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Exploring the Impact of Information and Communication Technology
in Regions of Kazakhstan:

The research aims to assess the impact of information and communication technology (ICT) on economic
growth in different regions of Kazakhstan. A few basic complex methods, such as systematisation of statis-
tical data and regression analysis, conducted using the STATA software package, were used to analyse the
relationship of indicators in different periods. Based on data for the period 2007-2018 obtained from the
World Bank, the International Telecommunication Union and statistical yearbook of Kazakhstan, we as-
sess how ICT, expressed by such indicators as Internet access in organisations, the number of computers and
fixed telephones, influences economic growth. Our analysis revealed differences in the speed of implementa-
tion and development of ICT depending on the region, meaning that the least developed territories still lag in
the number of Internet users. We have concluded that since 2014, the country’s currency has weakened due
to the decrease in the cost of oil and consequent economic decline; mobile devices are increasingly used, re-
ducing the demand for fixed telephones; computers in organisations are affecting economic growth in more
developed regions since 2014, although the negative effect of Internet access is growing, as the model shows.
The obtained results can used for strategy development to compare economic growth in regions with low, me-
dium, and high development rates.
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formation technology, digital technology, digital readiness, digital economy, regression model, Kazakhstan

Acknowledgements

The article has been prepared with the support of the grant-funding project IRN No. AP08052745 “The science impact on
Kazakhstan's socio-economic development: methodology, assessment models and development scenarios”.

For citation: Kireyeva, A. A., Nurbatsin, A. S. & Mussabalina, D. S. (2021). Exploring the Impact of Information and
Communication Technology in Regions of Kazakhstan. Ekonomika regiona [Economy of region], 17(2), 375-388, https://
doi.org/10.17059/ekon.reg.2021-2-2

! © Kireyeva, A. A., Nurbatsin, A. S., Mussabalina, D. S. Text. 2021.

DKOHOMMKa pervoHa, T.17, Bbin. 2 (2021)


https://orcid.org/0000-0003-3412-3706
https://orcid.org/0000-0001-5390-5776 
https://orcid.org/0000-0003-0216-0780 

376 COUMANBHO-25KOHOMUYECKWE NMPOBNEMbI PETMOHA

NCCNEOOBATE/NIbCKAA CTATbS

A. A. Kupeesa %, A. C. Hyp6auun 2, /1. C. Mycabanuua ©

) UHCTUTYT 3koHOMMKM KH MOH PK, Anmatsl, Pecnybnmka KasaxcraH

9 YHuBepcuTeT MexayHapoaHoro busHeca, Anmartbl, Pecny6nmka Kasaxcraw

) EBpPa3suiCKmii HalMoHanbHbIN yHuBepcuteT uMm. J1. H. lymunésa, Hyp-CyntaH, Pecny6nmka Kasaxcraw
 https://orcid.org/0000-0003-3412-3706, e-mail: kireyeva.anel@ieconom.kz

9 https://orcid.org/0000-0001-5390-5776

®) https://orcid.org/0000-0003-0216-0780

Ananus BausHUA MHPOPMAIMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJIOTUI B perMoHax
Kasaxcrana

Llenv 0anH020 UCCTIE008AHUSL — OUEHUMb 6IUAHUE UHPOPMAUUOHHO-KOMMYHUKAUUOHHbIX mexHonozuil (VIKT) na skoHo-
Mmuveckuti pocm 6 pasnuumvlx peeuonax Kasaxcmana. J[ns ananusa 63aumocessu noxasamesneti Obinu npumeHeHvl maxue Kom-
nneKcHole Memoobl, KAk CUCMeMAMU3AUUT CIAMUCMu4eckux 0aHHbIX U PezPecCUOHHBLL AHATU3, NPOBEOEHHBLTI NPU NOMOULU
npoepammuozo obecneqenus STATA. B kauecmee ucrmouHuxa nocaysuniy 0annoie Becemuprozo 6anxa, MexcdyHapooHozo co-
1030 27eKMPOCBA3U U cmamucmuueckozo excezo0nuka Kasaxcmana. Ha ocnose ungopmavuu 3a 2007-2018 ez. 6vina npo-
sedena oyenxa enusnus VIKT (ucnonv3oeanv. nokasamenu 00Cmyna K uHmepHemy 6 0peanu3auusix, Konu4ecmesa Komnoio-
mepos u CrayUoOHAPHBIX MenedoHO8) HA IKOHOMUUeCKUT pocm. Buisenentvle pasnuuus 6 ckopocmu 6HeOpeHUS U PA36UMUS
JIKT 6 pezuionax ce6udemenscmeyiom o mom, 4mo Haumeree passumole meppurmopuu no-npexcHemy omcmarnm no Konude-
cmsy unmepHem-nonvzosamernei. Coenanvl cnedyroujue 6v1600bL: CHUMEHUE CHIOUMOCIU Hedmu U NoCae0yousuil IKOHOMU-
ueckuli cnad 6 2014 2. npusenu K 0cnA6NEHII0 HAYUOHATILHOLL BANIIOMbL PACHPOCMPAHEHIE MOOUTIDHBIX YCIPOLICING NPUBENO
K CHUMEHUI0 CNPOCA HA CALUOHAPHbLe menedoHbl; HauuHas ¢ 2014 2. KONUHECE0 KOMNbIOMEPOB 6 OP2AHUSAUUIX 6/IUSem
HA SKOHOMUUECKUTL POC 6 60/iee PA3BUMbLX PeUOHAX, 8 MO 6PeM KAK OMPUnamenvHolil adexm docmyna Kk unmepHermy
pacmem. IonyuenHvle pesynvmamol MO2ym Obib UCNONL306AHL NI PA3PAbOmMKY crmpamezuti paseumust, 01 CPABHEHUS

IKOHOMUUECKO20 POCIA 68 PEUOHAX C HUSKUMU, CPEOHUMU U BLICOKUMU MEMNAMU PA3BUMUSL.
KiroueBble ClIOBa: pervoH, pernoHaabHOE Pa3BUTHE, BAJIOBOI PETMOHANbHBIN IPOAYKT, MHYOPMAIIOHHO-KOMMY-
HUKAI[OHHbIE TEXHOIOIMY, MH(OPMALMOHHbIE TEXHOIOTMY, IM(POBBIE TEXHOMOINM, LN POBasi TOTOBHOCTD, LinpoBast

9KOHOMIIKA, perpecCMOHHaA MOJi€/nb, Kasaxcran

BiaarogapHoOCTb

Vccnedosarue 8vinonHeHo 8 pamkax npoekma epanmosozo gpunarcuposarus IPH Ne AP08052745 «Bnusinue HayKu Ha
coyuanvHo-akoHomueckoe pazsumue Kasaxcmana: memodonozus, MOOenu OUeHKU U CUeHapUuu paseurmus».

[Onga uutupoBanua: Kupeesa A. A., HypbauuH A. C., Mycabanuna [1. C. AHanu3s BAusSHUS MHOOPMALMOHHO-KOMMYHUKALMOHHbIX
TexHonoruit B pernoHax KasaxcraHa // JkoHomuka pernoHa. 2021. T. 17, Bbin. 2. C. 375-388. https://doi.org/10.17059/

ekon.reg.2021-2-2

1. Introduction

The spread of COVID-19 infection led to the
declaration of a pandemic. This has affected the
socio-economic development of many states.
Digitalisation issues have come to the fore. For
Kazakhstan, COVID-19 has become the biggest
challenge in the past two decades. The govern-
ment has imposed quarantine to combat the pan-
demic, starting in Almaty and Nur-Sultan cities
and extending it to all regions. As a result, many
regions, cities, towns, and rural settlements in
Kazakhstan were isolated. At the same time, the
population had to switch to a remote format of
work using information and communication tech-
nology (ICT). Therefore, it is especially important
for Kazakhstan, like many other emerging coun-
tries, to take advantage of ICT and assess its level
of development to ensure rapid economic growth.
The spread of ICT has significantly improved the
efficiency of resource allocation, reduced produc-
tion costs, and increased demand and investment
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in all sectors of the economy. Regarding the grow-
ing importance of ICT and its ability to transform
the world, many researchers have focused on ex-
amining the impact of ICT on economic growth
at the sectoral, national, and cross-country lev-
els. Several theoretical and empirical studies were
conducted to answer the following question: how
does ICT affect economic growth?

Most articles dealing with this topic note that
information and communication technologies are
a major factor in the economic and social devel-
opment of countries, as they have some impact
on economic growth, productivity, and employ-
ment. This is evidenced by numerous scientific
studies and publications, as well as many reports
made by well-known international research or-
ganisations (International Monetary Fund (IMF),
United Nations (UN), Organisation for Economic
Co-operation and Development (OECD), World
Bank, etc.) for different countries. Moreover,
these global organisations claim that the ICT seg-
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ment is one of the main drivers of sustainable
development.

Productivity growth affects the standard of liv-
ing of the population. In turn, investment in ICT is
seen as a key driver for productivity growth. This
relationship has been studied in developed coun-
tries at the firm, industry, and country levels, with
most studies showing that the ICT productiv-
ity effect is positive and economically significant.
Recent scientific literature has considered dif-
ferent concepts and models of the ICT contribu-
tion [1, 2, 3]. There is weak and ambiguous data on
the contribution of ICT investment to economic
growth of regions with less developed economy.
Despite rather mixed empirical data, the World
Bank is optimistic that ICT has great prospects for
reducing poverty, increasing productivity, and ac-
celerating economic growth. Weakness and ambi-
guity of empirical data on the ICT impact in de-
veloping countries may be largely explained by
the lack of high-quality data sets at the micro and
macro levels of ICT for these countries.

A priori, there may be good reasons why the
impact of ICT on economic growth in low-devel-
oped regions differs from more developed regions.
On the one hand, regions with low development
rates may lack absorption capacity, adequate lev-
els of human capital or other complementarities,
such as research and development (R&D) expendi-
tures, and therefore receive less investment to ICT
than developed regions. On the other hand, ICT
can help making an economic leap in developing
regions through traditional methods of increas-
ing productivity, as mentioned by Steinmueller
[4]. Additional productivity gains can be caused by
ICT-related side effects or network effects, as ICT
can reduce transaction costs and speed up the pro-
cess of knowledge creation. These network effects
may be more pronounced when many firms in a
region or industry use similar ICT levels or types.

In this study, we proceeded from the assump-
tion that after the COVID-19 pandemic, there
will be an urgent need to take safety measures to
transform society through mass transition to dig-
ital technologies in Kazakhstan, as well as in the
whole world. At the same time, despite the rapid
adoption of digital technologies, Kazakhstan still
has significant digital gaps, as there are differences
in the speed of implementation and development
of digital technologies depending on the region,
so the least developed territories still lag behind
in the number of Internet users. It is obvious that
the global transition to digital technologies will
transform many economic sectors in Kazakhstan
and completely change the technological struc-
ture. Therefor3, we decided that the initial diag-

nostic algorithm should be based on methodolog-
ical approaches used to analyse the data of the ICT
contribution for regions by using several signifi-
cant indicators.

The research findings may be useful for other
countries in developing policies to overcome the
post- pandemic crisis because ICT can help in-
crease flexibility and resilience to pandemics and
other threats. ICT not only plays a crucial role in
shaping a sustainable development strategy in the
context of lockdown and forced isolation during
a pandemic but can also have a longer-term im-
pact after the end of COVID-19. In addition, the
obtained results can be used in various state doc-
uments, strategic plans of local self-government
bodies and territorial development programmes.

This article contributes to the scientific re-
search in several ways. Section 2 reviews the cur-
rent empirical literature on the ICT impact on eco-
nomic growth, focusing on differences in method-
ologies, data sources, and sample periods. Section
3 describes the unique features of the data set
used for the empirical research. The analysis sam-
ple includes 16 regions of Kazakhstan with low,
medium, and high gross regional product (GRP)
per capita in the period from 2007 to 2018. Based
on these data, the section presents results, includ-
ing a comparison of estimated regression coef-
ficients of ICT indicators for the combined sam-
ple and three subgroups of regions. The findings
for the entire sample of regions confirm the pos-
itive ICT contribution to economic development.
Estimates using subsamples for three groups of
countries show only minor differences between
regions with low, medium, and high development
rates. Thus, the results show that regions with low
and medium economic development do not re-
ceive more from investment in ICT than devel-
oped regions, which calls into question the eco-
nomic leap from the use of ICT discussed above.

2. Theoretical Background and Literature
Review

Over the past decades, the widespread use of
ICT has led to a dramatic transformation of the
world into the information society. Due to ICT
infrastructure, such as fixed telephones, mobile
phones, the Internet and broadband, people, firms
and governments now have much better access
to information, knowledge, and skills in terms of
scale and speed. In the past three decades, numer-
ous scientists have studied the ICT impact on the
economic and social development of countries at
both the country and regional levels, applying dif-
ferent methodologies, data sources, and periods.
Most empirical studies conclude that increasing
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use of ICT can lead to growth in gross domestic
product (GDP), productivity, and employment.

There is an increasing consensus among growth
theorists and development specialists that tech-
nological innovation and diffusion can play a cru-
cial role in driving economic growth and produc-
tivity. Early proponents of this view were Kraemer
& Dedrick [5], Scott & Storper [6] and Krugman
[7]. They focused on the role of technological in-
novation in explaining economic and productiv-
ity growth. Scott and Storper argued that eco-
nomic growth and technological change are in-
extricably linked [6]. First, an increase in capital
and labour can itself lead to economic growth, but
without innovation, the return from increases in
capital and labour will decrease, and productivity
gains will be limited or non-existent. Second, be-
cause technological innovations are codified in in-
structions, such as software code or semiconduc-
tor designs, the proliferation of these instructions
can lead to increased returns on scale, as the aver-
age cost of such instructions decreases with each
new user. Thus, the widespread adoption of tech-
nology creates an opportunity for increasing re-
turns on investment.

In 1998, using data from 27 Central and Eastern
European countries for the period 1990-1995,
Madden and Savage analysed the empirical rela-
tionship between ICT investment and economic
growth [8]. The results of the study showed a pos-
itive relationship between investment in telecom-
munications infrastructure and economic growth.
Roller & Waverman [3] examined the relationship
between telecommunications infrastructure and
economic growth in 21 OECD countries between
1970 and 1990, revealing its positive and signif-
icant impact. The results show 2.8 % growth in
GDP with 10 % growth in telecommunications in-
frastructure. In another study on OECD countries,
Datta and Agarwal, using the dynamic panel data
method for 22 countries, investigated the long-
term relationship between telecommunications
infrastructure and economic growth [9]. They
found a significant and positive correlation be-
tween these two factors.

At the same time, the level of ICT development
in a region determines its capability to ensure the
competitiveness of the regional socio-economic
system (considering all its elements: infrastruc-
ture, various socio-economic institutions, eco-
nomic entities, etc.). The study of the ICT im-
pact on regional development requires an analy-
sis of subject-object relations at all levels of infor-
mation and communication interaction. Scott &
Storper [6], Krugman [7], Rocha [10] and Puga [11]
suggested assessing the development of the inno-

Ekonomika Regiona [Economy of Region], 17(2), 2021

vation infrastructure of regional clusters, consid-
ering the state of the existing infrastructure, but
without highlighting its digital component.

Among Russian scientists, we can distinguish
the works of Sukhanova [12], Terebova [13], Zharov
[14], Dvoeglazova [15] that consider the level of
innovative development of territories through the
prism of regional differentiation, but do not pay
due attention to the state of digital infrastruc-
ture. Charykova & Markova [16] consider theo-
retical and methodological provisions and devel-
opment of a qualitatively new model for improv-
ing regional clusters using digital technologies,
whose relevance is determined by new conditions
of the economic transformation. However, the pa-
per does not investigate the issues related to the
system analysis of all clusters and their impact on
the organisation of the socio-economic space of
the region. The same can be said about other sim-
ilar studies, which are interesting because they at-
tempt to combine statistical data in the calcula-
tion of integral indicators [17, 18, 19].

The features of the ICT sector in the
Russian economy are outlined in the work of
Abdrakhmanova & Kovaleva [20]. In the sce-
nario for the development of the ICT sector in
Russia, some features (growth of telecommuni-
cations against the background of lagging in soft-
ware development and services) are characteristic
of catching-up development. All these trends are
common to many Commonwealth of Independent
States (CIS) countries, including Kazakhstan. This
is reinforced by the impact of the current indus-
trial structure, economic situation, and specificity
of the Russian industrial development.

There are scientific research results in the field
of management of ICT development processes and
its impact on the digital economy. For example, in
some works, more than two dozen indicators for
assessing ICT and the level of digitalisation are
given, and their borders are also indistinct [21, 22,
23]. In addition, the concept of “digital economy”
was introduced by Negroponte in 1995 as a met-
aphor for a new information culture, an organic
part of which was the content in digital form (mu-
sic, movies, pictures, games, etc.), which was ini-
tially defined as computing [24]. Over time, it has
become more applicable to the economy, which
confirms the thesis of the dominant role of culture
in creating new meanings and values.

The level of digital readiness plays a huge role
in the ICT development. Digital readiness has
many meanings in the literature. Its leading defi-
nition is the willingness of individuals, organisa-
tions, and sectors of the economy to adopt and
apply innovative digital technologies to increase
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the benefits of these innovations. Quaicoe and
Pata defined digital readiness as the readiness of
teachers’ abilities, knowledge, and conviction to
accept digital learning in the primary and sec-
ondary education systems in Ghana [25]. More re-
search into the essence of technological readiness
in four dimensions will lead to more awareness of
the technology adoption process [26]. Other sci-
entists have examined this concept in their own
studies of the digital readiness of correspondents
in Malaysia [27, 28, 29].

Differences in terminology make it difficult to
develop models of digital readiness, which indi-
cates that there is no single definition of digital
readiness. Inconsistent implementation of con-
cepts and models of digital readiness has led to
the fact that research results are not comparable
and do not have any chances to be applied to form
a shared knowledge of digital readiness. As a re-
sult, many works focus on the need to strive for
uniformity by defining the main components of all
models [30, 31, 32].

Similarly, for 105 countries that are divided
into different groups (region and per capita in-
come), Shiu & Lam [33] studied causal relation-
ship between telecommunications development
and economic growth. The authors believe that
there is a bi-directional relationship between the
development of telecommunications and eco-
nomic growth in European countries, as well as in
high-income countries [33]. For countries in other
regions and the lower-income group, this rela-
tionship is usually unidirectional (from real GDP
to telecommunications development). Therefore,
the authors point out that the development of tel-
ecommunications is not an important factor de-
termining economic growth for less developed
countries. Cieslik and Kaniewska analysed the re-
lationship between telecommunications infra-
structure and regional income levels using panel
data for 49 regions of Poland in 1989-1998 [34].
The authors found a positive and statistically sig-
nificant causal relationship between telecommu-
nications infrastructure and revenue at the re-
gional level, but the causal relationship exists be-
tween telecommunications to revenue.

Despite the great scientific interest, the devel-
opment of a methodology for assessing the ICT
level considering the digital component is not an-
alysed. As a rule, the reviewed works study certain
ICT aspects, with the prevalence of the technolog-
ical aspect. There are practically no works devoted
to a comprehensive economic study of this phe-
nomenon. However, we will try to make our own
scientific contribution to the growing stream of
such research, which constructively analyses or

criticises the current understanding of the ICT
impact and how to manage and use it in the pro-
cess of integration between participants in the in-
novation process. In Kazakhstan, the digital econ-
omy is currently in the process of formation, and
therefore the research and analysis of the level of
regional ICT development is of relevance. This pa-
per examines the impact of ICT access, such as
the number of computers, fixed telephones, and
the Internet in the regions, on economic devel-
opment. For this purpose, the regional develop-
ment of Kazakhstan was perceived as an indica-
tor of growth. In general, two types of hypotheses
need to be noted in a research:

Hypothesis 1: access to ICT in Kazakhstan re-
gions has a positive impact on their economic
growth.

Hypothesis 2: the use of ICT significantly in-
creases GRP per capita in Kazakhstan regions with
low development rates compared to the most de-
veloped ones.

3. Research Methods

Most economic studies are related to correla-
tion and experimental research. In other words,
the types of scientific research used (correlation
or experimental) are based on a thorough analyt-
ical review of existing methods of world and do-
mestic economic science. This research is based
on a few complex methods, such as systematisa-
tion of statistical data, regression analysis, con-
struction of cartography, etc.

While an analytical review of various sci-
entific studies on this issue shows many differ-
ent indicators, the reasons for choosing specific
multi-factor indicators are not particularly obvi-
ous [35, 36, 37]. It may seem that in many cases
these indicators have been chosen intuitively:
some authors use only 10 evaluation indicators,
while others use up to 200. In addition, a meth-
odology contains a complex system of charac-
teristics [38]. Nevertheless, descriptive indica-
tors related to digital measurements in differ-
ent studies are rather diverse. There are no ac-
cepted methodological approaches, which could
allow us to assess the proposed indicators and
their importance for digital qualities. For this
reason, in our search queries we used such terms
as “digital readiness”, “level of ICT development”
or “ICT costs”. EndNote software was used to as-
sist in data collection. Because of the search, we
have previously identified methods from the fol-
lowing rating databases:

— 18 documents from the Scopus database;

— 32 documents from the Emerald Insight
database;
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— 95 documents from the Science Direct
database.

Thus, it was found that various index systems
differ from each other in the calculation method-
ology, structure, and the ratio of quantitative and
qualitative indicators used. Simultaneously, on
the one hand, the integrity of the resulting data
is ensured; on the other hand, there is a problem
with the complexity of assessing and reducing the
indicators to a single index. The disadvantage of
some evaluation indexes is that they are designed
to have as little negative effect as possible. From
our perspective, it is necessary to develop a com-
prehensive methodology for evaluating perfor-
mance indicators that allows researchers to dis-
tinguish between positive and negative factors. In
other words, it is important to show the current
situation in the country.

In this paper, we used secondary data collected
from multiple sources at various time points dur-
ing 2007-2018. It included the examination of
content in the Russian, English, and Kazakh lan-
guages from official websites of the Committee
on Statistics of Ministry of National Economy
of the Republic of Kazakhstan, the International
Telecommunication Union, and the World Bank.
In particular, the value of access to ICT by region
of the country was adopted for the period 2007-
2018, since the data on the number of fixed lines
in regions before 2007 could not be found. This
data is confirmed by the World Bank database;
although they have all the necessary values be-
fore 2007, they do not consider them at the re-
gional level. Gross regional product (GRP) con-
verted to USD for 2019 has been adjusted for in-
flation since 2007. The data from Turkistan region
(formerly known as South Kazakhstan region) and
Shymkent city in 2018 were combined since many
indicators before this period were presented with-
out division.

In this study, based on statistical data, we as-
sume that it is necessary to build data points for a
certain period, i.e., plot them on a graph at all lev-
els of activity, which theoretically draws the most
appropriate regression line. Regression model is
an analytical method that considers the relation-
ship between all data points in the simulation.
Thus, POLS (pooled ordinary least squares) indi-
cates the combined method of the least squares
(for panel studies), FE (fixed effects) is the method
with fixed effects, RE (random effects) means the
method with random effects, and IV (instrumental
variables) implies the method with instrumental
variables. All these methods were used to create
a regression model with high reliability. The re-
gion’s innovation activity for the number of com-
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puters in organisations was adopted as an instru-
mental variable because the number of computers
is the most highly correlated with GRP.

The panel data regression model was estimated
using the formula below (1):

InGRP,, = o+, InComp,  +B,, Inint, +
Q)

+Bpyra INFixTel,  +B, X +1, +¢,,,
where: InGRP, , — Gross regional product per cap-
ita; Comp, , — the number of computers in organ-
isations; Int, , — Internet access in organisations;
FixTel ,— the number of fixed telephones; X — ad-
ditional control variables; A, — time dummy vari-
ables; a. — the intercept; ¢ — the standard error of
the regression.
Pooled OLS estimator for the regression model
is (2):

2)

where ar indicates region-specific effects and x|,
is all independent variables mentioned above. For
the fixed effect model, we used the estimator (for
the STATA software package) given in the formula

below (3):

InGRP,, =a+Bxx/, +A, +(a, —a+e,,),

InGRP,, ~InGRP; +InGRP =

=o+B(x,, —X, +X)+A, +(¢,,—5 +E). (3)

Breusch-Pagan/Cook-Weisberg test for het-
eroscedasticity showed that estimated y % = 47.41
on p-value = 0.000, and there is strong evidence
to state that null hypothesis is failed to reject,
and the variance is constant. Consequently, for a
model with homoscedastic error, the term two-
steps least squares (2SLS) estimator was used for
IV model (4):

_ ' 5 '
InGRP,, =a+Bxx/, +y,xx/ +X +¢,,

4)

wherey, is the first-step equation with only exoge-
nous regressors. Multicollinearity was checked by
using the variance inflation factor (VIF). The high-
est VIF = 7.16 was estimated for log of computers
in organisations, while meaning VIF for variables
is 4.15 and cannot merit further investigation.

Therefore, the proposed measurement meth-
odology is focused on solving problems of quanti-
tative analysis based on the use of secondary data.
The results obtained will provide reliable and
timely information about current ICT processes in
Kazakhstan regions.

4. Analysis and Results

Since the main aim of this research is to com-
pare the ICT contribution to economic growth in
the regions with low, medium, and high GRP, it is
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Table 1
Groups of Kazakhstan regions by GRP per capita in 2007, USD
High-developed Medium-developed Low-developed
1. | Atyrau region 15355.25 1. | Aktobe region 5887.48 1. | Akmola region 3316.86
Mangystau region | 11331.81 2. |Kyzylorda region 4821.96 2. | Almaty region 2044.90
3. | Almaty city 12325.45 3. | Karaganda region 5202.68 3. | Zhambyl region 1595.87
East K
4. |Nur-Sultan city 1148331 | 4. |Kostanay region 382395 | 4. reﬁfonazakhStan 3446.28
5. |Pavlodar region 4839.10 5. | Turkistan region 1601.07
6. We§t Kazakhstan 6125.49 6. No¥th Kazakhstan 989,62
region region
High > 11000 USD GRP per capita, Low < 3500 USD GRP per capita for 2007.
Table 2
Summary statistics: regional groups for 2007-2018
High-developed Medium-developed Low-developed Total
N Mean N Mean N Mean N Mean
GRP per capita in USD 48 17131,92 72 7230,46 72 3797,31 192 8418,39
In (GRP) 48 9,70 72 8,85 72 8,16 192 8,80
In (Computers in 48 10,90 72 10,18 72 10,12 192 10,34
organisations)
In {Internet in 48 8,15 72 7,62 72 7,60 192 7,75
organisations)
In (Fixed telephone in 48 5,39 72 5,31 72 5,44 192 5,37
organisations)
Innovation activity of 48 5,81 72 7,13 72 7,69 192 7,01
region %

necessary to divide the entire sample into three
subgroups. The definition of the country groups
is based on GDP/GRP per capita or indicators that
are more general. The threshold variable selected
in this empirical Appendix is GRP per capita in
the initial year of the 2007 data set expressed
in USD adjusted for inflation until January 2019
(Table 1).

According to the data, in 2007 there were six
regions with low GRP, six regions with medium
GRP, and four regions with high GRP. According to
this definition, countries with less than 3500 USD
in GDP per capita are classified as low-developed
regions, and all regions with more than 11000 USD
in GRP per capita are considered high-developed
regions. There is a large gap in GRP per capita be-
tween West Kazakhstan region, as a medium-de-
veloped region with the highest GRP per capita,
and Mangystau region, as a high-developed region
with the lowest GDP per capita. However, quite
close values are discovered between regions with
medium and low development rates, the differ-
ence between them is only 11 %.

Table 2 provides descriptive statistics of three
subgroups of regions of Kazakhstan for the period
2007-2018.

The average gross regional product (GRP) per
capita in regions with low development rates is

3,797 USD. The minimum value is just under 700
USD (Turkistan region in 2015) and the maximum
is 6989 USD (East Kazakhstan region in 2018). For
medium-developed regions, this average is 7,230
USD, ranging from 3,823 USD to 11,999 USD. We
can see the highest average GRP per capita with
17,131 USD for regions with high development.
Initial data for calculation is given in Tables from
3to11.

The average logarithms of ICT indicators in
all subgroups of regions are identical, although
the number of computers, Internet access points
and fixed telephones in middle-developed regions
show the lowest value of 8.00, 4.88 and 4.34, re-
spectively; the maximum value for the number of
computers (11.23) in the group of low-developed
regions is the lowest among all subgroups. High-
developed regions were expected to show ex-
tremely high values of all three ICT development
indicators. Obviously, this is an interesting result.
The change in the average gross regional prod-
uct per capita over time is shown in Fig. 1, demon-
strating almost identical trends for all groups of
regions, as well as sharp declines in 2008 and 2020
in Kazakhstan.

Table 7 shows the results of evaluating the re-
gression model for the entire sample for the pe-
riod of 2007-2018.

DKOHOMMKa pervoHa, T.17, Bbin. 2 (2021)
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Table 3
Summary statistics: regions with low GRP in 2007-2018
N Mean St. dev. Min Max
GRP per capita in USD 72 3797.31 1410.817 688.24 6989.48
In(GRP) 72 8.16 42 6.53 8.85
In(comp) 72 10.12 71 8.36 11.23
In(internet) 72 7.60 .709 5.204 8.58
In(fix.tel.) 72 5.44 .33 4.61 6.02
In(export) 72 5.63 1.54 1.481 7.98
Innovation activity of the region % 72 7.69 4.06 7 15.5
GRP in 2019 mln. USD 72 4898.02 2342.23 1625.94 10292.02
Population 72 1398810 735334.5 554519 2993258
Source: Committee on Statistics of MNE RK
Table 4
Summary statistics: regions with medium GRP in 2007-2018
N Mean St. dev. Min Max
GRP per capita in USD 72 7230.469 1899.917 3823.95 11999.38
In(GRP) 72 8.85 .26 8.24 9.39
In(comp) 72 10.18 71 8.005 11.29
In(internet) 72 7.62 77 4.88 8.94
In(fix.tel.) 72 5.31 44 4.34 6.06
In(export) 72 7.95 72 6.43 9.165
Innovation activity of the region % 72 7.13 3.308 1.5 14.7
GRP in 2019 mIn. USD 72 6148.649 2214.895 3048.609 12708.79
Population 72 858638 242638.6 598342 1385037
Source: Committee on Statistics of MNE RK
Table 5
Summary statistics: regions with high GRP in 2007-2018
N Mean St. dev. Min Max
GRP per capita in USD 48 17131.92 5666.78 10941.59 33115.17
In(GRP) 48 9.70 .30 9.30 10.407
In(comp) 48 10.90 .95 8.73 12.44
In(internet) 48 8.15 1.15 5.08 10.09
In(fix.tel.) 48 5.39 .69 4.36 6.59
In(export) 48 8.81 71 7.82 10.26
Innovation activity of the region, % 48 5.81 3.59 1.1 14.7
GRP in 2019, mln. USD 48 14717.14 7839.84 4616.61 33660.67
Population 48 874254.5 429403.5 407403 1854556
Source: Committee on Statistics of MNE RK
Table 6
Summary statistics: 2007-2018-combined sample
N Mean St. dev. Min Max
GRP per capita in USD 192 8418.397 6135.656 688.24 33115.17
In(GRP) 192 8.806 .68 6.53 10.40
In(comp) 192 10.34 .84 8.005 12.44
In(internet) 192 7.75 .89 4.88 10.09
In(fix.tel.) 192 5.37 A48 4.34 6.59
In(export) 192 7.29 1.72 1.48 10.26
Innovation activity of the region, % 192 7.01 3.73506 7 15.5
GRP in 2019, mln. US$ 192 7821.78 5934.11 1625.94 33660.67
Population 192 1065107 579187.9 407403 2993258
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Table 7
Dependent variable: In(GRP) for 2007-2018, combined sample

POLS RE FE v
In(comp) 0.77" 0.18™ 0.17" —2.47"

(.11) (.045) (.043) (1.247)
In(internet) -0.179 0.066 0.071" 2.436"

(.108) (.040) (.038) (.303)
ln(ﬁx. tel.) —0.634™ —-0.027 0.028 —0.149

(.106) (.090) (.092) (1.014)
Constant 5.583"™" 6.533" 6.3317" 16.275™

(.590) (.508) (.506) (4.238)
Year Dummies Yes Yes Yes Yes
Adjusted R? 0.352 0.211 0.377
Observations 192 192 192 192

t statistics, *p < .10, **p < .05, ***p < .01.

According to the data, the impact of the num-
ber of computers in organisations in Kazakhstan
regions on GRP per capita is shown with coeffi-
cients between -2.47 and 0.77, the values for ran-
dom effects (column 2) and the fixed effects model
(column 3) are almost identical. These coefficients
are less than in the case of the combined method
of least squares, which is 0.77. The fourth column
shows a regression with instrumental variables
(IV), where the region’s innovation activity is ex-
pressed as a percentage of the number of comput-
ers in organisations. As a result, we obtained a co-
efficient -2.47, which shows a negative relationship
with regional development. The same relationship
are observed between GRP per capita and Internet
access in organisations, where in case of POLS the
value is -0.179, while the coefficients in RE and
FE models (0.066 and 0.071, respectively) indicate
a positive effect, similar to the indicators of the

number of computers in organisations. Moreover,
the method with instrumental variables, in con-
trast to the previous one, shows the strongest pos-
itive influence on development (2.436). The num-
ber of fixed telephones is decreasing due to the
development of mobile devices, which is clearly
demonstrated by the coefficients of all regressions
except FE (0.028); the indicators obtained in other
models are negative: -0.634 in POLS, -0.027 in RE
and -0.149 in IV. An indicator of the reliability of
the built models ranges from 0.211 to 0.377, which
demonstrates the need to include the basic com-
ponents of the GRP in the model.

Table 8 shows the results of the regression with
an additional variable.

Compared to equation 1, an additional varia-
ble is exports to regions as a percentage of total
trade turnover, which is an indicator of the open-
ness of Kazakhstan’s regions to trade. This indi-
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Table 8
Dependent variable: Ln(GRP) for 2007-2018, augmented regression
POLS RE FE 1V
In(comp) 0.443™ 0.231™ 0.191™ —0.253
(.070) (.046) (.0424) (.272)
In(internet) —-0.018 0.048 0.063" 0.529"
(.0650) (.041) (.0373) (.091)
-0.412™ —0.092 0.027 -0.285™
In(fix.tel) (.064) (.084) (.089) (218)
In(exporf) 0.268™ 0.117™ 0.065™ 0.304™
(.014) (.018) (.018) (.022)
Constant 4.625™ 5.672"" 5.716™ 6.640""
(.355) (.495) (.518) (.865)
Year Dummies Yes Yes Yes Yes
Adjusted R? 0.7706 0.6906 0.417 0.649
Observations 192 192 192 192
t statistics, p < .10, "p < .05, "p < .01.
Table 9
Dependent variable: In(GRP) for 2007-2018, Split sample
Low-developed Medium-developed High-developed
(1) (2) (3) (4) (5) (6) (7) (8) 9)
POLS RE FE POLS RE FE POLS RE FE
In(comp) 0.0024 | 0.2074" | 0.2129° 0.1547 0.0680 0.0651 0.3839™ 0.3839™ 0.1769™
(.166) (.1055) (.107) (.084) (.053) | (.0505829) | (.1258059) | (.1258059) | (.0663405)
In(internet) 0.3123" | 0.1080 0.1026 0.0682 0.118™ 0.112" -0.173" -0.173" 0.0062
(163) | (102) | (.104) (075) | (.048) | (.0461) (.091) (.091) (.04)
In(fix.tel.) —0.1189 | —0.1205 | —0.1175 -0.17" 0.124 0.351" -0.212" -0.212" 0.21
(.153) (.152) (.159) (.0801) (.120) (.148) (.110) (.110) (.15)
Constant 6.41" | 5.897™ 5.865™ 7.6967 | 6.594™ 5.4625™ 8.07™ 8.07™ 6.57"
(.837) (.950) (.980) (.453) (.629) (.763) (.61) (.61) (.71)
Year Dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes
Adjusted R? 0.2109 | 0.2260 0.382 0.199 0.1206 0.451 0.1266 0.1823 0. 467
Observations 72 72 72 72 72 72 48 48 48

t statistics, ‘p < .10, "p < .05, *p < .01.

cator demonstrates differences in production of
technology between countries. At the same time,
the increasing share of exports in total GRP over
time is an indirect indicator for many different re-
gional characteristics (regulation, infrastructure,
knowledge flow, etc.).

While clearly a positive and significant co-
efficient of the export trade openness is corre-
lated with higher growth rates of GRP of the re-
gions, the effect of computers in organisations
in this extended model statement is now greater
than in Table 7 for all specifications except POLS.
The greatest differences are observed in RE and IV
models with ICT coefficients of 0.231 and —0.253.
The impact of fixed phones on growth checked us-
ing the fixed effect method remained virtually un-
changed. The same applies to the method of in-
strumental variables, which has not shown any
changes relative to others. The coefficients in the
specification of the combined method of least
squares and IV model with the augmented variable

Ekonomika Regiona [Economy of Region], 17(2), 2021

of the regression equation are also clearly greater
than in the simple econometric model in Table 3.
Certainly, the adjusted value has increased as ex-
pected: it is in the range from 0.417 to 0.7706.

The main goal of this study is to compare the
contribution of ICT to economic growth in regions
with low, medium, and high development rates.
Therefore, at the next stage, regression models
are evaluated for each subgroup of regions sepa-
rately. Table 9 shows the results of regressions for
divided samples of three subgroups of regions for
the period of 2007-2018.

The coefficients for ICT show small differences
between subgroups. Internet access in organisa-
tions estimated using the random effects and fixed
effects approaches shows almost similar coeffi-
cients (in the range from 0.012 to 0.118) for both
low-developed regions and middle-developed re-
gions. The contribution of ICT is slightly greater in
developed regions, which have a computer impact
factor with a maximum score of 0.3839. This can be
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Table 10
Dependent variable: In(GRP) for 2007-2018, split sample — augmented regression
Low-developed Medium-developed High-developed
(1) (2) (3) (4) (5) (6) (7) (8) )
POLS RE FE POLS RE FE POLS RE FE
In(comp) -0.026 —-0.023 0.228" 0.231™ 0.116™ 0.1136™ 0.294™ 0.294™ | 0.202""
(.144) (.144) (.1080) (.0622) | (.0369) | (.0375) | (.0696) | (.0696) | (.0666)
In(internet) 0.3671" 0.3644" 0.097 0.0157 0.113™ 0.114™ —0.0606 | —0.0606 | —0.0057
(.141) (.141) (.104) (.0553) (.0331) (.0337) (.0512) | (.0512) | (.0665)
ln(ﬁx. tel.) -0.269" -0.268" -0.073 -0.244™ | —0.159 —0.1311 —0.1008 | —0.1008 0.157
(.135) (.135) (.163) (.0587) (.107) (.126) (.061) (.061) (.156)
In(exporf) 0.125™ 0.125™ 0.032 0.225™ 0.197"" 0.194™ 0.362"" 0.362"" | 0.0975
(.025) (.025) (.028) (.028) (.024) (.025) (.035) (.035) (.058)
Constant 6.392"™ 6.3834"" 5.330™ 5.882™ 6.078™ 5.977" 4.325™ 4.325™ | 5.835™
(.724) (.725) (1.088) (.401) (.498) (.562) (.498) (498) | (.829)
Year Dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes
Adjusted R? 0.4092 0.4424 0.384 0.5786 0.5662 0.707 0.7367 0.7591 0.489
Observations 72 72 72 72 72 72 48 48 48

t statistics, p < .10, *¥p < .05, **p < .01.

explained by the fact that in large megacities like
Almaty or Nur-Sultan, with relatively small terri-
tories and dense population (leading to increased
ICT use), there are great opportunities for growth
in all areas. ICT-related side effects or network ef-
fects can cause additional productivity gains, as
ICT can reduce transaction costs and speed up the
process of knowledge creation. However, the crite-
rion of equality of fixed effect coefficients of ICT
for all three subgroups of regions cannot be re-
jected. In other words, although ICT coefficients
are higher in developed regions than in low- and
medium-developed regions, there is no statisti-
cally significant difference between subgroups.
Thus, even with this slightly higher point esti-
mate, there is no clear evidence to support the hy-
pothesis of an economic leap of regions with low
development rates through ICT, as described in
the Steinmueller’s research [4].

Table 10 demonstrates the results for sub-
groups of regions for the same reliability check as
for the complete sample specification in Table 7,
as shown earlier.

The standard formula of the regression model
for the three subgroups is supplemented by the
value of exports in GRP in the region’s turnover.
Exports in regions with low and medium economic

development, as in the combined sample, are pos-
itively correlated with GRP growth, whereas for
the developed regions only the POLS and RE spec-
ifications show significant effects (0.362). The
fixed-effect specifications (Columns 3, 6, and 9)
show slightly higher coefficients than before that
range from 0.032 in high-developed regions to
0.194 in medium-developed regions.

The results for 2007-2013 and 2014-2018
sub-periods show a lower percentage of comput-
ers in organisations in the earlier period. The split
into these periods was due to two reasons: a) since
2014, the country’s currency has weakened due to
the decline in the cost of oil and the consequent
economic decline; b) the widespread of mobile de-
vices, reducing the demand for fixed telephones.
As expected, with the fixed effects method, neg-
ative feedback can be observed starting in 2014.
This statement is confirmed for all methods.
Computers in organisations are increasingly af-
fecting economic growth in more developed re-
gions after 2014, although the negative effect of
Internet access is increasing, as the model shows.
However, such a significant difference in the ICT
impact in developed regions cannot serve as a sta-
tistically significant proof of the economic leap
hypothesis. Nevertheless, over the final period

Table 11
Groups of Kazakhstan regions by GRP per capita in 2018, USD
High-developed Medium-developed Low-developed
1. | Atyrau region 33115.17 | 1. | Aktobe region 8360.65 | 1. | Akmola region 6178.13
2. | Mangystau region 15052.19 | 2. | Kyzylorda region 5567.07 | 2. | Almaty region 3679.10
3. | Almaty city 17561.23 | 3. | Karaganda region 9218.93 | 3. | Zhambyl region 3654.81
4. | Nur-Sultan city 16693.13 | 4. | Kostanay region 6364.68 | 4. |East Kazakhstan region 6989.48
5. | Pavlodar region 9781.03 | 5. |Turkistan region 3438.40
6. | West Kazakhstan region | 11483.91 | 6. | North Kazakhstan region | 5867.16
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(2018), significant economic growth is observed in
Kazakhstan regions as shown in Table 11.

5. Conclusions

Generally, the COVID-19 pandemic has become
a major challenge for various countries, includ-
ing Kazakhstan. Many governments have imposed
quarantine to combat the pandemic, starting in ma-
jor cities and extending it to all regions. As a result,
many regions, cities, towns, and rural settlements
were isolated. Simultaneously, people had to switch
to a remote work using digital tools and services. In
turn, this situation required determining the level
of digitalisation of the country. Despite the rapid
adoption of digital technologies, Kazakhstan still
has significant digital gaps: implementation and
development of digital technologies differs depend-
ing on the region, so the least developed territories
still lag behind in the number of Internet users. This
study tries to solve the problem of determining the
level of development of Kazakhstan territories in
terms of digitalisation. Based on the research, the
following conclusions were made.

First, the issues related to the study of digi-
tal processes and the impact of ICTs are quite ex-
tensive and dynamically developing, as they cover
many areas. Differences in terminology make it
difficult to develop a methodology for assessing
digital readiness, indicating the lack of a single
definition of digital readiness. As a result, many
papers emphasise the need to strive for uniform-
ity by defining the main components of all models.
Some works do not focus on the digital component
and the ICT impact on the region.

Second, this paper examines the impact of ICT
access, examining how the number of computers,
fixed telephones, and the Internet in regions influ-
ence economic development. For this purpose, the
regional development of Kazakhstan was perceived
as an indicator of growth. As a result, we proposed
two hypotheses. Next, the article emphasised the
necessity to consider an alternative hypothesis as
the direction of its investigation, rather than point-
ing on its relative null hypothesis. Therefore, we
decided to use POLS as a combined method of least
squares (for panel studies). Regressions for three
regional subsamples show small differences in the
impact of ICT access in organisations on economic
growth between low-, medium-, and high-devel-
oped regions. The criterion of equality of these esti-
mated coefficients cannot be rejected, even though
the coefficients are slightly higher for regions with
medium and high development rates.

Third, the study examines the importance of
ICT for economic growth based on 16 regions of
Kazakhstan for the period 2007-2018. The main

Ekonomika Regiona [Economy of Region], 17(2), 2021

question is whether the benefits of ICT investment
differ between regions with low, medium, and high
development rates. This question can be answered
by conducting several independent regressions
for subsamples of regions with low, medium, and
high development and then checking the equal-
ity of the estimated coefficients between sub-
groups of Kazakhstan regions. Based on this anal-
ysis, the macro-econometric validity of the eco-
nomic leap through ICT development, as defined
by Steinmueller [4], remains highly questiona-
ble. Nevertheless, ICT continue to make a signifi-
cant contribution to economic growth not only in
high-developed regions, but also in regions with
low and medium development rates.

Fourth, when studying the ICT impact in re-
gions with different levels of development, it is
necessary to consider not only economic, but also
political and social aspects, such as facilitating ac-
cess to information. Additional analyses based on
a larger sample size for the time interval, as well
as the number of samples considered in each sub-
group, should use better econometric methods
that help confirm current results. This is particu-
larly important in relation to potential indigene-
ity problems in meso-level regression model esti-
mates.Besides, additional research at the firm level
could help to understand the ICT impact on pro-
ductivity and economic growth in low-, medium-,
and high- developed regions. The main conclu-
sions of the study are as follows: a) access to ICT
has had a positive impact on the regional develop-
ment of Kazakhstan in the period 2007-2018; b)
in the least developed Kazakhstan regions, the ra-
tio between Internet access and GRP per capita is
the highest; in the most developed regions, access
to computers has a significant impact; ¢) accord-
ing to the split sample analysis, fixed telephone
communication played a positive role in the re-
gional economic growth before 2014, and then a
negative one after 2014; d) regional groups do not
show significant differences. Accordingly, the first
hypothesis is accepted, the second is rejected.

Fifth, the obtained results provided a scientific
basis for selecting effective measures for the devel-
opment of various territories. Based on new knowl-
edge on the development of various types of re-
gions, it is possible to assess their current state by
the level of primary (availability, quality, and ac-
cessibility of infrastructure) and secondary digital-
isation (intensity and skills of infrastructure use,
availability of digital competencies). In the world
practice, scientific research is widely funded to as-
sess the regional development to ensure the effec-
tive ICT use. Measures could be taken to provide
a basis for making decision and developing strat-
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egies for sustainable development of territories,
considering the level of ICT development of each
region. The results can provide a solution for the
implementation of the strategic plans of state lo-
cal self-government bodies and territorial develop-
ment programmes; they also can be integrated in

the strategy development based on the comparison
of economic growth in low-, medium-, and high-de-
veloped regions. In addition, the expected results
of scientific research will contribute to the devel-
opment of fundamental and applied science in the
long term, not only in Kazakhstan, but also abroad.
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