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Digital modernization of Kazakhstan’s economy
in the context of global trends

Abstract. An academic interest in the topic of digital economy is caused by the ever increasing digital
technology possibilities as a new production factor. In digital production, added value is obtained as a
result of information procession using digital technology, the final products of which are new products and
services. Digital economy contributes to the rethinking of existing economic relations and formation of new
pure digital economy sectors as the basis for a new information economy.

In this paper, we analyze theoretical aspects of the evolution of the «digital economy» concept; examine
various scientific and expert opinions and views on current issues. The authors’ approach to the definition
of «digital economy» concept follows from the economic theory of «productive forces and production
relations,» and is based on the premise of «<new production relations».

This paper critically rethinks the state of digitalization in Kazakhstan, the implementation of the Digital
Kazakhstan Program, which really showed the impact of the 2019-2020 coronavirus pandemic on
digitalization, especially within healthcare, education, and public administration.

The results of the study suggest that at present, digital knowledge and digital literacy skills are becoming
an urgent need for most citizens to improve their efficiency of work and the employee qualification. A
comparative analysis of the digital economy’s development level across leading and developing countries
has shown a number of significant factors that hinder digitalization in Kazakhstan, such as the lack of a full-
fledged digital infrastructure (IT capacity, limited technological capabilities, etc.).
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As a result of the study, we have determined a lag in both implementation of digital communication
technologies and development of digital business in Kazakhstan. Simulation results show that the
effective digital economy development in Kazakhstan requires ensuring a positive dynamics of such key
digital growth indicators, as the availability of digital communication technologies and the volumes of
digital business, which have a positive correlation with the development of digital literacy, and the level
of e-government.

Mathematical methods we used in writing this paper have allowed us to develop a predictive model of the
digital economy development in Kazakhstan in the medium term. We have made specific conclusions and
recommendations for the development of the digital economy in Kazakhstan for the near future.
Keywords: Digitalization; Digital Economy; Digital Technologies; Indices; Projection; Information and
Communication Technologies; Kazakhstan
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LndpoBa moaepHisauia ekoHoMikn KasaxcTtaHy B KOHTEKCTi CBITOBUX TPEHAIB

AHoTauia

HaykoBuii iHTepec OO0 TemMaTuku UMPPOBOi €KOHOMIKM OOYMOBMIEHMIA 3POCTAOHMMU MOXIMBOCTSAMM
LMDPOBUX TEXHONOT I IK HOBOrO akTopa BMPOo6HMLTBA. Y UMdpPOBOMY BUPOOHULITBI fOAAHA CTBOPIOETHLCA
B pe3ynbTaTi 06pobkm iHpopmMaLii 3 BAKOPUCTAHHAM LMMPOBUX TexHoorin. LindpoBa ekoHoMika cnpusie
NepeoCMMUCIIEHHIO CHOPMOBAHNX EKOHOMIYHUX BIAHOCUH, a TaKOX GOPMYBAHHIO HOBUX YNCTUX LNDPOBUX
rany3en eKOHOMIKM Ik OCHOBU HOBOI iHPOPMaLiMHOI EKOHOMIKW.

Y cTarTi nogaHo aHani3 TeEOPETUYHMX aCNEKTIB eBONIOLIT MOHATTA «UndpoBa eKOHOMIKa», BUBYEHO AYMKMU,
nornsaM BYEHUX, EKCMEPTIB Ha akTyanbHy nNpobnemMartuky. ABTOPCbKUIA Mifxif, 00 BU3HAYEHHSI MOHATTS
«umdpoBa EKOHOMIKA» BUMIVBAE 3 EKOHOMIYHOI TEOPIii NPO NPOAYKTUBHI CUM Ta BUPOOHWYI BIGHOCKHN 1
IPYHTYETbLCS Ha MNOCTYNaTi «HOBUX BUPOOHMYNX BiAHOCUH>.

Y crarti KpUTUYHO NEepPeoCMUCNEHO CTaH umdposizauii B KasaxcrtaHi Ta X BMKOHaHHA Mnporpamuv
«Undposuin Kazaxctan», WO peanbHO Nokasas BNAMB NaHaeMii kopoHasipycy 2019-2020 pokie Ha npouec
umdppoBsizaLii, 0cobmMBo B chepax OXOPOHU 300POB’SA, OCBITU, AEPXABHOIO YNpaB/liHHS.

Pesynbtatn gocnigXeHHs NoKasyoTb, WO B AAHMN Yac UMPPOBi 3HAHHS 1 HABUYKK LUMEPPOBOi rPaMOTHOCTI
CTaloTb HaranabHOI NOTPEOOIO ANg OINbLWOCTI rPOMaasiH KpaiHW Ans NigBueHHs epeKkTMBHOCTI Npaui Ta
kBani¢pikauii npauisHuka. NopiBHANBHNI aHani3 PiBHS PO3BUTKY LMEOPOBOI EKOHOMIKM NPOBIAHNX KPaiH Ta
KpaiH, WO pO3BMBAOTLCA, NOKadaB pAn iICTOTHUX pakTopiB, AKi ranbMyloTb UMdpoBisauito B KasaxcraHi,
30KpemMa BiACYTHICTb MOBHOLHHOI UMPOBOI iIHPpPacTPYKTypu (cnabkicTb IT-NOTY>XXHOCTEN, TEXHONOTIYHNX
MOX/TMBOCTEN Ta iH.).

Y pesynbtaTi A0OCNIOXEHHSA BUSBAEHO BiACTaBaHHS WOO0 BMPOBALXEHHS LUUPPOBUX i KOMYHIKaLMHNX
TEXHONOrI i po3BuTKy umdppoBoro OisHecy B KasaxcTaHi. Pesynbtatn npoBeOeHOro MoaentoBaHHs
NnoKasyloTb, L0 A9 epeKTUBHOro po3BuUTKY UMPpPoBOi ekoHOMiku KasaxctaHy HeoOxigHO 3abe3nedunTtun
3POCTaHHS TakuX KJHOYOBMX iHOMKATOPIB UMPPOBOro 3pOCTaHHs, Ak 3abe3neyeHictb uMdpoBux i
KOMYHiKaLiHUX TexHonorin i obcarn umdpoBoro Bi3Hecy, fki MalTb MO3UTMBHUI B32EMO3B’A30K i3
PO3BUTKOM LIMDPOBOI rPaMOTHOCTI HACENEHHS, PIBHEM €NEKTPOHHOIO YPSAAY BPSAyBaHHA KPaiHW.
BukopucTaHHa MaTtemMaTu4HMX MEeTOLIB NPW HanMMCcaHHi CTaTTi 4O3BONNIO PO3POBUTN NPOrHO3HY MOAENb
pPO3BUTKY UUMPPOBOiI eKOHOMikM KazaxcTtaHy Ha cepenHbOCTPOKOBY nepcnekTuBy. ABTopamMm 3po0eHo
KOHKPETHI BMCHOBKM N HagaHO peKoMeHaauii womo po3BUTKY UMEPPOBOI eKOHOMIiKM Ka3axcTaHy Ha
Hanbnmxye MaibyTHE.

KniouoBi cnoBa: undposizauis; undppoa ekoHoMika; UMPPOBI TEXHONOrIi; iIHAEKCK; NPOrHO3yBaHHS;
iHpOpPMaLMHO-KOMYHIKaLiNHI TEXHONOrii; KasaxcTaH.
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LUundpoeras moagepHnsaumsa akoHoMmuku KazaxcraHa B KOHTEKCTE MUPOBbLIX TPEHA0B

AHHOTaAUNA

HayuHbln MHTEpec K TemaTuke UMEPPOBON 3KOHOMUKM OOYCJIOB/IEH BO3PACTAOLMMM BO3MOXHOCTAMM
LUMPPOBLIX TEXHOJIOMMIM Kak HOBOro ¢akTopa npou3soacTtea. B umdpposom npomnssonctee nobaBeHHas
CTOMMOCTb CO34aeTcs B pe3ynbTare 06paboTkm MHGOPMALLMK C UCTMONb30BaHMEM LINGPOBbIX TEXHOIOMA.
LindpoBas akoHOMMKA CNOCOOCTBYET MEPEOCMbICIEHMNIO CHNOXUBLLUUXCS 3KOHOMMUYECKMX OTHOLLIEHWIA,
HOPMUPOBAHMIO HOBbIX YNCTbIX LMPPOBLIX OTPACIEN 3KOHOMMKU KakK OCHOBblI HOBOW MHGMOPMALMOHHOM
3KOHOMUKMU.

B crtatbe fgaH aHanuM3a TeopeTUYeCcKMX acnekTOB 3BOJIIOLUUU MOHATUS «UMPPOBas 3KOHOMUKE», N3Y4YEHBbI
MHEHMS, B3rNsObl y4eHbIX, SKCNEPTOB Ha akTyasibHylo Npobnemartmky. ABTOPCKMIA NOOXOL K ONpeaeneHunto
NOHATUA «UndpPOBas 3KOHOMUKA» BbITEKAET U3 3KOHOMUYECKOWN TEOPUU NPO NMPOU3BOAMUTENbHBIE CUMbI U
NPOU3BOACTBEHHbIE OTHOLLEHUS U OCHOBbLIBAETCS HA NOCTY1ATE «HOBbIX MPOU3BOACTBEHHbLIX OTHOLLEHUIN».
B ctatbe KpUTUYECKM NEPEOCMbLICNEHBI COCTOSIHME UMdpoBmn3aummn B KaszaxctaHe u X0, BbIMOSIHEHUS
nporpammsel «Lindposon KazaxctaH» ¢ y4eToM BAMSHUA naHgemum kopoHasupyca 2019-2020 ropos
Ha npouecc uMdpoBu3aLmMn, B 0COOBEHHOCTU B 34paBOOXPaHeHun, oBpaszoBaHMU, FOCYAAPCTBEHHOM
yrpasfiieHun.

Pesynbtathl ncCnegoBaHns NOKa3blBaOT, YTO B HACTOSILLEE BPEMS LM POBbIE 3HAHMS U HaBbIkKK LUbPOBOM
rPamMOTHOCTM CTAaHOBATCS HACYLLHOWM NOTPEBHOCTbIO AN OOMbLUMHCTBA rpaXaaH CTpaHbl, a Takxe Ons
noBblleHNs 3PDEKTUBHOCTU Tpyaa U kBanudukauyum paboTHUKOB. CpaBHUTENbHLIA aHaNnU3 YPOBHS
pasBuTUS UMOPOBON SKOHOMMKU BEAYLWIMX WU PasBUBAKOLIMXCS CTPaH Mokasan psg CyLeCTBEHHbIX
dakTopoB, TOPMO3ALMX LmppoBu3aumto B KazaxctaHe, B HaCTHOCTU OTCYTCTBME NOJIHOLEHHOW LM pPOBON
MHPPACTPYKTYPbI (cnabocTb IT-MOLWHOCTEN, TEXHONOMMYECKNX BO3MOXHOCTEN 1 Ap.).

B pesynbrate uccnefoBaHus BbISIBEHO OTCTaBaHMeE MO BHEOPEHUIO UMADPOBbLIX U KOMMYHUKALVOHHbLIX
TEXHONOMMIN N pasBmTUio LMPPOBOro bmuaHeca B KazaxctaHe. Pe3ynbTarbl NPOBeAEHHOrO MOAENNPOBAHMNS
nokasbiBaloT, 4TO AN 9PPEKTUBHOrO pasBuUTMA UNPPOBOKM dKOHOMUKM KazaxctaHa Heobxoaumo
obecneunTb POCT TakuX KIIHOYEBLIX MHAMKATOPOB UMOPOBOro pocrta, kak obecrneyeHHOCTb UMOPOBLIX
N KOMMYHUKALMOHHBIX TEXHOOMMIA N 06beMbl UMPPOBOro 6U3HECA, KOTOPbIE MMEIOT MONOXUTENbHYIO
B3aMMOCBA3b C pa3sBuTnemM umdpoBOr rpaMoTHOCTN HACENEHNA U YDOBHEM 3J1EKTPOHHOIO NpaBuUTesNbCTBa
B CTpaHe.

Mcnonb3oBaHne mMateMaTtmyeckmx METOA0B NpU HanMcaHnn ctaTby NO3BONIUIIO pa3paboTarb NPOrHO3HYO
MOAeNb PasBmUTUS LUNMGPPOBON 3KOHOMUKK Ka3axcTaHa B CpeoHECPOYHOW nepcnekTuee. B 3aknioyeHue
cAaenaHbl KOHKPETHble BbIBOAbI M PEKOMEHAAUVM OTHOCUTENBbHO PasBuTUS UMEOPOBOA SKOHOMUKMU
KasaxctaHa Ha 6nmxariwee byayliee.

KnioueBble cnoea: unmdopoBmsauud; umdpoBas 3KOHOMUKA; UNPPOBbLIE TEXHONOIMU; WHOEKCHI;
NPOrHo3mpoBaHmne; NHOOPMALMOHHO-KOMMYHUKALMOHHbIE TeEXHONOrMKn; KazaxcraH.

1. Introduction

The global economic space is facing a steady trend of digitalization development being formed
as an objective element of new industrial relations. In the digital economy, digital technologies get
the final product based on the results of information processing. There is a change in productive
relations at a higher level of increasing labor productivity, the emergence of new purely digital in-
dustries.

Digital technologies cause fundamental changes in economic relations, increase the level of
competitive opportunities of national economic sectors and the formation of a «digital society.»
Digital economy, as a new type of management based on information processing for management
in all cycles of production and consumption, will serve as the basis for the development of future
economy as a whole. Transformation of the accelerated transition of the national economy to new
digital technological solutions will raise it to a qualitative level of development, for Kazakhstan’s
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reality in a departure from the one-sided raw material model. All this confirms the relevance of the
study of the digital economy development issues.

Methodological basis of the study. In the course of the study, we used a set of methods, such
as observation, generalization, comparison, analysis, systematization, processing, economic and
mathematical modeling.

2. Brief Literature Review

Conceptual foundations of the digital economy are laid in the scientific papers by such scien-
tists as Nicholas Negroponte (1995), who believed the information volume of a digital nature to
be the basis of the new digital economy; Don Tapscott (1996) who was the first to propose a de-
finition of the digital economy in his book «Digital Economy: Promise and Peril in the Age of Net-
worked Intelligence:» an economy based on the use of information computer technologies and
many others.

In the time following, with the progress of scientific thought, and the emergence of new tech-
nologies, research of trends in the transformation of the world economy to a digital one conduc-
ted by many scientists, experts, international organizations has enjoyed a rapid development. This
included Brynjolfsson, Kahin (2000), Mesenbourg (2001), Johansson, Karlsson, Stough (2006),
Skilton (2015), Doucek, Fischer, Novotny (2017), Glazyev (2017), Shvab (2016), Gokhberg (2019),
Golovenchik (2019), Zhang, Chen (2019), Bukht, Heeks (2018), Ozili (2018), Kulkov (2017), Do-
brynin et al. (2016) and many others who in their scientific research consider various theoretical
aspects, features of the evolutionary development of the digital economy, the use of digital tech-
nologies, and the impact of digitalization on economic growth. We have summarized their main
conclusions:

1) Objectivity of the transition to new economic relations (the sixth technological order associated
with the information revolution (Glazyev, 2017), K. Shvab: «Changes in the nature of production
or economic relations...» (Shvab, 2016).

2) Digital economy, as a number of economic and social activities carried out by internet users
using digital technologies.

3) Digital economy is the production using digital technologies in production and trade of goods
and services (Bukht, Heeks, 2018; Zhang, Chen, 2019; Dobrynin et al., 2016).

4) Digital economy is the main source of economic growth, and will stimulate competition, invest-
ment and innovation (Golovenchik, 2019; Gokhberg, 2019; Sembekov et al., 2020).

As practice shows, the structure of the modern digital economy includes production related to
the use of digital technologies, such as ICT (telecommunications, internet, IT services, software
production, network products, electronic trade of goods and digital services (telemedicine, dis-
tance learning, sales of goods, movies, books, television), and part of the branches of the «tradi-
tional» economy, in which digital technologies are introduced as necessary for production.

A whole number of scientific works identifies or compares the concept of «digital economy» with
such economic categories as «information economy,» «knowledge economy,» «internet econo-
my,» «net-economy,» «e-economy,» «new economy,» etc. In this case, we endorse the statement
by Sembekov et al. (2020) that the above terms are used as certain synonyms to denote new
changes in the economy as technological development and the formation of more modern pro-
ductive digital technologies, the internet, and neural digital networks.

Some authors have made an attempt to combine all these terms into one direction, calling
it the new economy. This broad definition covers network business and e-commerce (business
using ICT), online operations, etc. Digital economy also includes an algorithmic economy based
on the processing of Big Data, and platform companies (Amazon, eBay and Alibaba, Uber, Airbnb)
(Huckle et al., 2016).

Digital economy is enjoying the emergence of new industries, such as the digitized economy,
the economy of free earnings, the algorithmic economy, the logistics economy. All of these are a
part of the digital economy space.

Consequently, the objectivity of the emergence of new digital economy branches causes the
use of the following new terms of the digital economy in research: «digital finance,» «digital cur-
rency,» «digital assets,» «digital operations,» «cryptocurrency exchange,» «digital financing,» «fi-
nancial integration», etc. (Ozili, 2018).

Digital economy acts as an economic production with modified production relations, in which
digital technologies are the main factors of the digital economy (Figure 1).
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‘ Traditional economy (production of material goods) ‘
v
Information Economics (informatization)
[
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v
Knowledge economy ‘—{ Internet economy H Network economy F‘ Electronic economy

Information services Network business

Software security and IT
consulting

Economy

Digital services .
«Free earnings»
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Telecommunication Digital platforms

Digital trade

v

[ Systems approach (Europe) ]——> Digital Economy 4—( Technological approach (USA) J

Figure 1:
Economy evolution
Source: Developed by the authors using sources
(Zhang, Chen, 2019; Bukht, Heeks, 2018; Dobrynin et al., 2016)

Thus, the authors base their reasoning for the «digital economy» concept definition on the eco-
nomic theory of «the system of productive forces (knowledge, technology and tools) - production
(economic) relations.» At the core of the traditional economy, real labor would create surplus va-
lue. At one time, such means of production as the loom or electricity would provide a higher labor
productivity. With the introduction of digital technologies in the production process more produc-
tive means of labor came as well.

We believe that the digital economy is a system of new production (economic) relations through
the use of digital technologies, in which value added is based on the results of information proces-
sion (Sembekov et al., 2020).

To date, proven methods for assessing the criteria for the digital economy development are
non-existent. An analytical review of the scientific works by both foreign and local scientists al-
lows us to draw attention to the following features and contradictions that characterize the deve-
lopment of the digital economy in the world:

1. Digital economy based on modern technological solutions is most strongly developed
in the leading countries (USA, South Korea, Japan, Great Britain, China), which have a po-
werful scientific and technological potential, highly qualified experts, respectively, and world
class high-tech companies. According to the data found in Mary Meeker’s report 2018 Internet
Trends, all the largest technology companies by capitalization are concentrated in the United
States and China, and their combined capitalization is approximately USD 5.9 trillion, with 75%
of the value coming from US companies and 25% from Chinese ones. These are Apple, Alpha-
bet, Facebook (two-thirds of the global social media market), Amazon (almost 40% of global
online retail sales), Microsoft, Google (about 90% of the search engine market), eBay, Tencent,
Alibaba, etc. (BCS Express, 2018).

2. Digital economy is poorly represented in developing countries due to the above-mentioned
reasons. Currently, there is a huge gap in the world between countries with poor internet develop-
ment and highly digitalized countries. For example, in the least developed countries, only one in
five people have access to the web, while in developed countries, it is four out of every five people
(United Nations Conference on Trade and Development, 2019).

Developing countries’ desire to accelerate the digital economy development is possible in
countries with great technological potential for national development: India, Brazil, Russia, etc.,
to accelerate economic growth faster than in traditional sectors of the economy.
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3. The change in production relations of the traditional economy, the emergence of new digi-
tal factors of production of the digital economy contributes to the emergence of new organizatio-
nal forms, new specialties, the demise of many types of activities and professions of the traditional
economy. Employees with a good level of knowledge in digital technologies will find themselves in
a better position, will be more competitive. Local companies in the traditional economy will not be
able to withstand the fierce competition from domestic and foreign companies using digital tech-
nologies, and various activities will simply disappear as a result of automation and reformatting of
qualification requirements for employment, which is quite clear in the context of the 2019-2020
coronavirus epidemic.

4. Strengthening of social, economic, technological and other contradictions in the conditions
of digitalization: a discrepancy between the employee interests and digital technology, demise
of some occupations, emergence of new ones requiring high computer literacy, a potential in-
crease in unemployment, violation of personal life, confidentiality of personal data, cybersecurity
issues at the national, macroeconomic (industry) and microeconomic (enterprises, private busi-
ness) levels.

5. Digital technologies will be used in the most prepared sectors of the economy. World ex-
perience shows that the most prepared for the introduction of digitalization are financial markets
(banks, insurance companies, pension funds), telecommunications, network and logistics com-
panies, as a supplement in education, urban infrastructure (video systems, smart apartments and
houses, etc.).

3. The purpose of the study is to analyze the current state of digital economy in Kazakhstan,
and to identify existing issues in its development. Conducting an economic and mathematical pro-
jection of digital indices of the national economy in the medium term, development of proposals
for improving digital growth.

4. Results

The analysis of current state of world digitalization shows that introduction of digital communi-
cation technologies (ICT) in economic, social and public relations will allow the state and society
to advance to a higher level of development. Currently, the issues of economy digitalization are the
main priority for a multitude of countries aiming to achieve high level of economic growth.

Leading countries of the world have the necessary scientific, technical and technological po-
tential for the digital economy development, conducting research to create new technological so-
lutions, unlike Kazakhstan as a developing economy with limited financial and technical capabi-
lities. Leading high technology countries (UK, USA, Singapore, Republic of Korea, Japan, Den-
mark, and China) note that qualitative development of the digital sector was preceded by the pre-
sence of fundamental basics of scientific and technical potential, which formed the national pro-
gramme for the digital economy development. For example, the US and China account for 75% of
all patents related to blockchain technologies, 50% of global spending on the Internet of Things,
and more than 75% of the global market for open cloud computing technologies. Digital economy
is estimated to account for between 4.5 and 15.5% of global GDP. Alimost 40% of the value added
generated in the global information and communication technology (ICT) comes from the United
States and China (United Nations Conference on Trade and Development, 2019).

According to the World Bank, analysts project a significant increase of the digital economy’s
share in total GDP: by 2035, its volume will exceed USD 16 ftrillion (Digital McKinsey, 2017). To-
day, e-commerce is growing by up to 25% annually in developing countries, while no other sector
of the economy can get any near such rates (Government of the Republic of Kazakhstan, 2017).

According to the number of studies of the digitalization level, the economy of Kazakhstan is
in its initial stage of development of the digital economy. Kazakhstan, due to its potential, has
identified priorities for the national development of digitalization. The adopted state program
«Digital Kazakhstan» notes the creation of the digital economy of the future in the long term in
two development vectors. First, «Digitalization of the existing economy,» consists of specific
projects in the real sector, projects on digitalization and technological re-equipment of existing
economy sectors and state structures. The next stage, «Creating the digital industry of the fu-
ture» is to ensure the country’s digital transformation by increasing the level of human capital
development, building institutions for innovative development and, in general, creating a digi-
tal ecosystem.
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The Digital Kazakhstan program plans to implement about 140 projects, of which 44 projects
will be implemented by the public sector, and 69 projects will be financed from the state budget
(Government of the Republic of Kazakhstan, 2017).

This Program has adopted the following five main directions:

1. «Digitalization of economic sectors»;

2. «Transition to a digital state»: transformation of the state’s functions to create a digital infra-
structure;

3. «Implementation of the Digital Silk Road»: development of high-speed and secure infrastruc-
ture for data transmission, storage and processing;

4. «Human capital development»: transformation to ensure the transition to new realities, the
knowledge economy;

5. «Creating an innovative ecosystem»: creating conditions for the development of technological
entrepreneurship and innovation (Government of the Republic of Kazakhstan, 2017).

Thus, the adopted state program «Digital Kazakhstan» shows that the issue of digitalization of
the Kazakhstan economy remains relevant, and, accordingly, state has developed policy measu-
res to create foundations of the digital economy as a new branch of the economy of the future.

A comparative analysis of Kazakhstan’s digitalization indices with other countries, calculated
on the basis of four indices (digital literacy of the population, ICT, digital business, digital state ser-
vices) shows that Kazakhstan is among those lagging behind along with Egypt, India and Asia-Pa-
cific countries (We Are Social and Hootsuite, 2017).

According to media reports, Kazakhstan has achieved certain positive results in digitaliza-
tion in a short period of time. In December 2019, the Prime Minister of Kazakhstan A. Mamin
at the plenary session of the conference «Digital Samruk» dedicated to digitalization of the Ka-
zakhstan economy, has noted the success in digitalization of the Kazakh economy for further
growth. According to A. Mamin, «The total economic effect of the Digital Kazakhstan Program for
2018 and 2019 has exceeded 1.568 billion US Dollars (average national currency exchange rates
against US Dollar for 2019 is 382.75 tenge). Significant progress has been made in the intro-
duction of digital technologies in public services, education, healthcare, financial, transport and
mining and metallurgical sectors, which allowed Kazakhstan to improve its position in the current
world rankings» (Prime Minister of the Republic of Kazakhstan Mamin, A.U., 2019; National Bank
of the Republic of Kazakhstan, 2020).

For example, in healthcare, the following digital solutions have accelerated: development of
services for electronic medical records, tracking patients and their health parameters, use of arti-
ficial intelligence for quick and accurate diagnostics, online health indicator review, teleconsulta-
tions, etc. At the same time, the coronavirus epidemic, which required the active use of digital ser-
vices in education, healthcare, and public administration, has revealed systemic shortcomings in
the implementation of digitalization in the country.

Thus, the analysis of the state program «Digital Kazakhstan» and the actual results of the use
of digital technologies in the conditions of COVID-2019 quarantine shows a number of systemic
shortcomings:

1. Development of the state budget for the «Digital Kazakhstan» program has not considered
the pressing issues of digital provision of the population and society with services, which was
manifested in the COVID-2019 quarantine conditions. The allocated funds of 368.4 million US
Dollars for the implementation of 17 targets were insufficient to fully cover all sectors of the
economy.

2. As the practice of forced transfer of many services to the population online in the context of the
coronavirus epidemic of 2019 has shown, many digital services could not fully meet the needs
of people due to software failures, poor connection, unpreparedness of servers for the large
volumes of requests, lack of digital services, etc.

3. It should be noted that digital platforms have not been properly developed in the country. There
is a lack of ICT security, poor development of digital business and limited digital services. For-
mation of a flexible digital infrastructure remains the first priority for the state and citizens.

4. The state program does not reflect the issues of safety, protection and confidentiality of perso-
nal data in databases; the interaction of state databases, the issues of their modernization into
a single whole for the citizen-consumer becomes relevant.

5. The sad 2019 experience of forced transfer to digital platforms of many types of economic acti-
vity has shown that while allocating large financial resources to the health and education sectors,
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the state has failed to ensure the quality of digitalization in these industries. And what can we

say about private business, which would have to survive in quarantine with limited resources?

They would solve a feasible task to save the business with minimal losses. Private companies

will resort to digitalization only when it is economically profitable for them.

Implementation of the state policy for the digital economy development is impossible without
a deep analysis and modeling of the development of complex indices that characterize the use
of digital technologies in the public sector, business and by citizens. The level of digital deve-
lopment in Kazakhstan should be characterized on the basis of the analysis of the following ag-
gregative indices:

1) digitalization of the public sector,

2) digital literacy of the population,

3) development and volume of digital business, and
4) provision of ICT.

The level of digital development of the public sector in developing countries is characterized by
the quantity and quality of public services provided by the state in various sectors, primarily bud-
getary areas, such as education and health. Although Kazakhstan took the 28th place in the UN
e-Government Development Index (EGDI) for 2019 (39 for 2018), the 2020 practice, as a result of
the mass forced use of digital platforms and technologies, has shown weakness and conditiona-
lity of the index assessment. The E-Government Development Index should reflect the state of de-
velopment of e-government of the state, characterize access to digital infrastructure, the level of
educational potential of the country in terms of the possibilities of using digital technologies, their
development and implementation.

Digital (computer) literacy of the population. The results of various studies show that cur-
rently, digital knowledge and skills are becoming an urgent need for most citizens of the coun-
try; they are required for obtaining a working specialty in a digital format in order to be com-
petitive. Citizens do understand the need for digital transformation, and mastering digital and
computer knowledge.

Development of digital business and ICT. The ICT market is the basis for the successful deve-
lopment of the digital economy in any country. The largest component of the ICT sector is compu-
ter services, which account for 40% of all value added generated in the sector. The global compu-
ter services industry is dominated by the United States, which accounts for almost as much of the
value added generated by the industry as the next nine major economic powers combined (United
Nations Conference on Trade and Development, 2019).

According to Forrester Research, in the global IT market, consulting and various integration
services account for 19%, 23.3% for hardware, and 21% for software (the rest is telecommunica-
tion services and equipment, etc.) (Forrester Research, 2019).

To assess the level of digitalization in the country, we have systematized an overview of the dy-
namics of volumes in ICT, an analysis of the EGDI e-government development, the number of IT
companies by year, E-Gov (services rendered) and the level of computer literacy. We have sum-
marized the data obtained in Table 1.

According to the analysis, the ICT market in Kazakhstan is developing both one-sidedly and
poorly. Digital services, production of digital products and software are poorly developed in the
country. At the same time, it should be noted that the volume of services and production of ICT, the
number of IT companies expand from year to year, which is a positive trend. The level of computer
and digital literacy is increasing, and the availability of such competencies is becoming an ur-
gent need. Technical and hardware support is dominating on ICT market, it accounts for most of

Table 1:

Quantitative indicators of digitalization in the Republic of Kazakhstan (2013-2019)

Indicators - Years 2013 2014 2015 2016 2017 2018 2019
Population's computer literacy level, % 61.25 64.1 74.2 76.2 78.2 79.6 82.35
E-Government Development Index (EGDI) 37 28 31 33 32 39 28
E-Gov (services rendered), thousand 24000 34500 24500 26000 34000 27500 23500
Volume of ICT services, million US Dollars 5083.2 | 4634.7 | 3981.9 | 2760.1 3174.4 3245.7 3514.7
Number of IT companies 1075 11668 14849 15720 15288 13295 16863
IC production volume, billion US Dollars 12.6 8.7 7.2 4.8 5.7 6.2 6.3

Source: Compiled by the authors based on the sources (JSC «National Information and Communication
Holding» Zerde», 2019; United Nations Public Administration Network (UNPAN), 2020; International Data
Corporation, 2019; National Bank of the Republic of Kazakhstan, 2020)
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the market (78.7%) according to the report «Development of the ICT Industry in the Republic of
Kazakhstan by the End of 2019» by the «Zerde» National Infocommunication Holding» JSC.

Now, let us project the index indicators of the digital economy development (for calculation,
we chose the index-numerical literacy of the population) in Kazakhstan in the medium term un-
til 2022, using mathematical methods. To calculate dynamics indicators of the indicator develop-
ment on a constant basis, we compare each level of the series with the same basic level. Indica-
tors calculated this way are basic. To calculate dynamics indicators on a variable basis, we com-
pare each subsequent level of the series with the previous one. Dynamics indicators calculated
this way are chained. To calculate the dynamics indicators on a variable basis, we compare each
subsequent level of the series with the previous one. We also assess the dependence of indicators
using Spearman’s rank correlation method.

Regarding the literacy rate indicator, calculation of chain indicators of a series is presented
in Table 2. All other key indicators are calculated the same way.

In 2019, compared to 2018, literacy rate increased by 2.75, or 3.5%. The maximum increase
(of 10.1) isin 2015. The minimum increase (of 1.4) was in 2018. The rate of increase shows that the
trend of the series is growing, which indicates an acceleration in the increase in the literacy level.
Table 3 shows the basic indicators of the literacy level time series.

In 2019, compared to 2013, literacy rate increased by 21.1, or 34.5%. Calculation of the ave-
rage characteristics of the series. The average level of the y-series characterizes the typical value
of absolute levels.

The average level of an interval series is calculated using the following formula:

ne (1)

y :yzn.m

The average literacy rate from 2013 to 2019 was 73.7.
Average growth rate:

The average growth of the analyzed indicator for the entire period was 1.0506.
Average increase rate:

Tnp = Tp -1,
Tnp =1.0506 - 1 =0.0506.

Table 2:
Chain indicators of a series

Period | Literacy rate | Absolute growth | Increase rate, % | Growth rate, % | Absolute content of a 1% increase | Build-up rate, %
2013 61.25 - - 100 - 0
2014 64.1 2.85 4.65 104.65 0.6125 4.65
2015 74.2 10.1 15.76 115.76 0.641 16.49
2016 76.2 2 2.7 102.7 0.742 3.27
2017 78.2 2 2.62 102.62 0.762 3.27
2018 79.6 1.4 1.79 101.79 0.782 2.29
2019 82.35 2.75 3.45 103.45 0.796 4.49

Source: Compiled by the authors

Table 3:

Basic indicators of a series
Period Literacy rate Absolute growth Increase rate, % Growth rate, %
2013 61.25 - - 100
2014 64.1 2.85 4.65 104.65
2015 74.2 12.95 21.14 121.14
2016 76.2 14.95 24.41 124.41
2017 78.2 16.95 27.67 127.67
2018 79.6 18.35 29.96 129.96
2019 82.35 21.1 34.45 134.45

Source: Compiled by the authors
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On average, literacy rate would increase by 5.1% annually. The average absolute increase is a
generalized characteristic of individual absolute increases in a series.
The average absolute increase:

Yn~Y]

dy ==, 77 (4)
d—y: 82'35é61'25:3‘52~

Every year, literacy rate would increase by an average of 3.52.

Let us project for three steps forward, using the average growth rate indicator:

y(2020) = 82.35+1.0506 = 85.87,

y(2021) = 85.87+1.0506 = 89.39,

y(2022) =89.39+1.0506 = 92.91.

Using this methodology, we have built a model for forecasting the development of key indica-
tors of the digital economy of Kazakhstan (Figure 2).

Projection shows the greatest growth in digital literacy, positive trends in ICT and EGDI deve-
lopment, which create opportunities for the development of human capital and the formation of a
Kazakh society with the necessary digital competencies.

The study included an analysis of a representative survey of the population (according to inter-
national organizations) and an empirical statistical study of the information society development
factors (including an analysis of indicators of ICT use in the Republic of Kazakhstan), as well as the
results of recent studies on the role of ICT in economic development.

For a more accurate estimate, we used the exponential smoothing method. In it, the projection
estimate is more in line with the trends of recent years, which is its main advantage.

We used this method for short-term projection. It is based on the use of weighted average va-
lues of the studied indicators for a certain number of past periods. At the same time, the largest
weight coefficients are given to the latest data. In addition, we used the method of leading indica-
tors. These were values and their time series, which change in the same direction as the studied
indicator, but are ahead of it in time. Also, in the course of the study, we used a multivariate dis-
persion analysis to build a prediction estimate of the digital economy development in the medium
term until 2022.

Figure 2:
Projection of the digital economy indicator development in Kazakhstan
Source: Compiled by authors
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Since almost all indicators of the digital economy of Kazakhstan have Tkp< , we reject the hy-
pothesis that Spearman’s rank correlation coefficient is equal to 0. In other words, rank correlation
coefficient is statistically significant and the rank correlation between the scores on the tests per-
formed is significant as well.

Thus, the main index with the highest correlation ratio between coefficient rank correlation and
other indicators, like other correlation coefficients, assessed on a Chaddock scale are an indica-
tor of the computer literacy level, as well as in the first approximation to it, the indices of the provi-
sion of ICT and IT companies, which is reflected in Figure 3.

5. Conclusions

1. The study has confirmed that the effective digital economy development in Kazakhstan requires
an increase in the availability of ICT and digital business, which have a direct relationship with
the development of digital (computer) literacy and the EGDI development level.

2. Using economic and mathematical methods of these digitalization indices, we have empirical-
ly confirmed the positive relationship between the development of e-government and digital
economy.

3. The current Program «Digital Kazakhstan» needs to be adjusted taking into account the iden-
tified shortcomings and issues in the context of the coronavirus pandemic in 2020, simplified
approaches to the digitalization program to be avoided. The pandemic has clearly revealed the
lack of a full-fledged digital infrastructure (IT capacity, servers, online capabilities, etc.), which
shows its need to be built for the development of digitalization.

4. Kazakhstan’ education system should take into account current changes in the economic poli-
cy of national development. Extremely important is training of IT specialists, which requires the
state policy in both higher and secondary education, to take into account the employer needs,
to organize coordination between enterprises and universities in training IT experts, to develop
an effective model of cooperation in R&D between universities and employers.

Figure 3:
Predictive relationship of the main indicators of the digital economy development in Kazakhstan
Source: Compiled by authors
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