rection coeflicient is significant at the 5% level of
significance, it can be concluded that gender is not
among the major factors in explaining the digital
gap between regions.

Digital skills, personal income
and unemployment rates

Table 4 presents estimates of the parame-
ters from regression models (3), which exam-
ine the relationship between the unemployment
rate (in logarithms) and average per capita cash
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income (in logarithms) with the constructed In-
ternet Adoption Index and the variable reflecting
digital skills (Skilled Score), while controlling for
GRP per capita from the previous period (in log-
arithms) and the GRP growth rate for the current
period. We use the Ordinary Least Squares (OLS)
method with the Huber-White-Hinkley correc-
tion for standard errors to address heteroscedas-
ticity in the residuals. The results using the HC1
approach are shown in Table 4. It is important to
note that the application of alternative approaches
(HC2 or HC3) does not lead to differing conclu-
sions regarding the significance of the estimates
(for more detail see Hayes & Cai, 2007).

Table 4
Ordinary least squares estimation
of model parameters
. Dependent variable
Explanatory variables

Unemployment | Income
Gross regional product, -0.03*** 0.01**
Volume index (0.01) (0.004)
ol prosuc of e previous | 027 | 04z

(0.11) (0.02)

year

. 0.07** 0.04***

Internet Adoption Index (0.03) (0.01)

. —-0.02*** 0.002
Skilled Score (0.004) (0.002)
R-squared 0.47 0.87
Wald test F-statistic 12.5%** 4.0**

*** the corresponding p-value<0.01; ** the corresponding
p-value<0.05. Huber-White-Hinkley heteroskedasticity
consistent standard errors in parenthesis

The Internet Adoption Index, which can be
regarded as an estimation of demand for the In-
ternet, has been shown to be positively associated
with both unemployment and income. The corre-
sponding coeflicients are positive and statistical-
ly significant. There are several studies showing
that Internet access helps to reduce unemploy-
ment (see, for example, (Stockinger, 2019; Zuo,
2021)). However, we argue that Internet access
without improved digital skills does not reduce
unemployment and is weakly associated with in-
come growth. Besides, the low impact of ICT on
incomes and unemployment is compounded by
the traditionally low mobility of the working pop-
ulation in Russia.

Furthermore, the government’s initiatives are
the primary driving force behind the ongoing de-
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Figure 4. Simulation of the relationship between the unemployment rate and GRP for various digital skills
Source: Authors’ calculations

velopment of information technology in Russia.
A wide range of government services is available
online, which does not require advanced digital
skills from the population. However, improving
digital skills can significantly impact people’s well-
being. As Table 4 shows, the level of digital litera-
cy does not have a statistically significant effect on
average per capita income at this stage, but it does
contribute to reducing unemployment.

Using the obtained estimates, we simulat-
ed the data and estimated the dependence of un-
employment on GRP per capita for skilled us-
ers at 70% (the maximum values for 2021) and
for skilled users at 30% (the minimum values for
2021). Fig. 4 clearly illustrates that the overall un-
employment rate and its decline with the growth
of GRP per capita are significantly influenced by
the digital competencies of the population, which
can be attributed to the fact that having digi-
tal skills enable individuals to access new profes-
sions, work remotely and navigate the job market
with greater efficiency.

Lifelong learning and digital skills

The concept of lifelong learning has gained
new momentum in the digital age. The pandem-
ic has driven demand for online education, dra-
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matically accelerating the transition to new learn-
ing formats, not only for schoolchildren and stu-
dents (Revinova et al., 2021) but also familiarizing
adults with opportunities to acquire new knowl-
edge via the Internet.

The disparities between Russian regions in
terms of Internet accessibility and digital skills are
also reflected in indicators of adult participation
in education. The mean proportion of adults en-
gaged in all forms of education (shown on the left
side of Fig. 5) is over 46% for Group 1 (character-
ized by high internet penetration and above-av-
erage digital skills) and approximately 36% for
Group 4. A more pronounced divergence between
Groups 1 and 4 is observed in the self-education
indicator (shown on the right side of Fig. 5).

Figure 5 also shows that for Group 2 (with
good internet provision but primarily basic dig-
ital skills), engagement in self-education is lower
than for Group 3, where digital skills exceed the
national average.

It is important to note that involvement in
the educational process is not directly related to
the age structure of the population. As previous-
ly mentioned, Russian regions do not show signif-
icant differences in their age structures. However,
Group 2 has the smallest share of the population
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Figure 5. Average engagement in lifelong learning (all forms and self-study) by groups of regions.

Source: Authors’ calculations are based on data from Rosstat: https://rosstat.gov.ru/itog_inspect (accessed March 21, 2024)

aged 60+. While it might be expected that young-
er populations would engage more actively in life-
long learning, the data contradict this intuitive as-
sumption. These findings underscore the need to
develop digital skills across the population to pro-
mote higher levels of education in society.

Conclusion

Access to ICT and the development of digi-
tal skills are key concerns for many nations today.
Using the example of Russian regions, this study
shows that combining ICT availability with digi-
tal skills can help address socio-economic issues
such as unemployment and low levels of educa-
tion and self-education.

The methodology proposed in this work for
grouping regions based on Internet accessibility
and digital skills is straightforward and effective.
It demonstrates that merely reducing the digital
divide through ICT infrastructure development
is insufficient. To improve quality of life, it is es-
sential to enhance digital literacy and ICT profi-
ciency.

The pandemic has driven people to use the
Internet more extensively and for a wider range
of activities than ever before. However, the “us-

age gap_ may exacerbate economic and digital di-
vides.

The results of this study could be useful for
policymakers aiming to reduce the digital divide.

A key limitation of the study is its focus
on 2021. Due to the significant impact of the
Covid-19 pandemic on economic activity and so-
cio-economic indicators, comparisons with 2020
data are not possible. Moreover, the geopolitical
conflict in 2022, alongside sanctions and govern-
ment measures to adapt to new conditions, led
to changes in socio-economic indicators that are
less connected to ICT use. Nevertheless, we be-
lieve that the dataset of 83 regions, which share
similar legislation, taxation, and policies but dif-
fer in economic activity and local specifics, offers
a valuable opportunity to examine the impact of
Internet penetration and use on socio-economic
development.

Our findings align with those of other re-
searchers who have emphasized the importance
of infrastructure development and improving
digital skills among the population.

Future research will explore multidimensional
clustering methods to further refine the identifica-
tion of groups based on ICT development and usage.
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