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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.
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Аннотация. Мақалада цифрландырудың Қазақстан экономикасының 
өсуіне әсері цифрлық экономиканың қалыптасуы жағдайында қарастырылады. 
Зерттеудің өзектілігі цифрлық технологиялардың өнімділікті арттырудағы, 
экономиканы құрылымдық жаңғыртудағы және бәсекеге қабілеттілікті 
күшейтудегі рөлін бағалау қажеттілігімен анықталады. Зерттеудің мақсаты – 
цифрландырудың экономикалық өсуге әсерін эконометрикалық әдістер мен 
сценарийлік талдау негізінде сандық бағалау. Зерттеудің әдіснамалық негізі 
эндогендік экономикалық өсу теориясына сүйенеді, онда технологиялық 
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прогресс ішкі фактор ретінде қарастырылады. Жұмыста регрессиялық талдау 
әдістері, оның ішінде OLS, бекітілген және кездейсоқ әсерлер модельдері, 
панельдік талдау және сценарийлік модельдеу қолданылды. Эмпирикалық 
база 2010–2025 жылдар аралығындағы Қазақстан деректеріне негізделген. 
Нәтижелер цифрландыру деңгейі мен экономикалық өсу қарқыны арасында 
статистикалық маңызды оң байланыс бар екенін көрсетеді. Цифрландыру 
экономикалық жүйеге кешенді әсер етеді: өнімділікті арттыру, транзакциялық 
шығындарды азайту және инновацияларды жеделдету арқылы. Сонымен 
қатар әсердің құрылымдық әркелкілігі анықталды: экономикалық өсімге 
ең үлкен үлесті АКТ секторы қосады, ал инфрақұрылымдық компоненттер 
қолдаушы рөл атқарады. Цифрландыру әсерінің сызықтық емес сипаты 
да анықталды, ол оның даму деңгейі артқан сайын күшейеді. Зерттеудің 
ғылыми жаңалығы цифрлық капиталды экономикалық өсу моделіне енгізуде 
және оның құрылымдық әрі сызықтық емес әсерлерін анықтауда көрінеді. 
Практикалық маңыздылығы нәтижелерді цифрлық саясатты жетілдіруде 
қолдану мүмкіндігімен сипатталады.

Түйін сөздер: цифрландыру, экономикалық өсу, цифрлық экономика, АКТ 
секторы, цифрлық капитал, эконометрикалық талдау, панельдік деректер, 
құрылымдық трансформация, Қазақстан
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Аннотация. В статье исследуется влияние цифровизации на экономи
ческий рост Казахстана в условиях формирования цифровой экономики. 
Актуальность исследования обусловлена необходимостью оценки роли 
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цифровых технологий как фактора повышения производительности, 
структурной модернизации и конкурентоспособности экономики. 
Целью работы является количественная оценка вклада цифровизации 
в экономический рост Казахстана с использованием эконометрических 
методов и сценарного анализа. Методологическая основа исследования 
базируется на теории эндогенного экономического роста, рассматривающей 
технологический прогресс как внутренний фактор развития. В работе 
применены методы регрессионного анализа, включая модели OLS, 
фиксированных и случайных эффектов, а также инструменты панельного 
анализа и сценарного моделирования. Эмпирическая база сформирована на 
основе данных Республики Казахстан за период 2010–2025 гг. Результаты 
исследования показывают наличие статистически значимой положительной 
зависимости между уровнем цифровизации и темпами экономического роста. 
Установлено, что цифровизация оказывает комплексное влияние на экономику 
через повышение производительности, снижение транзакционных издержек 
и ускорение инноваций. При этом выявлена структурная неоднородность: 
наибольший вклад в экономический рост вносит ИКТ-сектор, тогда как 
инфраструктурные компоненты выполняют поддерживающую роль. Также 
установлено, что влияние цифровизации носит нелинейный характер и 
усиливается по мере её развития, что подтверждается результатами сценарного 
анализа. Научная новизна исследования заключается в интеграции цифрового 
капитала в эконометрическую модель роста и выявлении структурных и 
нелинейных эффектов. Практическая значимость связана с возможностью 
использования результатов при разработке государственной политики в сфере 
цифровой трансформации.

Ключевые слова: цифровизация, экономический рост, цифровая 
экономика, ИКТ-сектор, цифровой капитал, эконометрический анализ, 
панельные данные, структурная трансформация, Казахстан

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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цифровых технологий как фактора повышения производительности, 
структурной модернизации и конкурентоспособности экономики. 
Целью работы является количественная оценка вклада цифровизации 
в экономический рост Казахстана с использованием эконометрических 
методов и сценарного анализа. Методологическая основа исследования 
базируется на теории эндогенного экономического роста, рассматривающей 
технологический прогресс как внутренний фактор развития. В работе 
применены методы регрессионного анализа, включая модели OLS, 
фиксированных и случайных эффектов, а также инструменты панельного 
анализа и сценарного моделирования. Эмпирическая база сформирована на 
основе данных Республики Казахстан за период 2010–2025 гг. Результаты 
исследования показывают наличие статистически значимой положительной 
зависимости между уровнем цифровизации и темпами экономического роста. 
Установлено, что цифровизация оказывает комплексное влияние на экономику 
через повышение производительности, снижение транзакционных издержек 
и ускорение инноваций. При этом выявлена структурная неоднородность: 
наибольший вклад в экономический рост вносит ИКТ-сектор, тогда как 
инфраструктурные компоненты выполняют поддерживающую роль. Также 
установлено, что влияние цифровизации носит нелинейный характер и 
усиливается по мере её развития, что подтверждается результатами сценарного 
анализа. Научная новизна исследования заключается в интеграции цифрового 
капитала в эконометрическую модель роста и выявлении структурных и 
нелинейных эффектов. Практическая значимость связана с возможностью 
использования результатов при разработке государственной политики в сфере 
цифровой трансформации.

Ключевые слова: цифровизация, экономический рост, цифровая 
экономика, ИКТ-сектор, цифровой капитал, эконометрический анализ, 
панельные данные, структурная трансформация, Казахстан

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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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:

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

where  reflects internet penetration,  captures the level of 
mobile connectivity, and  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:
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where  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:

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:

where  captures unobserved individual effects and  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:

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 



SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS                                                 2.2026

504

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 3.4 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 (%) 3.4 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
R² 0.79
Adjusted R² 0.75
F-statistic 12.6
Prob(F) 0.000

The coefficient for digitalization (β = 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 (R² = 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
R² 0.86
Adjusted R² 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**
R² 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%

The results 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.
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