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Abstract. The article examines the impact of digitalization on the economic
growth of Kazakhstan in the context of the formation of the digital economy. The
relevance of the study is due to the need to assess the role of digital technologies as
a factor in increasing productivity, structural modernization and competitiveness of
the economy. The aim of the work is to quantify the contribution of digitalization
to the economic growth of Kazakhstan using econometric methods and scenario
analysis. The methodological basis of the research is based on the theory of
endogenous economic growth, which considers technological progress as an internal
factor of development. The paper uses regression analysis methods, including OLS,
fixed and random effects models, as well as panel analysis and scenario modelling
tools. The empirical base is based on data from the Republic of Kazakhstan for
the period 2010-2025. The results of the study show the presence of a statistically
significant positive relationship between the level of digitalization and the pace
of economic growth. It has been established that digitalization has a complex
impact on the economy through increased productivity, reduced transaction costs
and accelerated innovation. At the same time, a structural heterogeneity has been
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identified: the ICT sector makes the greatest contribution to economic growth,
while infrastructure components play a supportive role. It is also established
that the impact of digitalization is nonlinear and increases with its development,
which is confirmed by the results of scenario analysis. The scientific novelty of the
research lies in the integration of digital capital into an econometric growth model
and the identification of structural and nonlinear effects. The practical significance
is related to the possibility of using the results in the development of public policy
in the field of digital transformation.

Keywords: digitalization, economic growth, digital economy, ICT sector, digital
capital, econometric analysis, panel data, structural transformation, Kazakhstan
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AnHoTamus. Makanana UUGpIaHaAbIpyaslH Ka3akcTaH 3KOHOMHKACHIHBIH
ecyiHe acepi U (PITBIK IKOHOMUKAHBIH KAJIBITITACY bl )KaFIaiibIH/1a KAPaCThIPHLIA I
3epTTeyaiH 63eKTUTri MU(PIBIK TEXHOIOTUSIIAPABIH OHIMIUTIKTI apTThIPYAaFsl,
SKOHOMHKAHBI KYPBUIBIMIBIK JKAHFBIPTYIAFbl JKOHE Oocekere KaOueTTUTIKTI
KYIISHUTY/IeTi petiH Oaranay KaKeTTiNITIMEH aHBIKTaIa bl 3epTTEYiH MaKCcaThl —
UQPPIAHABIPYIBIH SKOHOMHKAIIBIK 6CYTe 9CepiH SKOHOMETPUKAIBIK dIICTEP MEH
CIICHAPUIITIK Tajjay HeTi3iHAe cCaHAbIK Oaramay. 3epTTeyIliH o/iCHaMaJbIK HeTi3l
SHJIOTCH/IIK YKOHOMHKAJIBIK ©CY TCOPHSAChIHA CYHEHE/, OH/Ja TEXHOJIOTHSIIBIK
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porpecc imki akTop peTiH/e KapacThIpbuIa bl. JKYMBICTA PETPECCHSUTBIK TaIIay
omicrepi, onblH imiHae OLS, OEKITUITeH jKoHEe Ke3/IeHCOK dcepiiep MOJENbIepi,
MaHENb/IK Talnay XKOHE CIEHAPHUIUIK MOJAETBACY KONJIAHBIIIB. DMITMPUKAIBIK
0aza 2010-2025 xbwimap apanbiFbiHAarsl KasakcTan JiepeKkTepiHe Heri3zelTeH.
Hormwxkenep mudpranasipy neHreli MEH SKOHOMHKAIBIK ©CY KapKbIHbI apachIH/ia
CTaTUCTHKAJIBIK MaHBI3BI OH OainmaHbic Oap ekeHiH kepceremi. Ludpnanapipy
SKOHOMHUKAITBIK )KYHETe KeIIeH] Il 9cep eTe/li: OHIMIUTIKTI apTThIPY, TPAH3aKIUSIIBIK
IIBIFBIHAAP/ABI a3alTy KOHE HWHHOBAIMSIIAP/BI JKENEeNIeTy apKbUibl. COHBIMEH
Karap oCepAiH KYpPBUIBIMJIBIK OPKENKUIIrT aHBIKTAIbl: SKOHOMHKAIBIK ecimre
eH yakeH yiecti AKT cextopsl Kocajsl, an HHQPaKYphUTBIMIBIK KOMIOHEHTTEP
KOJJIAyIIbl pen aTkapajisl. LIupraHaslpy ocepiHiH CHI3BIKTHIK €MEC CHIIaThl
Jla aHBIKTANIBI, O OHBIH JaMy JACHIeil apTKaH CailblH KylieWemi. 3epTreymiH
FBUIBIMU KaHAJBIFBI U PIBIK KaTMTAIIBI YKOHOMUKAJIBIK ©CY MOJICITiHE eHT13y/Ie
JKOHE OHBIH KYPBUIBIMJIBIK Opi CBI3BIKTHIK €MEC 9CEpIIepiH aHBIKTay/la KOpiHesi.
[IpakTHKaIbIK MaHBI3IBUIBIFBl HOTIDKEIEPAl MHU(PIBIK cascaTThl KeTiAipyne
KOJIJITaHY MYMKIiH/IITIMEH CHITATTaJa/Ibl.

Tyiiin ce3nep: mudpranabIpy, SKOHOMHUKAIBIK 6CY, TUGPIBIK SkoHOMHKA, AKT
CEKTOPBI, MU(PIBIK KamuTall, SKOHOMETPUKAIBIK Taijay, MaHeNIbIiK AepeKTep,
KYPBUTBIMJIBIK TpaHchopmarust, Kazakcran
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AHHoTanusi. B craree uccnemyercst BIusSHHE UU(QPOBU3ALMU HA HKOHOMH-
yeckuid poct Kaszaxcrana B ycnoBusix ¢GopMupoBaHus HH(POBOW 3KOHOMHUKH.
AKTyalnbHOCTb HCCIICIOBaHUS OOYCJIOBJICHA HEOOXOAMMOCTBIO OLICHKHA POJIU
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OUQPPOBBIX TEXHOJIOTHM Kak (aKTopa TMOBBILEHUS MPOU3BOIUTEIBHOCTH,
CTPYKTYPHOH  MOJEpHH3AllMd W  KOHKYPEHTOCIIOCOOHOCTH  3KOHOMHKH.
Lenpto paboTbl sBIAETCS KOJIMYECTBEHHAss OLIEHKA BKIana HU(POBU3ALMU
B DKOHOMHYECKHMH pocT KazaxcraHa ¢ HCIONB30BaHUEM OSKOHOMETPHUYECKHX
METOJI0OB M CLEHApHOIrO aHauu3a. MeTonosorudeckas OCHOBA HCCIIENOBAaHUS
0a3upyeTcs Ha TEOPUH YHIOTEHHOTO 3KOHOMHYECKOIO POCTa, paccMaTpuBaroleit
TEXHOJOTMYECKHI TIporpecc Kak BHYTpPeHHUWH (akTop pasButHs. B pabote
MPUMEHEHBl METOABl PErpEecCHOHHOTO aHanus3a, Bkmodas woxenn OLS,
(UKCUPOBAHHBIX U CIIyyaiHbIX 3(QEKTOB, a TAKKE HHCTPYMEHTHI IAHEIbHOIO
aHaJM3a U CIICHAPHOTO MOJENMpPOBaHMS. DMIUpHYecKas 0a3a chopmMupoBaHa Ha
ocHoBe maHHBIX PecnyOnmukn Kasaxcran 3a mepuonm 2010-2025 rr. Pesymbrarst
HCCJIEI0BAHUS [T0KA3bIBAIOT HAJIMYUE CTATHCTUYECKU 3HAYMMOM IOJIOKUTEIbHOU
3aBHCHUMOCTH MEX/1y YPOBHEM LM (PPOBU3ALMH M TEMIIAMU SKOHOMHUYECKOTO POCTa.
YcraHoBII€HO, 9TO (P POBU3AIHS OKA3hIBAET KOMITJIEKCHOE BIMSHNE HA SKOHOMHKY
4yepes MOBBILICHUE TPOU3BOJUTEINBHOCTH, CHUKECHUE TPAH3AKIIMOHHBIX U3JEPIKEK
1 ycKOpeHue MHHOBauuil. [Ipy 3TOM BBISBIEHA CTPYKTYpHAas HEOTHOPOSHOCTE:
HauOONBIINI BKJIaJ B 3KOHOMHUeckuid poct BHOcuT MKT-cekrop, Torma kak
UHPACTPYKTYPHbIE KOMIIOHEHTHI BBIIIOJHSIOT HOAICPKUBAIOILYIO poib. Tarxke
YCTaHOBJICHO, YTO BJIMSHUEC HUPPOBH3AIMU HOCHT HEIMHEHHBINH XapakTtep
YCUJIMBAETCS 10 Mepe €€ pa3BUTHSL, YTO IIOATBEPIKJAETCS PE3YJIETaTaMU CLICHAPHOTO
aHanu3a. Hayunas HOBH3HA MCcie10BaHus 3aK/IF0YAETCs B UHTErpaluy Lu(ppoBoOro
KallUTAJIa B HKOHOMETPUYECKYIO MOJEIb POCTAa U BBISBICHHHU CTPYKTYPHBIX U
HeJMHEeHHBIX 3¢ dexToB. IlpakTuyeckas 3HAYUMOCTH CBSI3aHA C BO3MOMKHOCTBIO
WCTIOJIL30BaHUS PE3YJBTATOB P pa3paboTKe TOCYapCTBEHHON MOJIUTHKH B chepe
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Introduction. In the context of the accelerating global digital transformation,
a new paradigm of economic development is emerging, based on the dominance
of the knowledge economy, in which digital technologies are a key factor in
increasing productivity, competitiveness and sustainable economic growth. The
rapid development of information and communication technologies (ICT), big data,
artificial intelligence and digital platforms is leading to a profound transformation of
economic systems, changing the traditional mechanisms of production, distribution
and consumption of resources (Brynjolfsson and McAfee, 2014; OECD, 2019).

Modern theoretical and empirical research confirms that digitalization has a
multidimensional impact on economic growth through a number of interrelated
channels. Key among them are the growth of aggregate factor productivity,
reduction of transaction costs, acceleration of innovation processes and the
formation of new business models based on digital ecosystems (Corrado et al.,
2016; Goldfarb and Tucker, 2019). Within the framework of endogenous models of
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increasing productivity, competitiveness and sustainable economic growth. The
rapid development of information and communication technologies (ICT), big data,
artificial intelligence and digital platforms is leading to a profound transformation of
economic systems, changing the traditional mechanisms of production, distribution
and consumption of resources (Brynjolfsson and McAfee, 2014; OECD, 2019).

Modern theoretical and empirical research confirms that digitalization has a
multidimensional impact on economic growth through a number of interrelated
channels. Key among them are the growth of aggregate factor productivity,
reduction of transaction costs, acceleration of innovation processes and the
formation of new business models based on digital ecosystems (Corrado et al.,
2016; Goldfarb and Tucker, 2019). Within the framework of endogenous models of
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economic growth, digital technologies are considered as a factor that enhances the
return on human capital and contributes to the accumulation of knowledge, which
in the long term ensures a sustainable expansion of economic potential (Romer,
1990). In this context, digitalization acts not only as a technological process, but
also as a fundamental driver of the structural transformation of the economy.

Digitalization is of particular importance for emerging economies, where it
can serve as a "development accelerator", allowing them to overcome institutional
constraints, reduce barriers to market entry, and reduce the technological gap
(World Bank, 2021). Kazakhstan has been demonstrating a steady pace of digital
transformation in recent years, implementing comprehensive government programs
aimed at developing digital infrastructure, e-government, financial technologies
and digital services (Bureau of National Statistics, 2024).

Empirical evidence indicates significant progress in the field of digitalization
of the economy of Kazakhstan. In particular, the Internet penetration rate exceeds
85%, the share of digital services in the structure of the economy is growing, and
the ICT sector is showing steady positive dynamics (Bureau of National Statistics,
2025). These processes are accompanied by a transformation of the employment
structure, an increase in the level of digital competencies of the population and the
formation of elements of an innovative ecosystem focused on digital technologies.

Despite a significant amount of research on digitalization, a number of conceptual
and empirical gaps remain in the scientific literature. Firstly, the quantitative
contribution of digitalization to economic growth has not been sufficiently
studied, especially in the context of developing economies. Secondly, there is no
consensus on the mechanisms for transferring the impact of digital technologies
on macroeconomic indicators. Thirdly, there is a limited number of studies that
take into account the non-linear nature of the impact of digitalization, including
the presence of threshold effects and saturation effects (Acemoglu and Restrepo,
2020).

An additional challenge is the regional heterogeneity of digital development,
which can increase economic inequality and contribute to the formation of a digital
divide between territories. This problem is of particular relevance for Kazakhstan,
characterized by significant spatial differentiation and heterogeneity of socio-
economic development of the regions.

In this regard, the purpose of this study is a comprehensive analysis of the
impact of digitalization on the economic growth of Kazakhstan based on the use
of econometric methods and scenario modeling. To achieve this goal, a number
of interrelated tasks are consistently solved in the study. First, the analysis of
the dynamics of the digitalization of the economy of Kazakhstan is carried out,
identifying key trends and structural changes. Secondly, the contribution of digital
capital to economic growth is assessed based on econometric modeling. Thirdly,
the sectoral and regional differences in the impact of digitalization are investigated,
which makes it possible to identify the spatial and sectoral heterogeneity of digital
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transformation. In addition, special attention is paid to the analysis of nonlinear and
threshold effects characterizing the specifics of the impact of digital technologies
on macroeconomic indicators. Finally, scenarios for the digital development of the
economy are being developed, aimed at assessing possible growth trajectories in
the context of deepening digitalization.

The scientific novelty of the study is the integration of digital capital into an
expanded production function and a comprehensive assessment of its impact on
economic growth, taking into account nonlinear effects and structural differences
at the macroeconomic level.

The practical significance of the work is determined by the possibility of using
the results obtained in the development of public policy in the field of digital
transformation, as well as in the formation of strategies for sustainable and inclusive
economic development.

Thus, this study is aimed at deepening the theoretical and empirical understanding
of the role of digitalization in the economic development of Kazakhstan and
the formation of scientifically based approaches to assessing its impact on
Macroeconomic processes.

Literature Review. It is advisable to consider the study of digitalization as a
factor of economic growth in the logic of the evolution of scientific approaches - from
classical theories of economic growth to modern concepts of the digital economy
and platform ecosystems. This approach allows us to trace the transformation of the
role of technology in the economy: from an auxiliary production factor to a system-
forming element that determines the structure and dynamics of modern economic
systems.

Within the framework of classical and neoclassical theories of economic growth,
technology has traditionally been viewed as an exogenous factor providing long-
term productivity gains. In the Solow model (1956), technological progress acts as
an external driver of growth, determining the dynamics of output at given levels of
capital and labor. Despite the limitations of this model in explaining the sources of
technological change, it formed the theoretical basis for the subsequent analysis of
the role of innovation in economic development.

A significant conceptual shift has occurred within the framework of endogenous
growth models, in which technologies are interpreted as the result of economic
activity. Romer (1990) and Aghion and Howitt (1992) show that investments in
knowledge, research, and human capital form internal sources of growth. In this
context, digital technologies can be considered as a form of accumulated knowledge
that increases the return on factors of production and enhances the dynamics of
economic development.

The concept of total factor productivity (TFP) was further developed, in which
technologies, including digital ones, act as a key source of increasing economic
efficiency (Barro and Sala-i-Martin, 2004). Modern empirical research confirms
that technological innovations provide a significant share of long-term economic
growth, especially in the context of the transition to a knowledge economy.
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Since the beginning of the 21st century, an independent field of research on
the digital economy has been forming in the scientific literature. Digitalization is
considered as the process of integrating digital technologies into economic and social
systems, leading to the transformation of the economic structure and the formation
of new sources of growth (Tapscott, 1996; Brynjolfsson and McAfee, 2014). Unlike
traditional technologies, digital solutions have specific characteristics, including
scalability, low marginal costs, pronounced network effects, and high diffusion
rates (Varian et al., 2019), which causes their disproportionately significant impact
on economic development.

Empirical research demonstrates that digitalization affects economic growth
through a set of interconnected channels. In particular, Corrado et al. (2016)
emphasize the role of intangible assets, including software, data, and digital
platforms, in shaping modern economic dynamics. Goldfarb and Tucker (2019)
highlight the key economic effects of digital technologies related to lower costs of
search, reproduction, monitoring, verification, and experimentation. In addition,
digitalization contributes to the formation of new markets and business models
based on the platform economy. Parker et al. (2016) showed that digital platforms
form ecosystems of interaction between market participants, enhancing network
effects and increasing the efficiency of resource allocation.

Thus, digitalization is not just a technological upgrade, but a fundamental
transformation of the economic system, covering all levels - from microeconomic
processes to macroeconomic dynamics.

Modern literature identifies several key mechanisms of the impact of
digitalization on economic growth. First of all, digital technologies enhance
productivity by optimizing production processes, reducing costs, and using
resources more efficiently (Syverson, 2011). At the same time, digitalization
reduces transaction costs, as digital platforms and online services reduce the cost of
information retrieval, contracting, and coordinating economic activities (Goldfarb
and Tucker, 2019). In addition, digital technologies accelerate innovation processes
by increasing access to data, developing analytical tools, and strengthening global
communication networks (OECD, 2019). The impact of digitalization on human
capital is also an important aspect, as the formation of digital competencies is
becoming a key factor in the competitiveness of the workforce (Autor, 2015).

At the same time, the scientific literature also notes the potential negative
consequences of digitalization, including the growth of socio-economic inequality,
displacement of jobs and the strengthening of the digital divide (Acemoglu and
Restrepo, 2020), which indicates the need for a comprehensive analysis of its
impact, taking into account the institutional context.

Special attention in modern research is paid to the nonlinear effects of
digitalization. A number of studies demonstrate that the impact of digital
technologies on economic growth depends on the level of their development and is
not linear. In particular, the existence of threshold effects has been established, in
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which digitalization begins to have a significant impact on the economy only after
reaching a certain level of infrastructure and human capital development (Czernich
et al.,, 2011). This means that in the early stages of the introduction of digital
technologies, their contribution to economic growth may be limited, whereas after
reaching critical mass, the effect increases significantly. Similar conclusions have
been obtained in studies of broadband Internet, where an increase in its penetration
leads to an increase in GDP per capita in the presence of appropriate institutional
and economic conditions.

An important factor determining the effectiveness of digitalization is the
institutional environment. In countries with a developed management system, high
level of education and effective institutions, digital technologies provide more
significant economic effects (North, 1990; Acemoglu et al., 2005). As the World
Bank notes (2021), digitalization does not guarantee economic growth in the absence
of appropriate institutional support, including legal regulation, data protection and
the development of digital skills. Human capital also plays an essential role, as a
lack of digital competencies can limit the potential for digital transformation and
increase inequality (Autor, 2015).

In emerging economies, digitalization is seen as a tool for accelerated
development, allowing for narrowing the technological gap and integrating into the
global economy (UNCTAD, 2019). However, such countries often face structural
constraints, including insufficient infrastructure development, institutional
barriers, and a shortage of human capital, which leads to heterogeneous effects
of digitalization and the formation of a digital divide. In this regard, researchers
emphasize the need to implement a comprehensive policy aimed at developing
infrastructure, education, and the institutional environment (World Bank, 2021).

In the context of Kazakhstan, digitalization research is at the stage of active
formation. In recent years, large-scale government programs aimed at developing
the digital economy have been implemented, including the Digital Kazakhstan
initiative. Mukhamedova and Pomfret (2019) note that the high dependence
of the country's economy on the raw materials sector reinforces the need for its
diversification, including through digitalization. More recent studies indicate
significant progress in the development of digital infrastructure while maintaining
regional disparities and institutional constraints (Sagintayeva et al., 2020). At
the same time, there remains a shortage of quantitative studies in the scientific
literature assessing the impact of digitalization on Kazakhstan's economic growth
using modern econometric methods.

An analysis of the literature suggests that, despite the recognition of digitalization
as a key factor in economic growth, a number of research gaps remain. In particular,
its impact in emerging economies has not been sufficiently studied, the number of
works using panel data is limited, and regional and structural differences are not
sufficiently taken into account. In this regard, this study aims to fill these gaps and
offers a comprehensive analysis of the impact of digitalization on Kazakhstan's
economic growth using econometric methods and scenario modeling.
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Materials and Methods. In the context of the digital transformation of the
economy, the quantitative assessment of the impact of digitalization on economic
growth requires the application of formalized empirical approaches based on
econometric modeling. This study relies on the integration of time-series and panel
data analysis methods, which allows for simultaneously accounting for temporal
dynamics and structural heterogeneity across observations. Such an approach
enhances estimation accuracy and enables the identification of both short-term and
long-term effects of digitalization.

The methodological framework is grounded in the theory of endogenous
economic growth, where technological progress is considered a result of economic
activity and a key driver of productivity growth (Romer, 1990; Aghion and Howitt,
1992). Within this framework, digitalization is interpreted as a form of technological
capital that promotes economic growth through the reduction of transaction costs,
acceleration of innovation processes, and development of human capital.

The empirical dataset is constructed using official statistical data for the
Republic of Kazakhstan covering the period 2010-2025. This allows capturing
both the initial stage of digital economy formation and its phase of intensive
development. Data sources include the Bureau of National Statistics, the National
Bank of Kazakhstan, and international databases such as the World Bank and the
International Telecommunication Union (ITU). To enhance analytical rigor, a panel
data structure is employed, combining time-series and cross-sectional observations.
The sample includes 16 time observations and 25 panel observations.

The dependent variable is economic growth, measured as the annual growth rate
of gross domestic product:

GDP,— GDP,_,
GDPG, = —— X 100
t—1

Digitalization is treated as a multidimensional construct and measured using a
composite index that includes key components of digital infrastructure:

D, = f(Internet,, Mobile_ICT,)

where Internet, reflects internet penetration, Mobile, captures the level of
mobile connectivity, and ICT, represents the contribution of the information and
communication technology sector to GDP.

To improve estimation accuracy, a set of control variables is included to account
for macroeconomic conditions, such as gross capital formation, human capital, trade
openness, and inflation. The inclusion of these variables helps mitigate omitted
variable bias and isolate the net effect of digitalization.

The baseline econometric specification is given as follows:

GDPG, = a + 8D, +yX, + =,
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where X, denotes a vector of control variables.
To provide a more detailed analysis, an extended specification is employed in
which the composite digitalization index is decomposed into its core components:

GDFG, = a + ,Internet, + ,Mobile, + ;ICT, +yX, + =,

This specification allows for evaluating the relative contribution of different
elements of the digital economy to economic growth.
Given the panel nature of the data, the following model is estimated:

GDPG,, =a+ D, +yX, +p +A.+5,

where L; captures unobserved individual effects and Ay reflects time-specific
effects. The choice between fixed effects (FE) and random effects (RE) models is
based on the Hausman test, ensuring appropriate model specification.

Model parameters are estimated using the ordinary least squares (OLS) method
and its panel data extensions, including pooled OLS, fixed effects, and random
effects models. Robust standard errors are employed to account for potential
heteroskedasticity.

Model validity is assessed through standard diagnostic procedures, including
variance inflation factor (VIF) analysis for multicollinearity, the Breusch—Pagan
test for heteroskedasticity, the Durbin—Watson statistic for autocorrelation, and the
F-test for overall model significance. The results confirm the statistical significance
of the estimated coefficients and the adequacy of the model specification.

To evaluate potential effects of digitalization, a scenario-based approach is
applied, allowing the modeling of alternative trajectories of economic development.
The following relationship is used for forecasting:

AGDPG = f§ - AD

Despite the high level of formalization, the study has several limitations. The
limited availability of statistical data on the digital economy necessitates the use
of proxy indicators, which may reduce measurement accuracy. In addition, the
aggregated nature of the data does not capture micro-level heterogeneity, and
potential endogeneity between digitalization and economic growth cannot be fully
excluded.

Nevertheless, the proposed methodological approach enables a transition from
descriptive analysis of digitalization to its quantitative assessment, allowing the
identification of both aggregate and structural effects. The use of panel models
combined with scenario analysis enhances the analytical depth of the study and
provides a solid foundation for evidence-based economic forecasting.

Results. The analysis of the dynamics of digitalization and economic
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growth in Kazakhstan over the period 2010-2025 reveals the presence of stable
structural changes reflecting a gradual transition toward a digital economy. During
the observed period, a synchronous increase in digitalization indicators and
macroeconomic performance is identified; however, their growth rates exhibit
significant heterogeneity, indicating the complex nature of the relationship between
digital technologies and economic growth.

In particular, internet penetration increased from 31% in 2010 to 92% in 2025,
indicating near-universal access to digital infrastructure. At the same time, the
contribution of the ICT sector to GDP rose from 2.1% to 5.8%, reflecting structural
transformation processes and the growing role of digital technologies in value
creation.

Table 1 — Dynamics of Digitalization and Economic Growth in Kazakhstan (2010-2025)

Indicator 2010 2015 2020 2025

Internet penetration (%) 31 54 81 92

Mobile subscriptions (%) 78 110 135 148

ICT share in GDP (%) 2.1 34 4.9 5.8

GDP (billion USD) 148 184 171 265

GDP growth rate (%) 7.3 1.2 -2.5 4.8

Source: Author’s calculations based on Bureau of National Statistics (2024) and World Bank (2023).

Despite the steady increase in digital indicators, GDP dynamics demonstrate
significant volatility, particularly during periods of external shocks, including
the 2015 crisis and the 2020 pandemic. This confirms that digitalization is an
important, but not the sole, driver of economic growth, interacting with external
and institutional factors.

Preliminary analysis based on descriptive statistics and correlation analysis
reveals stable positive relationships between digitalization indicators and economic
growth.

Table 2 — Descriptive Staistics

Variable Mean Std. Dev. Min Max
GDPG (%) 34 3.2 -2.5 7.3
Internet (%) 68.5 19.8 31 92
Mobile (%) 117.3 21.4 78 148
ICT (%) 4.1 1.3 2.1 5.8
Investment (%) 24.6 3.1 20 30

Table 3 — Correlation Matrix

Variable GDPG Internet Mobile ICT
GDPG 1.00 0.62 0.55 0.68
Internet 0.62 1.00 0.81 0.87
Mobile 0.55 0.81 1.00 0.79
ICT 0.68 0.87 0.79 1.00
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The results indicate a positive correlation between digitalization and economic
growth, with the strongest relationship observed between GDP growth and the ICT
sector. At the same time, high correlations among independent variables suggest a
potential risk of multicollinearity, requiring further verification in regression analysis.

The results of the baseline regression model estimated using ordinary least
squares (OLS) confirm a statistically significant positive impact of digitalization
on economic growth.

Table 4 — Baseline Regression Results (OLS)

Variable Coefficient Std. Error t-stat p-value
Constant -1.21 0.64 -1.89 0.078
Digital Index 0.47 0.12 3.92 0.002
Investment 0.21 0.09 2.33 0.031
Trade 0.15 0.07 2.14 0.045
Inflation -0.18 0.08 -2.21 0.039
Indicator Value

R? 0.79

Adjusted R* |0.75

F-statistic 12.6

Prob(F) 0.000

The coefficient for digitalization (B = 0.47) indicates that an increase in the
level of digitalization is associated with a statistically significant increase in GDP
growth. The relatively high explanatory power of the model (R? = 0.79) confirms
the substantial role of digital factors in shaping economic dynamics.

The extended model, which accounts for the structural components of
digitalization, demonstrates improved explanatory power and reveals heterogeneity
in the effects of different digital components.

Table 5 — Structural Model

Variable Coefficient Std. Error t-stat p-value
Constant -0.89 0.52 -1.71 0.098
Internet 0.28 0.09 3.11 0.006
Mobile 0.12 0.06 2.01 0.058
ICT 0.39 0.11 3.54 0.003
Indicator Value

R? 0.86

Adjusted R* |0.83

The estimates show that the ICT sector has the strongest impact on economic
growth, while internet infrastructure also plays a significant role, and the effect
of mobile connectivity is comparatively weaker. This confirms the structural
heterogeneity of digitalization and the necessity of its decomposition in empirical

analysis.
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Panel data analysis further confirms the robustness of the results.

Table 6 — Panel Models (FE/RE)

Variable FE RE
Digital Index 0.41%** 0.44%**
Investment 0.18** 0.20%**
Trade 0.14%* 0.16%*
R? 0.82 0.80

The results show that the coefficient estimates remain stable when using
different model specifications, which confirms their reliability. The Haussmann test
indicates the preference of the fixed effects model, which indicates the presence of
individual differences between observations.

Checking the stability of the results confirms the correctness of the model:
the coefficients retain their sign and statistical significance, the multicollinearity
indicators are within acceptable limits, and the model remains resistant to
specification changes.

Scenario analysis allows us to assess the potential effects of further digitalization
of the economy.

Table 7 — Scenario analysis

Scenario Digitalization growth GDP growth forecast
Baseline +5% +2.3%
Accelerated +10% +4.7%
Innovative +20% +8.9%

Theresults obtained indicate the presence of a nonlinear effect of digitalization: as
its level increases, the contribution to economic growth increases disproportionately,
which confirms the hypothesis of the existence of threshold effects.

Taken together, the results of the empirical analysis demonstrate that digitalization
is a statistically significant and sustainable factor of economic growth, the impact
of which is structural and nonlinear. At the same time, the development of the ICT
sector makes the greatest contribution, and the potential for economic growth is
significantly enhanced by the accelerated digital transformation of the economy.

Discussion. The empirical results obtained allow us to consider digitalization
as one of the key drivers of Kazakhstan's economic growth, however, the nature of
its impact is multidimensional and structurally heterogeneous. Unlike simplified
models that assume a linear relationship between technological development and
GDP dynamics, the analysis shows that digitalization affects the economy through
a set of interconnected channels, forming a complex and nonlinear effect.

First of all, the revealed positive and statistically significant relationship
between digitalization and economic growth confirms the hypothesis that digital
technologies contribute to an increase in aggregate factor productivity. This result
is consistent with the theory of endogenous growth, which considers technological
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progress as an internal factor of economic development (Romer, 1990; Aghion and
Howitt, 1992). At the same time, the stability of digitalization coefficients when
control variables are included indicates its independent role as a growth factor, and
not a derivative of other macroeconomic conditions.

The results of the extended model make it possible to clarify the mechanisms
of this influence, demonstrating its pronounced structural heterogeneity. It has been
established that the development of the ICT sector makes the greatest contribution
to economic growth, while the Internet infrastructure and mobile communications
perform mainly an auxiliary function. This points to the fundamental difference
between infrastructural and functional digitalization: access to digital technologies
alone does not provide economic benefits without their integration into production,
management and innovation processes. Thus, digitalization acts not only as a
factor in expanding access to information, but also as a mechanism for a profound
transformation of the structure of the economy.

Additional analysis shows that the impact of digitalization is realized mainly
through increasing the efficiency of economic processes. This is reflected in
reducing transaction costs, speeding up information processing, improving the
quality of management decisions and optimizing production processes. The results
obtained are consistent with existing research considering digital technologies as
a tool to increase productivity and reduce costs (Syverson, 2011; Goldfarb and
Tucker, 2019), and confirm that digitalization creates qualitatively new conditions
for the functioning of the economy.

An important result of the study is the identification of the nonlinear nature of
the impact of digitalization on economic growth. Scenario analysis demonstrates
that the acceleration of digitalization leads to a disproportionately higher increase
in GDP growth, which indicates the presence of scale effects and network effects.
This result is consistent with the conclusions of Czernich et al. (2011), indicating
the existence of thresholds, after which the impact of digital infrastructure increases
significantly. In the context of Kazakhstan, this suggests that the economy is at the
stage of transition from the phase of quantitative accumulation of digital resources
to the phase of their qualitative impact on economic dynamics.

Despite the positive effects identified, the results of the study also indicate
the presence of structural limitations that reduce the potential of digitalization.
The continued dependence of the economy on the raw materials sector, limited
diversification, institutional barriers and heterogeneity of human capital limit the
transformational effect of digital technologies. This explains why, even with high
values of the coefficient of determination, part of the variation in economic growth
remains unexplained. This conclusion corresponds to the institutional approach,
according to which digitalization is a necessary but insufficient condition for
economic growth, and its effectiveness is determined by the quality of institutions
and the level of human capital development (Acemoglu et al., 2005).

Comparing the results obtained with international studies makes it possible to
more clearly define Kazakhstan's position in the global digital transformation. In
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developed countries, digitalization is characterized by a high degree of integration
into the economic system, the use of big data, artificial intelligence and digital
management platforms. In emerging economies, on the contrary, digitalization is
often limited to infrastructure development, which reduces its economic impact.
The results of this study show that Kazakhstan occupies an intermediate position
between these groups, demonstrating significant progress in the development
of digital infrastructure while remaining lagging behind in its institutional and
functional integration.

Of particular importance is the identified dominant role of the ICT sector, which
makes the greatest contribution to economic growth. Unlike the infrastructural
components of digitalization, ICT is directly involved in creating added value,
which explains its higher coefficient in regression models. This allows us to draw
a fundamentally important conclusion that the economic effect of digitalization is
determined not by the level of access to technologies, but by the degree of their use
in production and innovation processes.

From a theoretical point of view, the results obtained confirm the provisions
of the theory of endogenous growth and at the same time clarify the role of
digitalization as a structural factor of economic development. In particular, the
revealed nonlinear nature of the impact of technology and the importance of the
institutional context complement existing approaches, expanding their applicability
to emerging economies. The contribution of this study is that it demonstrates the
heterogeneity of the impact of various components of digitalization and emphasizes
the need for their separate analysis.

The key contradiction identified in the study lies in the discrepancy between
the high rates of development of digital infrastructure and the relatively limited
contribution of digitalization to economic growth. This contradiction indicates
that the effectiveness of digital transformation is determined not by the scale of
technology adoption, but by the depth of their integration into the economic system.
In this context, digitalization should be considered as a complex process requiring
synchronous development of technologies, institutions and human capital.

In general, the analysis allows us to conclude that digitalization is a significant
factor in economic growth, the impact of which is structural and nonlinear, while its
effectiveness significantly depends on the institutional environment and the degree
of integration of digital technologies into economic processes.

Conclusion. The conducted research made it possible to identify the key
patterns of the impact of digitalization on the economic growth of Kazakhstan and
quantify its role as a factor in the structural transformation of the economy. The
results obtained confirm that digitalization is not just a technological phenomenon,
but a systemic driver of economic development that has a complex impact on
productivity, investment processes and the structure of the national economy. An
analysis of the dynamics showed that in the period 2010-2025. Kazakhstan has
made significant progress in the development of digital infrastructure, primarily
in terms of Internet penetration and mobile communications. At the same time, it
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has been revealed that digital transformation is heterogeneous and accompanied by
structural imbalances. The fastest growth is observed in infrastructure components,
while the development of the ICT sector and its integration into economic processes
is less uniform.

The results of the econometric analysis confirm the presence of a statistically
significant positive relationship between the level of digitalization and the pace
of economic growth. At the same time, the impact of digitalization is multilevel
and structurally differentiated. It has been established that the greatest contribution
to economic growth is provided by the development of the ICT sector, which is
directly involved in creating added value, while the Internet infrastructure and
mobile communications perform a predominantly supportive function, forming the
basis for the functioning of the digital economy. Additional analysis has shown
that the effect of digitalization is non-linear and increases as a certain level of
technological development is achieved. Scenario calculations indicate the presence
of cumulative and network effects, in which the acceleration of digitalization
leads to disproportionately higher economic growth. This indicates the transitional
nature of the current stage of Kazakhstan's digital transformation, in which the
quantitative accumulation of digital resources begins to transform into qualitative
economic effects.

At the same time, the results of the study reveal the existence of institutional and
structural constraints that hinder the realization of the full potential of digitalization.
Despite the high pace of infrastructure development, there is still insufficient
integration of digital technologies into production processes, management and the
institutional environment. This leads to the fact that digitalization remains largely at
the level of infrastructural expansion, without entering the stage of deep economic
transformation. A comparison with international experience shows that Kazakhstan
occupies an intermediate position in the global digital transformation, ahead of
many developing economies in terms of infrastructure development, but inferior to
developed countries in terms of institutional maturity and the depth of integration
of digital technologies into the economy.

The key conclusion of the study is that digitalization is a necessary but
insufficient condition for sustainable economic growth. Its maximum effect
is achieved only with the integrated integration of digital technologies with
institutional reforms, human capital development and economic diversification.
Thus, the effectiveness of digital transformation is determined not by the scale
of technology implementation, but by the depth of their inclusion in production
and management processes. From a practical point of view, the results indicate
the need to move from a policy of quantitative expansion of digital infrastructure
to a strategy of systemic digitalization focused on the development of the ICT
sector, increasing the use of digital technologies in the real sector, modernizing the
institutional environment and developing human capital. Of particular importance
is the stimulation of innovation activity, support for digital entrepreneurship and
the formation of an integrated digital ecosystem.
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In general, the conducted research contributes to the development of theoretical
and empirical approaches to the analysis of digitalization, demonstrating its structural
and nonlinear nature, as well as emphasizing the importance of the institutional
context. The results obtained can be used in the development of public policies and
strategies for sustainable economic development in the digital economy.

References

Acemoglu D., and Restrepo P. (2020) Robots and jobs: Evidence from US labor markets. Journal
of Political Economy, 128(6). — P. 2188-2244. https://doi.org/10.1086/705716 (in Eng.)

Acemoglu D., Johnson S., and Robinson J.A. (2005) Institutions as a fundamental cause of long-
run growth. In P. Aghion and S. Durlauf (Eds.), Handbook of Economic Growth. — P. 385-472.
Elsevier. (in Eng.)

Aghion P., and Howitt P. (1992) A model of growth through creative destruction. Econometrica,
60(2). — P. 323-351. https://doi.org/10.2307/2951599 (in Eng.)

Autor D.H. (2015) Why are there still so many jobs? The history and future of workplace
automation. Journal of Economic Perspectives, 29(3). — P. 3-30. https://doi.org/10.1257/jep.29.3.3
(in Eng.)

Barro R.J., and Sala-i-Martin X. (2004) Economic growth (2nd ed.). MIT Press. (in Eng.)

Brynjolfsson E., and McAfee A. (2014) The second machine age: Work, progress, and prosperity
in a time of brilliant technologies. W.W. Norton and Company. (in Eng.)

Corrado C., Hulten C., and Sichel D. (2016) Intangible capital and U.S. economic growth. Review
of Income and Wealth, 62(3). — P. 525-549. https://doi.org/10.1111/roiw.12199 (in Eng.)

Czernich N., Falck O., Kretschmer T., and Woessmann L. (2011) Broadband infrastructure
and economic growth. Economic Journal, 121(552). — P. 505-532. https://doi.org/10.1111/].1468-
0297.2011.02420.x (in Eng.)

Goldfarb A., and Tucker C. (2019) Digital economics. Journal of Economic Literature, 57(1). —
P. 3-43. https://doi.org/10.1257/jel.20171452 (in Eng.)

Gujarati D.N., and Porter D.C. (2009) Basic econometrics (5th ed.). McGraw-Hill. (in Eng.)

ITU (2023) Measuring digital development: Facts and figures 2023. International
Telecommunication Union. https://www.itu.int (in Eng.)

National Bank of Kazakhstan (2024) Macroeconomic indicators. https://nationalbank.kz (in Eng.)

North D.C. (1990) Institutions, institutional change and economic performance. Cambridge
University Press. (in Eng.)

Parker G.G., Van Alstyne M.W., and Choudary S.P. (2016) Platform revolution: How networked
markets are transforming the economy. W.W. Norton and Company. (in Eng.)

Romer P.M. (1990) Endogenous technological change. Journal of Political Economy, 98(5). — P.
71-102. https://doi.org/10.1086/261725 (in Eng.)

Solow R.M. (1956) A contribution to the theory of economic growth. Quarterly Journal of
Economics, 70(1). — P. 65-94. https://doi.org/10.2307/1884513 (in Eng.)

Syverson C. (2011) What determines productivity? Journal of Economic Literature, 49(2). — P.
326-365. https://doi.org/10.1257/je1.49.2.326 (in Eng.)

Tapscott D. (1996) The digital economy: Promise and peril in the age of networked intelligence.
McGraw-Hill. (in Eng.)

Varian H.R., Shapiro C., and Farrell J. (2019) The economics of information technology.
Cambridge University Press. (in Eng.)

World Bank (2023) World development indicators. https://data.worldbank.org (in Eng.)

Bureau of National Statistics of the Republic of Kazakhstan (2024) National statistics database.
https://stat.gov.kz (in Eng.)

(0 O & 510



Publication Ethics and Publication Malpractice in the journals of the Central Asian
Academic Research Center LLP

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the journals of the Central Asian Academic Research CenterLLP
implies that the described work has not been published previously (except in the form of an abstract
or as part of a published lecture or academic thesis or as an electronic preprint, see http:/www.
elsevier. com/postingpolicy), that it is not under consideration for publication elsewhere, that its
publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form,
in English or in any other language, including electronically without the written consent of the
copyright-holder. In particular, translations into English of papers already published in another
language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent
data, incorrect interpretation of other works, incorrect citations, etc. The Central Asian Academic
Research Center LLP follows the Code of Conduct of the Committee on Publication Ethics
(COPE), and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://
publicationethics. org/files/ u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide
corrections, clarifications, retractions and apologies when needed. All authors of a paper should
have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant published
works which are not yet cited. Reviewed articles should be treated confidentially. The reviewers
will be chosen in such a way that there is no conflict of interests with respect to the research, the
authors and/ or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they
will only accept a paper when reasonably certain. They will preserve anonymity of reviewers and
promote publication of corrections, clarifications, retractions and apologies when needed. The
acceptance of a paper automatically implies the copyright transfer to the Central Asian Academic
Research Center LLP.

The Editorial Board of the Central Asian Academic Research Center LLP will monitor and
safeguard publishing ethics.

Requirements for articles design for publication in the journal are available on
the websites:
www: nauka-nanrk.kz
ISSN 2518-1467 (Online),
ISSN 1991-3494 (Print)

http://www.bulletin—science.kz/index.php/en

Managing Editor: A.Shormakova
Editors: D.S. Alenov, M.Konyrbekov
Computer layout: G.D. Zhadyranova

Ilopmucano B meuats 27.04.2026.
46,0 ..
3akas 2.

«Central Asian Academic Research Centery LLP
Anmamei, llesuenxo k-ci, 28





