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Abstract. The paper analyzes the state of the information and communication technologies (ICT) sector in
the northern regions of Russia. The main research methods are multidimensional grouping and compara-
tive analysis of ICT development. The relevance of the study is due to the lack of knowledge about the state
of information and communication technologies in the northern regions of Russia. At the same time, ICT
has a great potential to stimulate the economic development of the North of Russia and the Arctic in par-
ticular. The novelty of the work lies in the development of a methodological approach to the comparative
analysis of the ICT sector in the Russian regions, aimed at identifying problem areas of development. An
original set of indicators is created — criteria for the state of ICT at the regional level. The validity of this set
is proved by the method of factor analysis. Multidimensional grouping of all subjects of the Russian Federa-
tion according to the selected indicators is performed with an emphasis on the northern regions. It is re-
vealed that the northern regions have higher values of ICT indicators compared to other regions of Russia
due to the social sphere and the state of ICT at the household level. The leaders are the Yamalo-Nenets Au-
tonomous Okrug, the Khanty-Mansi Autonomous Okrug and the Republic of Karelia. Practical recommenda-
tions for ICT development in the northern regions are formulated. The main reserves of ICT development in
the North are identified — growth of state and municipal services provision in electronic form and digitali-
zation of health care institutions.
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Introduction
The socio-economic development of society as a whole is currently closely linked to the
development of the information and communication technology (ICT) sector. The effects of the
rapid development of information processing and dissemination technologies are extremely di-
verse. This is evidenced by the fact that technological changes outpace their legal regulation [1,
Aspray W., Doty P.], which is one of the reasons why they are rather poorly studied. Nevertheless,

country studies have proven that the creation of ICT infrastructure and support for the use of digi-
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tal technologies in the activities of small firms is no less a source of growth than external demand

[2, Masenyetse R., Manamathela M.]. The development of ICT has a positive effect on employ-
ment [3, Ahuru R.R., Osabohien R., Al-Faryan M.A.S., Sowemimo E.J.], and the inter-firm flow of
information associated with ICT, taking into account the nuances, contributes to the growth of the
potential for creating new products and bringing them to market [4, Liu Y., Wang L., Yuan C., Li Y.].
Moreover, ICT is most effective in terms of productivity growth in creating new inter-firm links af-
fecting research and development (R&D) issues [5, Minetaki K.]. Thus, in general, it is possible to
talk about the favorable impact of ICT evolution on economic development. The gradual formation
of elements of the digital economy and information society on a global scale contain the potential
for the formation of an increasingly complex economic system based on knowledge as the main
productive force. Similar processes are taking place in Russia, including at the regional level. This
makes it important to develop adequate methodological tools for understanding digitalization pro-
cesses and the possibility of analyzing emerging trends.

The development of the ICT sector is given considerable attention at the federal level of
government. This is largely due to the concern of government bodies about the low demand for
ICT in terms of human capital development and the relatively small role it plays in the national
economy as a whole. At the same time, the successful implementation of the whole set of
measures is closely related to understanding the depth of interregional differences in ICT develop-
ment in Russia and the degree of importance of this sector for the country’s socio-economic devel-
opment.

In this paper, the study of the ICT sector within the framework of the analysis of individual
indicators is focused on examining its state in the subjects of the Russian Federation that belong
to the northern group. These are the territories that, in accordance with the current Resolution of
the Government of the Russian Federation No. 1946 *, which replaced the previous Resolution of
the Council of Ministers of the USSR No. 12, are classified as the Far North or equated to the North
areas ’.

The ICT sector, gradually forming a full-fledged virtual (information) infrastructure, be-
comes part of the supporting production infrastructure, which ensures the transition to a new
technological mode in the Arctic zone of Russia [6, Pilyasov A.N., Tsukerman V.A.]. This is accom-
panied by an increase in information flows, digitalization of production processes, creation of the

supporting physical underwater and air telecommunications infrastructure. At the same time, the

'on approval of the list of regions of the Far North and localities equated to regions of the Far North, for the purpose
of providing state guarantees and compensation for persons working and living in these regions and localities, declar-
ing certain acts of the Government of the Russian Federation to be invalid and declaring certain acts of the Council of
Ministers of the USSR not valid on the territory of the Russian Federation: Decree of the Government of the Russian
Federation of November 16, 2021 No. 1946. URL:
https://www.consultant.ru/cons/cgi/online.cgi?req=doc&base=LAW&n=400590&cacheid=9F6A4551E2DOBA5EB7C9B
2B96963570A&mode=splus&rnd=TQKjDAUaej4JRx5U3#p6MjDAUIpHOtUm3p (accessed 17 April 2024).

2 The Republics of Karelia, Komi and Sakha (Yakutia), Kamchatka Krai, Arkhangelsk, Magadan, Murmansk and Sakhalin
Oblasts, Khanty-Mansiysk, Yamalo-Nenets, Nenets and Chukotka Autonomous Okrugs. The Republic of Tuva is exclud-
ed from the analysis due to its geographical isolation.
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demographic situation in the North continues to deteriorate [7, Fauzer V.V., Smirnov A.V., Fauzer

G.N.]. The ambiguity of the qualitative assessment of the development of the northern territories
of Russia, along with their special climatic conditions and strategic importance, actualizes a com-
parative interregional analysis in the North.

The relevance of ICT development determined the purpose of the work, formulated in its
initial form earlier [8, Timushev E.N.] — to determine the state and problems of the information
and communication technology sector in the northern regions of Russia. The assessment is carried
out in comparison with the average Russian indicators and within the northern regions them-
selves, identifying the leading regions and those ones that are still lagging behind in terms of cer-
tain indicators.

Quite a lot of studies have been devoted to assessing the level of digitalization and ICT de-
velopment in the regions of Russia. An increasing number of works are focused on the analysis of
digital traces of objects of interest, especially on the Internet. Modern works increasingly use re-
search methods that rely on the use of modern data processing technologies (see, for example, [9,
Kurilo A.E., Prokopyev E.A., Shkiperova G.T.; 10, Mikhailova A.A., Khvalei D.V.]). However, the
analysis of scientific databases allows us to draw conclusions, also shown earlier (see [8, Timushev
E.N.]), that a comparative assessment of the degree of ICT development among the northern re-
gions of Russia, as well as an attempt to group them by the level of development specifically in the
aspect of ICT development and with an emphasis on identifying the main problem areas, have not
yet received sufficient attention in the literature. This paper is intended to supplement the theo-
retical and methodological base of ICT research in the northern regions of Russia, presenting an
original methodological approach to comparative analysis aimed at identifying problem areas for
development [11, Timushev E.N.]. This distinguishes this work from already published studies. L.
Kuratova [12], for example, analyzes the process of digitalization of the economy and social sphere
in the northern regions of the Russian Federation, thereby complementing the still small group of
works on this topic. What this study and the cited work have in common is a fundamental ap-
proach to the problem of identifying emerging trends in the ICT sector in the North, as well as the
coverage of statistical indicators. However, this work differs in the methodology of calculating the
integral indicator and the set of primary data. In this paper, there is no explicit integral indicator
(although it is calculated by software to determine the Euclidean distance and clusters) and a
smaller number of indicators are used, but such indicators, which, in our opinion, cover the main
aspects of ICT development in the region. This article differs from other works on a similar topic by
comparative analysis of indicators not only for the northern regions, but also for Russia as a whole,
i.e. taking into account the main federal problems. In addition, its peculiarity is the breadth of the
objects of analysis (the number of regions), in contrast, for example, to the work of A.V. Kozlov
[13], where only the Murmansk Oblast and the Yamalo-Nenets Autonomous Okrug are analyzed.
But the main difference still lies in the composition of the analyzed indicators. For example, R.R.

Sadyrtdinov [14] examines only the use of the Internet, software, and electronic data exchange.
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A.V. Kozlov, A.B. Teslya, and A.A. lvaschenko [15], in addition to the corporate and social spheres,

also consider the external conditions for the development of ICT (for example, income level), but
do not pay sufficient attention to ICT in public administration and at the household level. V.V.
Kamneva and D.A. Baeva [16] also pay much attention to the external environment of the devel-
opment of ICT and the availability of digital technologies, but almost do not touch upon the sphere
of households. In this work, the ICT sector is presented in different aspects to ensure the compre-

hensiveness of its characteristics.

Research methodology

In order to conduct an interregional analysis of the ICT sector in the northern regions, as in
[8, Timushev E.N.], multifactor cluster analysis (multidimensional grouping) is applied using the
Euclidean distance method based on the selected indicators. The object of application of this
method is a certain integral non-dimensional indicator that is not explicitly taken into account and
is calculated as a conditional distance for all selected indicators, taking into account the proximity
of the values of the indicator vector for each region. Calculations are performed using the R com-
puting environment, version 4.0.4. As in [11, Timushev E.N.], built-in calculation packages are
used, including the functions that calculate the Euclidean distance — "dist()" and divide objects
into clusters — "hclust()". A standard package for plotting graphs — "plot()" is also used. Prelimi-
nary, a factor analysis of the indicators is carried out on the basis of the built-in calculation pack-
ages using the "factanal()" function. Statistical verification of sufficiency of groups of indicators is
carried out.

The peculiarity of the approach is the primary assessment of the state of ICT in all regions
of Russia, since relatively homogeneous groups are identified among all subjects of the Russian
Federation, and the analysis continues exclusively for the regions of the North among the selected
groups. Multidimensional grouping significantly simplifies and provides the necessary basis for
conducting an analysis of ICT in each northern subject, helps to identify its strengths in terms of
the development of the ICT sector and, conversely, the aspects of ICT in which it lags behind. It
also allows for a reasonable grouping of regions based on a particular aspect of ICT development
(at the level of households, corporations or public administration), and not on all indicators to-
gether. A similar method — multidimensional grouping — was used, for example, in the work [17,
Mikheykina L.A.] when analyzing the level of training and attracting personnel in the information
technology sector in Russia. For purposes similar to those of this paper, clustering is also used in
the works of Yu.N. Solovieva and G.F. Feigin [18] and Yu.A. Kuznetsov et al. [19]. At the same time,
the clustering results critically depend on the selected indicators, and the indicators used in the
presented study differ significantly from those used previously. Thus, Yu. N. Solovieva and G. F.
Feigin used the following indicators: the share of regions in investments in the ICT sector, the
amount of investment in the ICT sector per capita and the share of people employed in ICT in the

population. In turn, Yu. A. Kuznetsov and co-authors used such indicators as the use of computers
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and the Internet, the use of a website and electronic document management in organizations and

ICT costs, respectively.

The originality of the work lies in the fact that the grouping/clustering method is used for a
small set of collected informative indicators and in two stages: for all regions of Russia and then
only for the northern regions [20, Timushev E. N.]. Without analysis for all regions of Russia, but
only, for example, for the northern regions, a different result is obtained than in the case of clus-
tering involving all regions of Russia. As far as we know, works on the northern topics are usually
limited to the analysis of data from only a few regions and do not use all-Russian data. In [8, Ti-
mushev E.N.] it is emphasized that this is the methodological idea, that clustering is carried out
with the participation of all regions, from which the regions of the North are then compared sepa-
rately as being included into different groups. In this respect, the presented work is similar to the
work of V.V. Stepanova and co-authors [21] — one of the best on this topic with a review of for-
eign methods and the creation of its own, and based on an original system of indicators that com-
prehensively characterizes the development of ICT. But, unlike the cited work, this work, after
analyzing all regions, focuses on identifying problem areas of ICT development exclusively in the
regions of the North.

A number of auxiliary indicators are used to explain the quantitative values of the indica-
tors and the relationships found, as well as to conduct a comparative analysis. The share of non-
federal transfers in the budget revenues of the subject serves as an indicator of financial capabili-
ties, fiscal capacity, and subsidization of the regional budget and, at the same time, the presence
of incentives for state authorities of the subjects. For a quantitative assessment of the spatial dis-
tribution of the population and settlements in the regions, coefficients calculated by the Ministry
of Finance of Russia within the framework of the distribution of federal equalizing transfers are used *:
settlement and transport accessibility coefficients. The settlement coefficient depends on the pro-
portion of the population living in settlements with a population of up to 500 people. The
transport accessibility coefficient depends on the density of railways and paved roads, the share of
settlements that do not have a connection via paved roads and are not provided with a connec-
tion to the nearest station, sea or river port, airport, as well as the proportion of the population
living in areas with limited delivery times for goods and in mountainous areas. Rosstat data on the
level of urbanization is also used — the share of the urban population in the total population ac-

cording to data for 2022.

*On the distribution of subsidies for equalizing the budgetary provision of the constituent entities of the Russian Fed-
eration (together with the "Methodology for the distribution of subsidies for equalizing the budgetary provision of the
constituent entities of the Russian Federation"): RF Government Resolution of 22 November 2004 No. 670 (as amend-
ed on 26 December 2023) (accessed 20 April 2023).
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Principles and procedure for data selection

For the purposes of this study, the Rosstat database “Monitoring of information society
development in the Russian Federation” is of interest “ltis quite in-depth, although in general the
problem of information support for the development of ICT, especially at the level of municipali-
ties, is acute [22, Voroshilov N.V.].

The choice of the indicators presented in this study is subjective, but at the same time it is
conditioned by the contribution of the phenomena reflected by them to the overall socio-
economic development (Table 1) [11, Timushev E.N.]. Thus, the use of computers and the Internet
in organizations reduces transaction costs, which has a positive effect on labor productivity. In
households, in turn, the use of computers and access to the World Wide Web increase the availa-
bility of education and allow spending leisure time in a useful and diverse way. Despite the fact
that there are certain risks associated with some digital content, the use of ICT achievements is
extremely important for the accumulation of human capital. Due to the rapid development of spe-
cialized portals (marketplaces), delivery services and the overall growth of digital content con-
sumption, household computerization contributes to the development of retail trade. Finally, the
state of human capital depends on the development of communications with government agen-

cies and the amount of costs in the social sphere.

Table 1
Indicators >
w5 g
O X3
5 £ % S |lece
=] © £ ] - >
Indicator 5 £ S 5 =
5 £ > s E 8w
£ s < = =g
e g
(@] © ©
>
Corporate sector
Share of organizations using personal computers, % | corp_1 48.7 90.5 100.0 8
Share of organizations using Internet access, % corp_2 29.0 79.1 97.7 13
Nu.mber of personal computers with Internet access, corp_3 14.0 31.9 770 2
units/100 people
Share of organizations using electronic document corp_4 58 65.6 991 14
management systems, %
Households
Share of households with a personal computer, % house_1 18.9 69.9 96.5 12
Share of households with access to the Internet, % house_2 52.2 75.5 98.5 11
Share of households using the Internet every day or house_3 29.3 64.2 94.9 19
almost every day, %
Public administration (public sphere)
Share of state authorities and local governments .
1 . . 100.
using fixed (wired and wireless) Internet, % public_ 656 935 00.0 6
Share of population aged 15-72 years using the public_2 1.8 58.3 97.5 39

* Information society. URL: https://rosstat.gov.ru/statistics/infocommunity (accessed 20 April 2023).
> Source: Rosstat. Note: in [8, Timushev E.N.] a similar set of indicators was described.
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Internet to receive state and municipal services in

electronic form, % of the population receiving state
and municipal services

Social sphere

Number of computers used for educational purpos-

es in general education institutions, units/100 stu- social_1 3.0 14.4 83.0 54

dents

Sh f health instituti ing the Int t, .

. are of healthcare institutions using the Interne social 2 56.4 96.5 100.0 5
(]

Volume of the I|bra.ry s electronic catalog available social 3 0.0 13 343 126
on the Internet, units/thousand people -

Share of the nymbef of compu_terlzed places with social_4 0.0 9.4 417 69
access to the library’s electronic resources, %

Number of museum items included in the electronic social_5 0.0 03 20 124

catalog, units/thousand people

For the purpose of the work, a summary analytical table was created containing data for
each region for 2014-2021 [8, Timushev E.N.]. The exceptions were the indicators “corp_4"” and
“social_4” in Table 1 — data for them are available only for 2014—2019 and 2015-2021, respec-
tively. Table 1 presents their quantitative characteristics in the form of descriptive statistics.

Based on the results of the correlation analysis, “corp_2” — the share of organizations us-
ing the Internet, and “house_2” — the share of households with access to the Internet were ex-
cluded from further work. These indicators had the highest correlation with others within their
group. After the above-mentioned adjustment of the composition, the strongest paired linear re-
lationship acceptable for the purposes of further analysis remained between “corp_1” and
“corp_4” (the correlation coefficient is +0.62).

In general, the choice of indicators is determined by two principles: minimizing their num-
ber and reflecting the main aspects of information and communication technologies. Since more
than a hundred indicators are available for both groups in “Monitoring of information society de-
velopment...”, the choice of individual indicators for subsequent analysis ensures not only the

“debatability” of the selection made, but also the originality of this study.

Results and discussion

The implementation of factor analysis allows identifying homogeneous groups of indica-
tors. The results show that a total of four groups of (artificial) indicators can be distinguished from
the twelve considered ones (Table 2). Together, they explain more than 58.1% of the total varia-
tion in the values of the twelve indicators.

First of all, the indicators of computer equipment with Internet access among employees
(“corp_3”) and in social institutions — culture (“social_3”, “social_5"”) and vocational education
(“social_4”) — have a similar variation. They cover the largest share of variability (16.6%). The in-
dicators of the share of organizations that use computers and electronic document management
(“corp_1” and “corp_4"), and the share of government bodies that use the Internet (“public_1")

(16.1%); the share of households that have computers and use the Internet (“house_1” and
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“house_3”), and the degree of equipment of general education with personal computers (“so-

cial_1") (15.0%) are close in the distribution of values among Russian regions. The share of the
population that uses the Internet to receive services in electronic form (“public_2") stands out,
which explains 10.3% of the total variation.

Thus, the factor analysis made it possible to determine the interrelated indicators.

Table 2
Results of factor analysis®
Indicator Factor 1 Factor 2 Factor 3 Factor 4
corp_3 0.61* 0.23
social_3 0.73 * 0.14 -0.14
social_4 0.59 * 0.10 0.26 0.25
social_5 0.59 * 0.22 0.27 -0.14
corp_1 0.94 * -0.11
corp_4 0.75 * -0.13 0.23
public_1 0.31 0.56 *
house_1 0.39 0.11 0.69 * 0.15
house_3 0.30 0.76 *
social_1 0.11 0.13 0.63 * 0.18
public_2 0.14 0.15 0.97 *
social_2 0.23 -0.40 0.12
iSﬂh;l;Zgrtshe factor in the total variation of 16.6% 16.1% 15.0% 10.3%
Accumulated proportion of variation 16.6% 32.7% 47.7% 58.1%

Multifactor cluster analysis for indicators characterizing the ICT sector (see Table 1) allows
grouping regions of Russia on the basis of the integral value of their deviations from the average
value for each indicator, taking into account the proximity of individual values of indicators in re-
gions. In this paper, the Euclidean distance between indicators is calculated (Fig. 1). Let us explain
this figure. The numbers on the vertical axis are data on the Euclidean distance between indicators
for each region. They denote the units of distance between regions by the selected features, while
the mutual arrangement of regions on the dendrogram depends on the similarity of the vector of
values for the corresponding indicators (see Table 1). In multidimensional grouping, the square
root of the sum of squared differences is calculated to assess proximity, and the resulting value is

the Euclidean distance.

® Source: author’s calculations. Note: * — the most influential indicators of the corresponding factor.
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Fig. 1. Results of multidimensional grouping of subjects of the Russian Federation

by the main indicators of the ICT sector’.

In total, three groups of northern regions can be distinguished, the values of the selected
indicators for which are approximately the same, and separately — the Yamalo-Nenets Autono-
mous Okrug. The results of multidimensional grouping are confirmed by the analysis of actual sta-
tistics (Table 3).

First, let us consider the general picture of the state of ICT in the North. In general, in the
northern regions of Russia, the information and communication technology sector is formally
more developed than on average in other regions [8, Timushev E.N.]. This is due to the high values
of the indicators in the Yamalo-Nenets Autonomous Okrug, the Khanty-Mansi Autonomous Okrug
and the Republic of Karelia. In fact, this is due to the high urbanization in the North, the ICT sector
is much more developed in cities than in rural settlements [12, Kuratova L.A.].

Table 3
Average values of ICT indicators in the northern regions®

| I I o o o o _| | _ _| _

Region / Indicator g- g— g- @ @ = 5 o o o 2 2

S S S o o > > o) o) o) o) o)

< < Q. o [} wn [ 0 "

Russia as a whole 90.5 319|656 | 70.0 | 642|935 |583|144(9.5| 13|94 | 03
Northern regions 923|317 |643 | 773|726 |94.0 550|228 (948 23 [125]| 0.5

Yamalo-Nenets

89.7 | 274 | 70.7 | 91.2 | 84.0 | 945 | 77.2 | 70.7 | 91.1 | 2.5 | 23.7| 0.7
Autonomous Okrug

General group of regions 1

Khanty-Mansi Autono-

91.5| 25.3 | 64.7 | 86.0 | 815|950 | 71.2|205|96.7| 1.6 |196| 0.4
mous Okrug - Yugra

Sakhalin Oblast 92.4 | 384|650 |69.3|650|94.2|648|151|98.2| 1.7 |213]| 05

General group of regions 2

Republic of Karelia 943 1370|729 | 74.0|69.8|952|51.7|165(99.7| 5.1 | 9.7 | 0.4

Komi Republic 90.2 | 30.8 | 63.0 | 76.0 | 685 | 93.6 | 493|152 |97.1| 2.1 |123]| 0.3

’ Source: author's calculations based on data on the indicators used, based on average data for 2014-2021. Note: ***
— northern regions of Russia.
8 Source: author's calculations. Note: based on data for 2014-2021.
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Nenets Autonomous
Okrug

90.7 | 309 | 53.7 | 71.7 | 609 | 93.8 | 489|211 |96.9| 1.7 | 81 | 0.1

Arkhangelsk Oblast 915|274 689 | 741|687 |947 | 641|142 |97.0| 15 | 57 | 04

Sakha Republic (Yakutia) | 92.9 | 33.3 | 59.5 | 66.6 | 75.6 | 93.7 | 53.2 | 13.9 (916 | 1.2 |12.9| 0.2

General group of regions 3

Murmansk Oblast 915|325 |66.1 (827|779 |90.2|513]|16.2|87.6| 3.1 |10.2| 0.2
Kamchatka Krai 95.2 | 353|664 |724|71.8 | 948 |57.6|28.6|89.7| 1.0 |12.7| 0.2
Magadan Oblast 941|338 644|794 |713|93.8(349|187|926| 40 | 46 | 0.9

Chukotka Autonomous

939|286 | 56.8 | 84.9 | 76.2 | 94.0 | 35.8 | 22.5 |100.0| 1.8 | 87 | 1.5
Okrug

Next, let us consider the obtained results of the clustering of regions in terms of groups of
indicators.

In the corporate sector, the regions of group 3 have the highest value of indicators, alt-
hough the spread of values here is very small. Approximately the same indicator values for Russia
as a whole and on average for the northern regions indicate that organizations and enterprises
located in the North do not have clear incentives to strengthen digitalization or, on the contrary,
maintain low levels of computerization of activities, use of the Internet or electronic document
management. Nevertheless, interregional differentiation is present. Among the northern regions,
the leader in ICT development is the Republic of Karelia, which has high values for all indicators.
Largely because of this, the average values for group 2 are also high, especially for the equipment
of employees with computers with Internet access (“corp_3") and the share of organizations with
electronic document management (“corp_4”). Enterprises in the Sakhalin Oblast, the Republic of
Sakha (Yakutia), the Kamchatka Krai and the Magadan Oblast, where there is a relatively high con-
centration of entrepreneurial activity with a focus on the extractive industry, use a greater num-
ber of computerized workstations and have above-average access to the Internet. In terms of the
use of electronic document management, a high level of ICT use, in addition to the Republic of Ka-
relia, is observed in the Yamalo-Nenets Autonomous Okrug and the Arkhangelsk Oblast. This may
be due to the development of enterprises not only in the extractive industry, but also in the pulp
and paper industry, many of which use a modern enterprise management model. Thus, in the area
of ICT development in the corporate sector, the task of government bodies of the constituent enti-
ties is to create an attractive environment for the growth of private investment and use other
methods of stimulating the entrepreneurial sector to apply modern methods of conducting busi-
ness processes based on the introduction of digital technologies. In general, the relationship be-
tween the sectoral structure of the regional economy and the degree of ICT development in vari-
ous aspects of the corporate sector may become a promising area of future research.

At the household level, the regions of the North have the highest level of ICT development
compared to other regions of Russia. This can be explained by the large share of the urban popula-
tion in the total population (high urbanization) (Table 4). Regions of group 3 have high values of
the indicators. These are regions in the Asian part of Russia: the Kamchatka Krai, the Magadan Ob-

last, the Chukotka Autonomous Okrug and separately — the Murmansk Oblast. These regions are
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distinguished by a particularly high level of urbanization even by the standards of northern regions

(except for the Chukotka Autonomous Okrug), as well as a low settlement coefficient, which
means that a relatively small share of the population lives in settlements with a small population
(up to 500 people). In contrast, regions of group 2 — regions of the European North, as well as the
Sakha Republic (Yakutia) — have low values of ICT development indicators at the household level.
This is due to the nature of settlement — a high settlement coefficient indicates a relatively large
share of the population living in settlements with a small population. We are talking about such
regions as the Republic of Karelia, the Komi Republic, the Nenets Autonomous Okrug and the Ar-
khangelsk Oblast. This confirms the results obtained earlier [20, Timushev E.N.]. As in the aspect of
corporate development, the Khanty-Mansi Autonomous Okrug also occupies a leading position. It
has a low settlement coefficient, which confirms the found pattern: the higher the urbanization
and the lower the share of the population living in sparsely populated areas, the higher the ICT
development at the household level and vice versa. This pattern is applicable to all northern re-
gions, except for the Sakhalin Oblast and the Chukotka Autonomous Okrug. The former is charac-
terized by a low share of the population living in sparsely populated areas and very low ICT devel-
opment indicators, while the latter is characterized by a high share of the population living in
sparsely populated areas and fairly high ICT development indicators. It is worth noting that the ICT
development indicators in the Sakhalin Oblast, although lower than the average for the North, are
at the level of the Russian average. Thus, the development of information and communication
technologies at the household level will be facilitated by both general measures that promote an

increase in population density and the creation of Internet infrastructure in a larger area of the

region.
Table 4
Auxiliary indicators®
) R € o
< < ] RIS
e X 8 < 2
£ S = c9
S o~ c 9 2 3>
Q2 o = o o ©
F=PN] + ) - o
2 c S >t 2 >
S = = 2 c U o
g ¢ 2 » 3> gc=
Region / Indicator a -2 = i 29
c ® o > ¢S S Fo
© S o O N 9 5 N
o 5 + o T o
59 S © £ L v
« o £ + Y=
o= o S ° g
v + — v =
C 0O + %) - O
5 2 g g 23
& @ = %
Russia as a whole 70.9 1.00 1.00 34.4%
Northern regions 81.1 1.00 2.19 28.1%
Yamalo-Nenets Autonomous
Okrug 84.7 0.95 1.59 9.1%
General group of regions 1

° Source: Rosstat, Ministry of Finance of Russia, Electronic Budget portal (for data for 2023). URL:
https://budget.gov.ru/Bioasket (accessed 20 April 2023).
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Khanty-Mansi Autonomous Okrug
-Yugra 92.2 0.95 0.25 11.3%

Sakhalin Oblast 82.6 0.97 0.33 8.2%

General group of regions 2

Republic of Karelia 79.7 1.02 0.02 43.0%
Komi Republic 77.7 1.02 0.38 13.7%
Nenets Autonomous Okrug 74.5 1.06 3.54 13.4%
Arkhangelsk Oblast 77.8 1.04 0.22 33.3%
Sakha Republic (Yakutia) 67.2 1.00 3.14 35.4%

General group of regions 3

Murmansk Oblast 93.0 0.95 0.07 13.7%
Kamchatka Krai 78.0 0.97 3.74 65.0%
Magadan Oblast 96.5 0.97 3.41 32.5%
Chukotka Autonomous Okrug 69.1 1.09 9.63 59.0%

In public administration, the northern regions have high values of the indicator in terms of
Internet use in public institutions and low values in terms of Internet use by the population to re-
ceive government services. High rates of Internet use at the level of government agencies can be
partially explained by the high fiscal capacity and lower transfer-dependence of most northern re-
gions. The Yamalo-Nenets and Khanty-Mansi Autonomous Okrugs can be an example of this [11,
Timushev E.N.]. The popularity of Internet use by the population to receive government services in
electronic form can be influenced by problems with access to the network and the ICT infrastruc-
ture in general in rural areas. This is confirmed by the low values of “public_2” for the regions of
group 2 with a high settlement coefficient and high values of “public_2” for the Yamalo-Nenets,
Khanty-Mansi Autonomous Okrug and the Sakhalin Oblast, which have a low settlement coeffi-
cient, that is, a relatively small share of the population living in small settlements. The density of
transport routes and the share of settlements with low transport accessibility (reflected in the
transport accessibility coefficient) also play a role. Theoretically, the infrastructure for providing
and receiving government services in electronic form could become an alternative to personal vis-
its to government agencies in remote areas. However, among regions with low density of
transport routes, only the Kamchatka Krai has a higher than average share of the population that
use the Internet to receive public services; in the Nenets Autonomous Okrug, the Republic of
Sakha (Yakutia), the Magadan Oblast and the Chukotka Autonomous Okrug, it is very low. Thus,
overcoming the lag in information support for the provision of government services creates a sig-
nificant reserve for the growth of the ICT sector in the North. This could be facilitated by measures
similar to the development of ICT at the household level: creating an Internet infrastructure in a
larger area of the region, informing citizens about the availability of relevant services, stimulating
their use, including through reduced tariffs for paid services. This will also optimize the stationary

III

network of institutions providing public services in a “physical” form.
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In the social sphere, one of the leaders among all regions of Russia is the Yamalo-Nenets Au-

tonomous Okrug. However, it is very difficult to form an overall picture here.

In the sphere of general education (indicator “social_1"), the scale of computerization is the
highest in the Yamalo-Nenets Autonomous Okrug, as well as in the Khanty-Mansik Autonomous
Okrug, the Nenets Autonomous Okrug, the Kamchatka Krai and the Chukotka Autonomous Okrug.
The distribution of the indicator obviously does not depend on the level of fiscal capacity of the
region, which may be associated with the federal policy of increasing digitalization in general edu-
cation schools, co-financed through federal intergovernmental transfers. In general, the value of
the indicator of the number of computers per student in almost all northern regions is higher than
the average for Russia as a whole.

In the sphere of healthcare (indicator “social_2”), in contrast to education, the level of ICT
development in the North is much lower. Among a very large number of regions, a relatively low
value is observed for the share of healthcare institutions that use the Internet, including in the
Yamalo-Nenets Autonomous Okrug. Thus, in the Yamalo-Nenets Autonomous Okrug, the Sakha
Republic (Yakutia), the Kamchatka Krai and the Magadan Oblast — regions with low transport ac-
cessibility of a large number of populated areas, according to the transport accessibility coefficient
— there is a low share of healthcare institutions using the Internet. This may be due to insufficient
funding for the transition to digital healthcare institutions, especially in rural areas where feldsher-
obstetric stations operate. This situation is unfavorable in all northern regions with a low value of
the indicator, including the Murmansk Oblast, but it is most critical in the selected regions due to
the nature of the spatial organization of the population distribution. At the same time, the Chu-
kotka Autonomous Okrug is the leader in this indicator among all regions of Russia. Government
authorities of the northern regions need to pay special attention to equipping healthcare institu-
tions in sparsely populated areas with digital technologies, which will contribute not only to an
increase in the quality of services, but also to the demand for jobs for specialized specialists.

The indicators of digitalization of the cultural sphere — the volume of digitized library cata-
logues and museum items (“social_3” and “social_5"”) — show that ICT penetration is higher in re-
gions such as the Yamalo-Nenets Autonomous Okrug, the Magadan Oblast, and the Chukotka Au-
tonomous Okrug. This may be due to the low transport accessibility of settlements in these re-
gions, which encourages the transition “to digital”, but, probably, to a greater extent — to the re-
sults of the work of regional departments of culture. At the same time, the situation in the cultural
sphere is not so unambiguous. The already mentioned Magadan Oblast and Chukotka Autono-
mous Okrug have rather low values of the related indicator — the share of places with access to
electronic library resources (“social_4"). Thus, the northern regions, except for the most financially
secure ones, such as the Yamalo-Nenets Autonomous Okrug, are not leaders in all aspects of digi-
talization of the cultural sphere. Nevertheless, in some aspects, the examples of these subjects can
become a reference point for other northern regions in popularization and growth of accessibility

of cultural facilities among the population.
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Conclusion

The scientific novelty of the paper lies in the development of a methodological approach to
the comparative analysis of the information and communication technology (ICT) sector in the re-
gions of Russia, aimed at identifying problem areas of development. This approach includes the
creation of an original set of indicators that allow making reasonable conclusions about the state
of ICT at the regional level, and the implementation of multidimensional grouping (clustering) of
all subjects of the Russian Federation by the selected indicators, and then a comparative analysis
of the state of ICT in individual regions with the provision of actual values of primary indicators in
the context of the selected clusters. In continuation of the work [8, Timushev E.N.], the state of ICT
in the northern regions of Russia is assessed using the method of multivariate cluster analysis by
Euclidean distance. Using the developed methodological approach, an analysis of the develop-
ment of information and communication technologies in the northern regions is carried out, prob-
lems are identified and recommendations are proposed.

It was determined that the northern regions have higher average values of ICT development
indicators compared to other regions of Russia, which is mainly due to high urbanization in the
North. The leaders among the northern regions are the Yamalo-Nenets Autonomous Okrug, as
well as the Khanty-Mansi Autonomous Okrug and the Republic of Karelia. The greatest advantage
is observed in the social sphere and in the household sector, while the leadership of the northern
regions in terms of ICT development in the corporate sector is minimal.

It was found that in the North, the development of digital technologies in the corporate sec-
tor is similar to the average Russian level, and the further development of ICT here will be facili-
tated by the creation of an attractive environment for the growth of private investment in the de-
velopment of modern business processes. The following pattern was revealed: the higher the ur-
banization and the lower the proportion of the population living in sparsely populated areas, the
higher the development of ICT at the household level, and vice versa. At the same time, the devel-
opment of digitalization at the household level will be facilitated by the creation of Internet infra-
structure in the region. It was concluded that in the field of general education and culture, some
northern regions have high indicators in a number of areas and can serve as an example of the in-
troduction of digitalization for other regions.

The practical significance of the study is to identify the main reserves for further ICT devel-
opment in the North — growth in the provision of state and municipal services in electronic form,
increased digitalization and provision of the Internet in healthcare institutions. To increase the
provision of state services in electronic form, it is necessary to promote the Internet infrastructure
throughout the region and a set of measures to encourage citizens to use them. To improve the
quality and accessibility of healthcare in the northern regions, it is necessary to take measures to
increase the use of information and communication technologies and the Internet in healthcare
institutions, paying special attention to rural institutions with a small population and those that

are hard to reach. It is important to record the relevant measures in regional state programs.
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Further research directions include expanding the object of analysis in the direction of clari-

fying the relationship between the selected ICT development indicators and general economic in-

dicators of the regional economy development.
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