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in the formation of aggregate factor productivity (TFP). The empirical base of 
the study was formed on the basis of panel data for 17 regions of Kazakhstan, 
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The results of the study show that Kazakhstan's industrial growth is gradually 
transforming from an extensive model based on capital growth to an intensive 
model focused on increasing efficiency. It has been established that digitalization 
has a statistically significant positive effect on TFP, while a nonlinear inverted-U 
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effect has been identified, indicating the presence of diminishing returns at later 
stages of technological development. Investment and structural diversification also 
contribute to productivity growth, but their impact is inferior to digital factors. The 
scientific novelty of the research lies in the empirical substantiation of the nonlinear 
relationship between digitalization and productivity in an emerging economy. The 
practical significance lies in the formation of recommendations for the development 
of industrial and innovation policies aimed at improving the efficiency of resource 
use, stimulating digital transformation and the development of the manufacturing 
sector.
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Аннотация. Жаһандық Технологиялық трансформация және әлемдік 
нарықтардағы бәсекелестіктің күшеюі жағдайында өнеркәсіптік дамудың 
тиімділігін арттыру факторларын талдау ерекше өзекті болып отыр. Осы 
зерттеу цифрландырудың, инвестициялардың және жиынтық факторлық 
өнімділікті (TFP) қалыптастырудағы құрылымдық өзгерістердің рөліне баса 
назар аудара отырып, 2000-2025 жылдардағы Қазақстан Республикасының 
өнеркәсіптік секторының трансформациясын бағалауға бағытталған. 
Зерттеудің эмпирикалық базасы Қазақстанның 17 өңірі бойынша панельдік 
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деректер негізінде қалыптастырылды, бұл дамудың кеңістіктік және 
уақытша гетерогенділігін ескеруге мүмкіндік берді. Әдістемелік негіз 
экономикалық өсудің ыдырау әдістері, сондай-ақ тұрақты әсерлері бар 
панельдік эконометрикалық модельдеу болып табылады. Тәуелді айнымалы 
ретінде TFP пайдаланылды, ал түсіндіруші факторлар цифрландыру 
деңгейі, негізгі капиталға инвестициялар және өнеркәсіптің құрылымдық 
сипаттамалары болды. Зерттеу нәтижелері Қазақстанның өнеркәсіптік 
өсуі капиталды ұлғайтуға негізделген экстенсивті модельден тиімділікті 
арттыруға бағдарланған қарқынды модельге біртіндеп өзгеретінін көрсетеді. 
Цифрландыру TFP-ге статистикалық маңызды оң әсер ететіні анықталды, бұл 
ретте технологиялық дамудың кейінгі кезеңдерінде қайтарымның азаюының 
бар екендігін көрсететін инвертед-U нысанында сызықтық емес әсер 
анықталды. Инвестициялар мен құрылымдық әртараптандыру өнімділіктің 
өсуіне ықпал етеді, бірақ олардың әсері цифрлық факторлардан төмен. 
Зерттеудің ғылыми жаңалығы дамып келе жатқан экономика жағдайында 
цифрландыру мен өнімділік арасындағы сызықтық емес тәуелділіктің 
эмпирикалық негіздемесінде жатыр. Практикалық маңыздылығы ресурстарды 
пайдалану тиімділігін арттыруға, цифрлық трансформацияны ынталандыруға 
және өңдеуші секторды дамытуға бағытталған өнеркәсіптік және иннова
циялық саясатты дамыту бойынша ұсынымдарды қалыптастырудан тұрады.

Түйін сөздер: өнеркәсіп секторы, цифрландыру, жиынтық факторлық 
өнімділік, экономикалық өсу, құрылымдық трансформация, панельдік 
деректер, инвестициялар, Қазақстан

© Байгелова А.Н.¹, Садыкова Ж.Е.², Епанчинцева С.Э.¹*, 2026.
¹Алматинский технологический университет, Алматы, Казахстан;

²Университет международного бизнеса имени Кенжегали Сагадиева, 
Алматы, Казахстан.

E-mail: kizza.08@mail.ru

ТРАНСФОРМАЦИЯ ЭКОНОМИКИ ПРОМЫШЛЕННОСТИ В 
КАЗАХСТАНЕ: СТРУКТУРНЫЕ СДВИГИ, ЦИФРОВИЗАЦИЯ И 

РОСТ ПРОИЗВОДИТЕЛЬНОСТИ

Байгелова Айгуль — кандидат экономических наук, доцент, Алматинский технологический 
университет, Алматы, Казахстан,
E-mail: ban.1964@mail.ru, ORCID: https://orcid.org/0000-0001-8226-789X;
Садыкова Жанар — кандидат экономических наук, доцент, Университет международного 
бизнеса имени Кенжегали Сагадиева, Алматы, Казахстан,
E-mail: sadganna@mail.ru, ORCID: https://orcid.org/0000-0003-4648-0612;
Епанчинцева Светлана — PhD, ассистент профессора, Алматинский технологический 
университет, Алматы, Казахстан,
E-mail: kizza.08@mail.ru, ORCID: https://orcid.org/0000-0002-9954-0458.

https://orcid.org/0000-0001-8226-789X
https://orcid.org/0000-0003-4648-0612
https://orcid.org/0000-0002-9954-0458


SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS                                                 2.2026

574

Аннотация. В условиях глобальной технологической трансформации 
и усиления конкуренции на мировых рынках особую актуальность 
приобретает анализ факторов повышения эффективности промышленного 
развития. Настоящее исследование направлено на оценку трансформации 
промышленного сектора Республики Казахстан в 2000–2025 гг. с акцентом на 
роль цифровизации, инвестиций и структурных изменений в формировании 
совокупной факторной производительности (TFP). Эмпирическая база 
исследования сформирована на основе панельных данных по 17 регионам 
Казахстана, что позволило учесть пространственную и временную 
неоднородность развития. Методологическую основу составляют методы 
декомпозиции экономического роста, а также панельное эконометрическое 
моделирование с фиксированными эффектами. В качестве зависимой 
переменной использовалась TFP, а в качестве объясняющих факторов - 
уровень цифровизации, инвестиции в основной капитал и структурные 
характеристики промышленности. Результаты исследования показывают, 
что промышленный рост Казахстана постепенно трансформируется от 
экстенсивной модели, основанной на наращивании капитала, к интенсивной 
модели, ориентированной на повышение эффективности. Установлено, 
что цифровизация оказывает статистически значимое положительное 
влияние на TFP, при этом выявлен нелинейный эффект в форме 
inverted-U, свидетельствующий о наличии убывающей отдачи на более 
поздних стадиях технологического развития. Инвестиции и структурная 
диверсификация также способствуют росту производительности, однако 
их влияние уступает цифровым факторам. Научная новизна исследования 
заключается в эмпирическом обосновании нелинейной зависимости между 
цифровизацией и производительностью в условиях формирующейся 
экономики. Практическая значимость состоит в формировании рекомендаций 
по развитию промышленной и инновационной политики, направленной 
на повышение эффективности использования ресурсов, стимулирование 
цифровой трансформации и развитие обрабатывающего сектора.

Ключевые слова: промышленный сектор, цифровизация, совокупная 
факторная производительность, экономический рост, структурная 
трансформация, панельные данные, инвестиции, Казахстан

Introduction. In modern conditions of global transformation of the world 
economy, industry continues to play a key role in ensuring sustainable economic 
growth, technological development and increasing the competitiveness of national 
economies. Despite the expansion of the service sector and the digital economy, 
it is industrial production that forms the basis for value creation, provides export 
potential and acts as the most important driver of structural modernization. Research 
shows that countries that have successfully implemented industrial policies show 
higher rates of economic growth and resilience to external shocks (Rodrik, 2016).

For countries with economies in transition, including Kazakhstan, the 
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development of the industrial sector is of strategic importance, as it allows 
to overcome dependence on raw materials, increase the level of economic 
diversification and ensure the formation of high-tech industries. Historically, 
Kazakhstan's economy has been characterized by a high share of the extractive 
industry, which has led to dependence on the global commodity markets. This 
model of development, although it provided a stable inflow of export earnings, 
at the same time limited the potential for technological progress and sustainable 
growth.

In this regard, one of the priorities of the state economic policy of Kazakhstan 
has become the development of the manufacturing industry and the formation 
of an industrial and innovative development model. The implementation of 
industrialization programs since the 2010s has been aimed at creating new 
production facilities, developing clusters, and increasing the technological 
complexity of products. However, despite the results achieved, the problem 
of structural transformation of industry remains relevant, as there remains an 
imbalance between the extractive and manufacturing sectors.

The current stage of industrial development is characterized by the transition 
to a new technological paradigm associated with the introduction of the concept 
of Industry 4.0. This concept involves the integration of digital technologies into 
production processes, including the use of artificial intelligence, the Internet of 
Things (IoT), big data and automated control systems (Schwab, 2016). As a result, 
so-called "smart industries" are being formed, capable of adapting to changing 
conditions and providing a higher level of efficiency.

The digitalization of industry has a complex impact on the economy, 
contributing to increased productivity, lower costs and improved product quality. 
According to research by Brynjolfsson and McAfee (2014), the introduction of 
digital technologies can significantly increase resource efficiency and accelerate 
innovation processes. At the same time, digital transformation requires not 
only technological investments, but also the development of human capital, the 
institutional environment and managerial competencies.

In the scientific literature, industry is considered as a key factor in the structural 
transformation of the economy, ensuring the redistribution of resources from 
low-productivity to more productive sectors (Acs et al., 2008). In particular, the 
development of the manufacturing industry contributes to employment growth, 
income growth and the formation of a stable economic structure. At the same time, 
a number of studies have noted that premature deindustrialization can limit the 
potential for economic growth, especially in emerging economies (Rodrik, 2016).

The problem of increasing the productivity of the industrial sector is of particular 
importance for Kazakhstan. Despite the growth in production volumes, the level of 
labor productivity in industry remains below the indicators of developed countries, 
which indicates the need to introduce modern technologies and increase resource 
efficiency. In this context, digitalization plays an important role, which makes it 
possible to optimize production processes and increase their effectiveness.
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An additional factor in the transformation of industry is globalization and 
integration into international value chains. In the context of increased competition 
in global markets, enterprises are faced with the need to improve product quality, 
reduce costs and introduce innovations. This requires a transition to more 
flexible and adaptive production management models based on the use of digital 
technologies and analytical tools. At the same time, the development of industry 
in Kazakhstan is accompanied by a number of systemic constraints, including 
insufficient technological development, limited access to finance, institutional 
barriers and regional imbalances. These factors constrain the pace of modernization 
of the industrial sector and require a comprehensive approach to overcome them.

Despite a significant amount of research on industrial development, the scientific 
literature remains insufficiently developed on issues related to a comprehensive 
assessment of the impact of structural changes and digitalization on the effectiveness 
of the industrial sector in Kazakhstan. In particular, there is no systematic analysis 
that takes into account the relationship between industry structure, productivity 
and digital transformations. Thus, the relevance of this study is due to the need for 
a comprehensive analysis of the transformation of the economy of Kazakhstan's 
industry in the context of structural changes and digitalization. Special attention 
is paid to identifying key trends in the development of the industrial sector, 
assessing its effectiveness and identifying factors influencing its transformation. 
The purpose of the study is to analyze the transformation of the industrial economy 
of Kazakhstan in the period 2000-2025, taking into account structural changes, 
productivity dynamics and the impact of digitalization.

Literary review. Modern research in the field of industrial economics 
demonstrates a steady interest in the issues of structural transformation, technological 
modernization and increasing the competitiveness of national economies. The 
industrial sector has traditionally been seen as a key driver of economic growth, 
providing added value, export development, and increased labor productivity. In 
classical and neoclassical theories of development, industry acts as a basic element 
of the transition from an agrarian to an industrial, and then a post-industrial model 
of the economy.

From the standpoint of the modern theory of economic growth, structural 
transformation is of particular importance. As noted by Dani Rodrik (2016), industry 
has historically played a leading role in accelerating productivity growth, but a 
number of developing countries are experiencing the phenomenon of premature 
deindustrialization. This means that the share of industry begins to decline before 
reaching a high level of income, which limits the potential for long-term growth. 
This conclusion is of fundamental importance for Kazakhstan, whose economy has 
been shaped for a long time by the extractive sector.

The development of industry is closely linked to the concept of economic 
restructuring. Justin Yifu Lin (2012) emphasizes that the transition to a more 
complex industry structure requires an active government policy aimed at supporting 
new industries, developing infrastructure, and stimulating investment. Within the 
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framework of this concept, industry is considered as the basis for the formation of 
technological potential and increasing competitiveness. An important place in the 
scientific literature is occupied by the analysis of industrial policy as an instrument 
of economic development. Aiginger and Rodrik (2020) consider modern industrial 
policy as a set of measures aimed at creating new technological opportunities, 
developing innovations and increasing the sustainability of the economy. Unlike 
traditional approaches, modern industrial policy is focused on digitalization, 
environmental transformation, and integration into global value chains.

Industrial policy issues are becoming particularly relevant for Kazakhstan. 
According to the World Bank (2025), the country's economy is showing steady 
growth, but remains highly dependent on the commodity sector. This makes it 
necessary to diversify the economy and develop the manufacturing industry. Similar 
conclusions are presented in the OECD studies (2022, 2023), which emphasize the 
need to increase productivity and technological complexity of industrial production.

In the domestic scientific literature, the issues of industrial development in 
Kazakhstan are considered mainly in the context of industrial and innovation policy. 
For example, research by K. Kulkayeva (Kulkayeva, 2023) shows that regional 
differences in the level of industrial development are due to the uneven distribution 
of resources and infrastructure. The author notes that increasing the efficiency of 
industry requires a more balanced regional policy and increased investment activity.

The work of Zhumagulov and co-authors (Zhumagulov et al., 2022) analyzes the 
financing structure of the industrial sector in Kazakhstan and identifies problems 
of insufficient resource efficiency. The authors emphasize the need to increase the 
transparency of financial flows and introduce modern cost management methods. 
These conclusions are consistent with the results of research by Shayakhmetova 
and co-authors (Shayakhmetova et al., 2021), which focuses on the institutional 
constraints of industrial development. Considerable attention in modern literature 
is paid to the digital transformation of industry. The concept of Industry 4.0, 
proposed by Klaus Schwab (2016), involves the integration of digital technologies 
into production processes, including the use of artificial intelligence, the Internet 
of things and big data. As a result, intelligent production systems are being formed 
that can adapt to changes in the external environment.

Research by Erik Brynjolfsson and Andrew McAfee (2014) shows that 
digitalization contributes to significant productivity growth, but its effectiveness 
depends on the institutional environment, the level of human capital and 
organizational changes. In industry, this is reflected in the need to integrate technology 
with management processes. In the context of Kazakhstan, the digitalization of 
industry is at the stage of active development. According to the UNDP (2022), 
digital transformation in Central Asian countries contributes to improving the 
efficiency of enterprises, but requires significant investments and human resource 
development. This is especially true for the industrial sector, where the introduction 
of digital technologies is associated with high costs and complexity of integration. 
An additional area of research is the analysis of industrial productivity. Beck et al. 



SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS                                                 2.2026

578

(2005) emphasize that the development of small and medium-sized businesses in 
industry contributes to employment growth and poverty reduction. In Kazakhstan, 
the role of SMEs in industry is gradually increasing, but their productivity remains 
lower compared to large enterprises.

The regional aspect of industrial development is also an important area of research. 
According to the theory of spatial economics by Paul Krugman (Fujita et al., 1999), 
the concentration of industry in certain regions is due to agglomeration effects, 
the availability of infrastructure and access to markets. In Kazakhstan, industry is 
concentrated mainly in certain regions, which increases territorial imbalances. In 
the works of Zamanbekov et al. (2020), it is noted that the regional differentiation 
of Kazakhstan's industry is associated with differences in investment attractiveness, 
infrastructure, and the level of human capital development. This requires the 
development of a regionally oriented industrial policy. In recent years, there has 
been an increasing interest in the issues of sustainable industrial development. 
Zarubina et al. (2024) emphasize that the integration of ESG principles into the 
industrial sector contributes to its long-term sustainability and competitiveness. 
This is especially important for Kazakhstan in the context of the global transition 
to a low-carbon economy.

Thus, the analysis of the scientific literature allows us to identify the key areas 
of industrial economics research:

– structural transformation and economic diversification;
– increasing the productivity of the industrial sector;
– Digitalization and implementation of Industry 4.0 technologies;
– development of innovation activity;
– Regional differentiation of industry;
– integration of the principles of sustainable development.
At the same time, there remains a scientific gap associated with the lack of 

comprehensive approaches to assessing the transformation of Kazakhstan's industry 
in the long term, taking into account digitalization and institutional factors. This 
determines the relevance of this research and its scientific novelty.

Materials and Methods. This study employs a comprehensive quantitative-
analytical approach to assess the transformation of Kazakhstan’s industrial sector 
over the period 2000–2025, based on the integration of econometric methods, 
productivity analysis, and structural analysis. The methodological framework 
combines classical economic growth models, tools for estimating total factor 
productivity (TFP), and panel data techniques, allowing for the consideration of 
both temporal dynamics and inter-industry and regional differences. This approach 
ensures a systematic analysis of the factors determining industrial development 
efficiency, including investment, employment, structural shifts, and the level of 
digitalization.

The empirical basis of the study consists of panel data on the industrial sector 
of the Republic of Kazakhstan for the period 2000–2025, covering macroeconomic 
indicators (output and value added), fixed capital investment, employment, wage 
fund, indicators of digitalization and innovation activity, as well as sectoral 
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(extractive and manufacturing industries) and regional dimensions (regions and 
major cities). The main data sources include the Bureau of National Statistics of 
the Republic of Kazakhstan, the Ministry of National Economy of the Republic of 
Kazakhstan, and international databases such as the World Bank and OECD. The 
panel dataset has the structure i = 1, …, N (regions or industries) and t = 2000, …, 
2025, ensuring sufficient depth for long-term trend analysis.

To evaluate the efficiency of the industrial sector, a modified Cobb–Douglas 
production function is used to identify the contribution of production factors to 
output formation:

where is output (or value added), is capital (investment and fixed assets), 
is labor (employment), is total factor productivity, and and are the 

elasticities of production factors. For empirical estimation, the model is transformed 
into a linear form by logarithmization:

which allows interpreting the coefficients as elasticities and applying linear 
regression methods.

Total factor productivity is calculated as the Solow residual, reflecting the 
influence of technological progress, institutional factors, and digitalization:

Additionally, TFP dynamics are analyzed through growth rates:

which enables the assessment of factor contributions to productivity changes 
over time.

To identify the drivers of industrial transformation, a panel econometric model 
with fixed effects is applied:

where denotes the level of digitalization, represents 
investment, captures structural characteristics of industry, are individual 
effects, and are time effects. The use of fixed effects allows controlling for time-
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invariant characteristics of regions and industries, thereby improving estimation 
accuracy.

Structural transformation is analyzed through the share of manufacturing 
industry:

as well as through the functional relationship describing the impact of structural 
shifts on productivity:

which makes it possible to assess the role of industrial diversification in 
enhancing efficiency.

Special attention is given to the impact of digitalization, which is incorporated 
into the model in the form of an index. To capture potential nonlinear effects, a 
quadratic specification is employed:

which allows identifying diminishing or increasing returns to digital technologies.
Model parameters are estimated using the ordinary least squares (OLS) method, 

as well as fixed-effects (FE) and random-effects (RE) models, with the choice 
between them based on the Hausman test. Additional diagnostics include tests for 
heteroskedasticity and autocorrelation, as well as multicollinearity checks using 
the variance inflation factor (VIF), ensuring the statistical validity of the results. 
Robustness checks are also conducted to enhance the reliability of the findings.

Despite the comprehensive nature of the methodology, the study has several 
limitations, including potential measurement errors in TFP estimation, limited 
availability of detailed sectoral data, differences in the quality of regional statistics, 
and the conditional nature of the digitalization index. Nevertheless, the applied 
methodological framework provides reliable estimates and allows identifying key 
patterns in the transformation of the industrial sector.

Thus, the proposed methodological approach ensures a comprehensive analysis 
of Kazakhstan’s industrial development, enabling the assessment of the impact of 
capital, labor, structural changes, and digitalization on sectoral efficiency. The use 
of TFP models and panel data forms a robust foundation for subsequent empirical 
analysis and the identification of key drivers of industrial transformation over the 
period 2000–2025.

Results. The results of the study make it possible to comprehensively assess 
the dynamics of the industrial sector of the Republic of Kazakhstan in 2000-2025, 
identify key structural shifts, and identify factors affecting the productivity and 
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efficiency of the industry. The analysis combines macroeconomic dynamics, total 
factor productivity (TFP) estimates, and econometric modeling results.

First of all, it should be noted the steady growth of industrial production in the 
period under study, accompanied by significant structural transformations. If in the 
early 2000s the industry of Kazakhstan was characterized by high dependence on 
the extractive sector, by 2025 there is a gradual strengthening of the role of the 
manufacturing industry.

Table 1 – Dynamics of industrial production in the Republic of Kazakhstan (2000-2025)
Indicator 2000 2005 2010 2015 2020 2025
Industrial output, bln KZT 2,600 5,900 11,800 18,400 27,500 39,200
Share of extractive industry, % 60.2 58.7 56.3 52.1 49.5 46.8
Share of manufacturing industry, % 34.5 36.1 38.9 42.3 44.7 47.5
Industrial production index, % 105.3 107.2 104.5 101.8 102.3 103.9
Note: compiled by the author based on data from the Bureau of National Statistics of the Republic 
of Kazakhstan.

As can be seen from the data presented, over the period 2000-2025, the volume 
of industrial production increased by more than 15 times. At the same time, there is 
a gradual decrease in the share of the extractive sector and a corresponding increase 
in the manufacturing industry. This trend indicates the implementation of the policy 
of industrial and innovative development and economic diversification.

However, despite the positive developments, the industrial structure remains 
largely resource-dependent, which limits the sustainability of economic growth in 
the long term.

Moving from the analysis of gross industrial growth indicators to the assessment 
of its qualitative characteristics, the next stage of the study was the decomposition 
of economic growth based on aggregate factor productivity (TFP). This approach 
allows us to identify not only the contribution of traditional factors — capital and 
labor — but also to assess the role of technological progress, institutional changes 
and resource efficiency.

Table 2 – TFP dynamics in the industrial sector of Kazakhstan
Period Output Growth, % Contribution of Capital, % Contribution of 

Labor, %
TFP, %

2000–2005 8.2 4.5 2.1 1.6
2005–2010 7.5 3.8 1.9 1.8
2010–2015 5.4 3.1 1.4 0.9
2015–2020 4.8 2.7 1.3 0.8
2020–2025 5.2 2.5 1.2 1.5

The presented results demonstrate that throughout the period under study, 
economic growth in Kazakhstan's industry was predominantly extensive. The 
contribution of capital consistently exceeds the contribution of labor and TFP, which 
indicates the dominance of the investment and resource model of development.
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The dynamics of the period 2010-2020 is particularly significant, when the 
contribution of aggregate factor productivity decreased to its minimum values (0.8–
0.9%). This indicates a slowdown in technological renewal and the limited effectiveness 
of the ongoing industrial and innovation policy in terms of increasing efficiency.

At the same time, in the period 2020-2025, TFP is recovering to the level of 1.5%, 
which is fundamentally important from the point of view of changing the growth 
model. This shift can be interpreted as a result of the accelerated digitalization of 
industry, the introduction of elements of Industry 4.0, as well as increased efficiency 
of production process management.

An additional aggregated analysis shows that there is a gradual shift towards 
TFP in the long-term structure of growth factors: if in 2000-2015 its contribution 
was about 30%, then in 2016-2025 it increased to 40%, reflecting the transition to 
a more intensive development model.

For a deeper quantitative interpretation of the identified trends, an econometric 
assessment of the factors influencing the dynamics of aggregate factor productivity 
was carried out. Unlike the previous stage, where TFP was the result of 
decomposition, at this stage it is considered as a dependent variable reflecting the 
effectiveness of industrial development.

The empirical assessment was performed on the basis of a panel model with 
fixed effects, taking into account regional and temporal heterogeneity of the data.

Table 3 – Panel regression results (FE model)
Variable Coefficient (β) Std. Error t-stat p-value
Constant 0.512 0.084 6.09 0.000
Digital 0.273 0.051 5.35 0.000
Digital² -0.089 0.027 -3.30 0.001
Invest 0.146 0.038 3.84 0.000
Struct 0.198 0.044 4.50 0.000

R² (within) = 0.72
F-statistic = 28.6 (p < 0.001)
N = 187
Fixed effects: regional and temporary
The results obtained indicate the high explanatory power of the model: the value 

of the coefficient of determination (R2 = 0.72) indicates that more than 70% of 
the variation in the total factor productivity is explained by the included variables. 
The statistical significance of the F-criterion confirms the overall adequacy of the 
specification.

The most significant factor determining the dynamics of TFP is the level of 
digitalization of the industry. A positive and statistically significant coefficient for 
the Digital variable (β = 0.273, p < 0.01) indicates that a 1% increase in digitalization 
leads to an increase in productivity of about 0.27%. This result empirically confirms 
the theoretical position of digital technologies as a key driver of modern industrial 
transformation.



ISSN 1991-3494                                                                                                               2.2026

583

However, the presence of a nonlinear effect deserves special attention: a negative 
coefficient for the digitalization square (β = -0.089, p < 0.01) indicates the effect of 
diminishing returns. This means that digitalization has a strong stimulating effect 
in the early stages, while its impact decreases in the later stages. Such dynamics 
may be caused by institutional constraints, insufficient qualifications of personnel, 
or inconsistency of organizational structures with the level of technological 
development. Investments in fixed assets also show a positive and statistically 
significant impact (β = 0.146), but their contribution is significantly lower than 
that of digitalization. This indicates the transformation of the growth model: from a 
quantitative increase in capital to an increase in the efficiency of its use.

The structural factor (Struct), reflecting the share of the manufacturing industry, 
has a significant positive impact (β = 0.198), which confirms the hypothesis that 
industrial diversification and the development of processing industries are the most 
important conditions for increasing productivity. A comparison of the results of 
TFP decomposition and regression analysis reveals an important pattern. The low 
values of TFP in 2010-2020 are explained by the weak intensity of digitalization 
and insufficient structural transformation of industry. In turn, the growth of TFP in 
2020-2025 directly correlates with the increase in digital factors, which is confirmed 
by the importance of the Digital variable in the model.

Thus, the econometric analysis not only confirms the descriptive conclusions, 
but also reveals the mechanisms of productivity formation. To ensure the reliability 
of the conclusions obtained, a series of stability tests of the model was carried out. 
Alternative specifications, including a model with random effects, as well as the 
use of lag variables, did not significantly change the estimates of the coefficients.

The Hausman test showed a statistically significant advantage of the fixed-
effects model (p < 0.01), which confirms the correctness of the chosen specification. 
Additionally, the tests performed indicate the absence of critical multicollinearity 
(VIF < 5), and the use of robust standard errors made it possible to eliminate 
possible heteroscedasticity. A logical continuation of the econometric analysis is a 
more detailed consideration of the dynamics of digitalization as a key factor in the 
growth of TFP.

Table 4 – Industry digitalization indicators
Indicator 2010 2015 2020 2025

Share of enterprises using ERP, % 12 25 41 63
Level of automation, % 18 30 47 68
Use of Big Data, % 5 12 28 52

These indicators demonstrate the exponential growth of the digital maturity of 
the industrial sector. The jump is especially noticeable in the period after 2015, 
which coincides with the implementation of government digitalization programs. 
The growth of digitalization has a multiplicative effect: it not only increases 
productivity, but also helps to optimize costs, improve product quality and strengthen 
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the competitiveness of enterprises. Thus, the results obtained allow us to formulate 
a number of key conclusions. First, Kazakhstan's industrial growth is gradually 
transforming from an extensive model to an intensive one based on TFP growth. 
Secondly, digitalization is a central factor in improving efficiency, outstripping 
traditional investment factors in importance. Thirdly, the structural diversification 
of industry enhances the positive effect of technological development.

At the same time, the revealed nonlinear effects of digitalization, as well as the 
continued dependence on capital-intensive industries, indicate the need for a deeper 
theoretical understanding of the results obtained. This leads to the transition to the 
next stage of the research - a discussion of the results in the context of modern 
scientific literature and international experience.

Discussion. The results obtained in the study require a deeper theoretical 
understanding in the context of modern economic literature devoted to the problems 
of technological development, structural transformation and endogenous economic 
growth. This section interprets the identified patterns from the perspective of key 
scientific approaches, as well as formulates practical conclusions for economic 
policy. The revealed positive and statistically significant relationship between 
digitalization and total factor productivity is fully consistent with the provisions 
of the theory of endogenous growth developed in the works of Philippe Aghion 
and his co-authors. Within the framework of this theory, technological progress 
is considered as a result of investment activity, innovation and accumulation of 
knowledge, and not as an exogenous factor.

The obtained coefficient for variable digitalization (β = 0.273) empirically 
confirms that digital technologies are a source of sustainable productivity growth, 
providing increased efficiency in the use of both capital and labor. This corresponds 
to the "knowledge-based economy" concept, where knowledge and technology 
become the key resource rather than physical capital. Moreover, the increase in the 
share of TFP in the structure of growth factors (up to 40% in 2016-2025) indicates 
the gradual transition of Kazakhstan's industry to an endogenous growth model. 
However, this transition remains incomplete, which is reflected in the continued 
dependence on investment as the main driver of growth.

The results of the study are also confirmed in empirical research conducted 
by the Organization for Economic Co-operation and Development, which notes 
that digitalization is a key driver of productivity growth in industry, especially 
in emerging economies. According to the OECD, countries that are actively 
implementing digital technologies (ERP, Big Data, automation) show higher 
growth rates of TFP compared to economies focused on extensive expansion of 
production. In this context, Kazakhstan demonstrates a typical trajectory of catch-
up development: the acceleration of TFP occurs with a lag in relation to developed 
countries.

From the perspective of the theory of entrepreneurial ecosystems presented 
in the works of Zoltan J. Acs, digitalization enhances the role of innovative 
entrepreneurship as an intermediary between technological progress and economic 
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growth. However, this mechanism is not yet fully operational in Kazakhstan, which 
limits the transformation of technological investments into sustainable productivity 
growth. Thus, unlike in developed countries, where digitalization is integrated into 
the innovation ecosystem, in Kazakhstan it is more fragmented, which reduces its 
effectiveness. One of the most significant results of the study is the identification of 
a non-linear relationship between digitalization and TFP, expressed as an inverted-U 
effect. The presence of a negative coefficient for the digitalization square indicates 
that the effect of digital technologies is not linearly increasing.

This pattern can be interpreted through several theoretical mechanisms.
Firstly, in the early stages of digitalization, there is a "quick return" effect 

associated with the introduction of basic automation and control technologies. This 
leads to a dramatic increase in productivity. Secondly, as digitalization deepens, a 
saturation effect occurs, when further investments in technology require significant 
organizational and institutional changes. In the absence of appropriate reforms, the 
benefits of digitalization begin to decline. Thirdly, the human capital factor plays 
an important role. Without a sufficient level of digital skills and competencies, the 
introduction of complex technologies does not lead to a proportional increase in 
efficiency, which is confirmed by Philippe Aghion's research on the role of human 
capital in innovative development.

Thus, the inverted-U effect reflects the transition from technological adoption to 
institutional adaptation, which is a critical stage for emerging economies. Despite 
the positive impact of digitalization and structural changes, the results of the study 
reveal a number of limitations characteristic of Kazakhstan's industrial development. 
Firstly, there remains a high dependence on the extractive sector, which reduces the 
overall level of technological intensity of the economy. Even with the growing 
share of the manufacturing industry, its contribution to TFP remains limited.

Secondly, there is an asymmetry in regional development, which is reflected in 
differences in the level of digitalization and production efficiency. This indicates 
the need for a differentiated regional policy. Thirdly, the institutional environment 
remains insufficiently adapted to digital transformation. Limited competition, 
weak integration of science and business, as well as insufficient development of 
innovation infrastructure reduce the effectiveness of technological investments.

The results obtained are important for the formation of an economic policy 
aimed at modernizing the industrial sector of Kazakhstan.

First, it is necessary to move from quantitative investment growth to stimulating 
its effectiveness. This involves the development of return-on-investment assessment 
mechanisms, including the introduction of TFP-oriented KPIs.

Secondly, digitalization should be considered not as an isolated process of 
technology introduction, but as a complex transformation, including:

• development of human capital (digital skills, STEM education), 
• Institutional reforms,
• Support for innovative entrepreneurship. 
Thirdly, given the inverted-U effect identified, digitalization policy should be 
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differentiated. In the early stages, the emphasis should be on mass adoption of 
basic technologies, while in the more mature stages it should be on increasing the 
efficiency of their use.

Fourthly, it is necessary to strengthen the structural policy aimed at the 
development of the manufacturing industry. This includes:

• Stimulating export-oriented industries, 
• Cluster development, 
• Support for high-tech industries. 
Finally, it is necessary to take into account regional differences, forming an 

adaptive industrial policy focused on local advantages and the level of infrastructure 
development.

Thus, the results of the study confirm the key provisions of the theory of 
endogenous growth and international empirical literature, while identifying the 
specific features of the transformation of the industrial sector in Kazakhstan. The 
central conclusion is that digitalization is the main driver of productivity growth, 
but its effect is non-linear and depends on the institutional environment.

This means that the further development of Kazakhstan's industry will be 
determined not so much by the scale of investments as by the economy's ability 
to effectively integrate technology, knowledge and innovation into production 
processes.

Conclusion. The present study was aimed at a comprehensive analysis of the 
transformation of the industrial sector of the Republic of Kazakhstan in 2000-2025 
with an emphasis on the assessment of aggregate factor productivity (TFP), the 
role of digitalization and structural changes. The use of growth decomposition 
methods, panel econometric analysis and a comparative approach made it possible 
to identify key patterns and mechanisms of industrial development in the context of 
the transition to the digital economy.

The results of the study show that Kazakhstan's industrial growth in the long 
term is characterized by a gradual transition from an extensive model based on 
capital accumulation to a more intensive model focused on increasing efficiency. 
Despite the continued importance of investments, their relative contribution to 
growth is decreasing, while the role of aggregate factor productivity is increasing.

Of particular importance is the revealed positive relationship between 
digitalization and TFP. Econometric analysis has confirmed that digital technologies 
are a key driver of productivity growth, providing a significant contribution to the 
efficiency of industrial production. At the same time, it was found that the impact 
of digitalization is nonlinear: at a certain stage, the effect of diminishing returns 
occurs, reflecting the need for institutional and organizational adaptation to new 
technologies.

Additionally, it has been established that the structural transformation of 
industry, expressed in an increase in the share of the manufacturing sector, has 
a significant positive impact on productivity. This confirms the hypothesis that 
economic diversification is an essential condition for sustainable development.
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From a scientific point of view, this study contributes to the development of the 
theory of endogenous growth in relation to emerging economies. In particular:

• the key role of digitalization as a factor of endogenous productivity growth has 
been empirically confirmed; 

• the nonlinear (inverted-U) effect of digitalization has been identified and 
quantified, which expands existing ideas about the limits of the effectiveness of 
technological development; 

 The relationship between the structural diversification of industry and the 
dynamics of TFP is substantiated, which complements the theoretical models of 
structural transformation. 

Thus, the study demonstrates that in conditions of catch-up development, 
digitalization not only accelerates growth, but also changes the very nature of 
economic dynamics.

The results obtained have important applied implications for the formation of 
industrial and innovation policy in Kazakhstan.

First, it is necessary to shift the focus from quantitative growth of investments 
to increasing their efficiency. This involves the development of mechanisms for 
evaluating the effectiveness of investments through performance indicators and 
TFP.

Secondly, digitalization should be considered as a systemic process that includes 
not only the introduction of technology, but also the development of human capital, 
institutional mechanisms and an innovation ecosystem. Without these elements, the 
effect of digital investments will be limited.

Thirdly, taking into account the revealed nonlinear effect of digitalization, 
government policy should be differentiated by stages of development. In the early 
stages, it is necessary to stimulate the widespread adoption of technologies, while 
in the more mature stages it is necessary to increase the efficiency of their use and 
integration into business processes.

Fourth, special attention should be paid to the development of the manufacturing 
industry as a key source of productivity growth. This requires the support of high-
tech industries, the development of cluster initiatives and the promotion of export 
orientation.

Finally, an important focus is to reduce regional disparities by developing 
adaptive policies that take into account differences in the level of digitalization, 
infrastructure, and human capital.

Despite the significant results obtained, the study has a number of limitations. 
In particular, the aggregated data used does not allow for full consideration of 
intra-industry heterogeneity and micro-level effects. In addition, the influence of 
institutional factors was taken into account indirectly.

In this regard, promising areas for further research are:
• the use of micro-level enterprise data for a more accurate assessment of the 

impact of digitalization; 
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• Application of Stochastic Frontier (SFA) and DEA methods for performance 
analysis; 

• research on the role of human capital and innovative ecosystems in shaping 
TFP; 

• Comparative analysis with other emerging economies. 
Thus, the transformation of Kazakhstan's industrial sector is determined by 

the transition to a growth model based on knowledge, technology and resource 
efficiency. The central factor in this process is digitalization, which, if there are 
appropriate institutional conditions, can ensure sustainable growth in productivity 
and competitiveness of the economy.

At the same time, further progress depends on the ability of the state and 
business to move from the simple introduction of technologies to their effective 
integration into the economic system, which requires comprehensive structural and 
institutional transformations.
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