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Abstract. In the context of global technological transformation and increased
competition in world markets, the analysis of factors for increasing the efficiency
of industrial development is particularly relevant. This study aims to assess the
transformation of the industrial sector of the Republic of Kazakhstan in 2000-2025,
with an emphasis on the role of digitalization, investment and structural changes
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,
which allowed us to take into account the spatial and temporal heterogeneity of
development. The methodological basis consists of methods of decomposition of
economic growth, as well as panel econometric modeling with fixed effects. TFP
was used as a dependent variable, and the level of digitalization, investments in fixed
assets, and structural characteristics of industry were used as explanatory factors.
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.

Keywords: industrial sector, digitalization, aggregate factor productivity,
economic growth, structural transformation, panel data, investments, Kazakhstan

For citations: Baigelova A.N., Sadykova Zh.Ye., Epanchintseva S.E. Industrial
economy transformation in Kazakhstan: structural shifts, digitalization and
productivity growth. Scientific journal of pedagogy and economics, 2026. — No.?2.
— P.571-589. DOI: https://doi.org/10.32014/2026.2518-1467.1175

© baiirenoBa A.H.', CagbikoBa ’K.E.2, Enanuunuena C.J.'*, 2026.
! AlIMaThl TEXHOJIOTHSUTBIK YHUBEpCUTET1, AiMatel, Kazakcras;
ZKemxeranu CaraaueB aTbIHIAFbl XaJIbIKApaIbIK OM3HEC YHUBEPCUTETI,
Ammatsr, Kazakcran.

E-mail: kizza.08@mail.ru

KASAKCTAHJAFBI OHEPKOCIII 9KOHOMUKACBIHBIH
TPAHC®OPMANUACHI: KYPBIJIBIMBIK O3I'EPICTEP,
HUDPTAHABIPY ) KOHE OHIMAIJIIKTIH OCYI1

BaiiresioBa AiiryJ1 — 5KOHOMHKa FHUIBIMAAPBIHBIH KaHANAATHI, JTOLEHT, AJIMaThl TEXHOIOTHSIIBIK
yHHBepcuTeTi, Anmarsl, KazakcTas,

E-mail: ban.1964@mail.ru, ORCID: https://orcid.org/0000-0001-8226-789X;

CaapikoBa 7KaHap — SKOHOMHKa FHUIBIMIAPBIHBIH KaHAWIAThl, goueHT, Kemkeramun Caranues
aTBIH/AFbl XaJbIKApaNbIK OM3HeC yHUBEpcHUTeTi, AnMarsl, Kasakcras,

E-mail: sadganna@mail.ru, ORCID: https://orcid.org/0000-0003-4648-0612;

EnanuyunueBa Cetnana — PhD, accucreHT mpodeccop, AIMaThl TEXHOJIOTHSIIBIK YHUBEPCHTET,
Anmarsl, Kazakcran,

E-mail: kizza.08@mail.ru, ORCID: https://orcid.org/0000-0002-9954-0458.

AnnHotanus. JKahangplk TexXHONOTHSIBIK TpaHCHOPMAIMS >KOHE OIEMIIK
HapBIKTapJarbl 09CEKENCCTIKTIH KYIICIl JKarJaiblHIa ©HEPKACINTIK JAaMy/IbIH
THIMAUTITIH apTThIpy (aKTOpJApbIH Tajjay epekiie ©3eKTi Oombim oTbIp. Ochl
3epTTey NH(PIaHIBIPYABIH, WHBECTHUISUIAPABIH JKOHE JKHUBIHTHIK (DaKTOPIBIK
eHiMIUTIKTI (TFP) KameimracTeIpyarbl KYPBUIBIMABIK ©3TepicTepIiH peiiHe Oaca
Hazap aymapa oteipbin, 2000-2025 sxeumpapnarsl Kazakcran PecnyOiaukachIHBIH
OHEPKACINTIK  CEKTOPHIHBIH TpaHcopMauusichlH = Oaranmayra OaFbITTalFaH.
3epTTeyaid aMnupuKaiIbiK 0a3ackl KazakctaHHbiH 17 eHipi OOMBIHINA MAHENbIIK
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JepeKTep Heri3iHAe KalubIITACTRIPBUIALL, OYJI JaMy[IblH KEHICTIKTIK JKoHE
yakpITIIA TEeTEPOTreHIUNIH ecKepyre MYMKiHAIK Oepai. ©OnicTeMenik Heri3
SKOHOMHUKAIIBIK OCYHIH BIIABIPAY ONICTEpi, COHIAl-aK TYpPaKThl acepiepi Oap
MaHENBIIK SKOHOMETPHKAIIBIK MOJIEIB/ICY OOJNBIN TaOblIaasl. Tayensi aifHbIMaIbl
perinne TFP maiimananeuinel, an TyciHmipymi QakTtopinap TupIaHIbIpy
JIeHreill, Heri3ri KamuTallFa WHBECTHUISIIAD KOHE OHEPKICINTIH KYPBUIBIMJIBIK
cunarramanapbl  Oonapl. 3eprrey HoTmxenepi KasakCTaHHBIH ©HEPKACINTIK
ecyl KamuTaiubl YJIFalTyFa HETI3JEeNTeH SKCTEHCHUBTI MOMAEIBACH THIMIIITIKTI
apTTBIpyFa OarmaplaHFaH KapKbIHIBI MOJIENbIe OIpTIHIET ©3repeTiHiH KOpCeTel.
Ludpnanapipy TFP-re cTraTrcTHKANBIK MaHBI3/IBI OH 9CEp €TETiHI aHBIKTAJIBI, OYJT
pETTe TeXHOJIOTHSUIIBIK TaMyIbIH KeHiHT1 Ke3eHAepiHIe KaiTapbIMHBIH a3al0bIHBIH
0ap exeHAiriH kepcereTiH uHBepTeA-U HBICAHBIHIA CBI3BIKTBIK €MEC acep
aHBIKTANBl. VHBECTHIMSIIAD MEH KYPBUIBIMIBIK dpTapanTaHAbIpy ©HIMAITIKTIH
ecyiHe BIKHAI eTemi, Oipak omapAbslH acepi HUQPIBIK (pakTopiIapJaH TOMEH.
3epTTeyniH FHUIBIMH >KaHAJIBIFBl JaMbIll KeJie JKaTKaH SKOHOMHKA JKarIaibIHIa
nupraHaAbBlpy MeH OHIMIUIIK apachlHAAFhl CBI3BIKTHIK €MeC TOYeNAUTIKTIH
AMITUPHUKAJIBIK HET13eMeCiHe )KaThIp. [[pakTHKaIBIK MaHBI3IBLIBIFBI PECYPCTAPIIBI
naiganaHy THIMIUTITIH apTTRIpYFa, TU(PIBIK TpaHCHOPMAITUSHBI BIHTAIAHABIPYFa
’KOHE OHJCYIIl CEKTOPAbl JaMBITYFa OarbITTalFaH ©HEPKACINTIK KOHE MHHOBA-
IUSITBIK CasCaTThl JaMBITY OOMBIHINA YCBIHBIMIAP/BI KB TACTHIPYIAH TYPAJIbL.
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AHHoTanus. B yclioBUsSX TO0ANBHONW TEXHOJOTHYECKOW TpaHchopMarun
W yCWICHHA KOHKYPEHLMH Ha MHPOBBIX pBIHKAX OCOOYI0 aKTyaJIbHOCTh
npuoOperaeT aHanu3 (QakTOpoB MOBBIIECHUS 3()(HEKTHUBHOCTH MPOMBIIIIICHHOTO
pasButus. Hacrosiiee uccienoBaHue HampaBi€HO Ha OLIEHKY TpaHc(opManuu
MPOMBIIUIEHHOTO cekTopa Pecryonuku Kazaxcran B 2000—2025 rr. ¢ akieHTOM Ha
poib 1M(POBU3ALMH, UHBECTULUI U CTPYKTYpHBIX U3MEHEHHH B ()OPMHUPOBAHUU
COBOKYyIHOH QakropHoii mnpousBomurensHoctd (TFP). Omnmpuueckas 06asza
uccnenoBanus c(hopMHpPOBaHa Ha OCHOBE IAaHENBHBIX AaHHBIX MO 17 permoHam
Kazaxctana, YTO TO3BOJIMJIO Y4YEeCTb IPOCTPAHCTBEHHYD M BPEMEHHYIO
HEOJHOPOAHOCTh PAa3BUTHSL. METOMOJIOTHYECKYI0 OCHOBY COCTABIIIOT METOIbI
JEKOMITO3MLIUN YKOHOMHYECKOTO POCTa, a TAKXKe MaHEeIbHOE 3KOHOMETPHUECKOE
MOJICTIpOBaHHE ¢ (QUKCHpoBaHHBIMH S dekTamu. B KkadecTBe 3aBHCHMON
nepeMeHHoi wucnonb3oBanack TFP, a B kauecTtBe 0OBACHSIOMUX (PAKTOPOB -
YpOBEeHb 1M(POBU3ALMH, MHBECTHLIMU B OCHOBHOM KalUTal U CTPYKTYpHBIE
XapaKTepUCTUKU TPOMBIIUIEHHOCTH. Pe3ynprarel HccienoBaHMs MOKa3bIBAIOT,
9YTO IPOMBIIUIEHHBIH pocT KaszaxcraHa mocTeneHHO TpaHCcHOpMHUPYETCsS OT
SKCTEHCUBHON MOJIENIM, OCHOBAaHHOW Ha HapalllUBAHWM KanuTajla, K MHTCHCUBHOU
MOZICTI, OPUEHTUPOBAHHOW Ha IMOBBILEHHE 3((PEKTUBHOCTH. YCTAaHOBIEHO,
910 IM(POBU3ANUSA OKAa3bIBAET CTATUCTHYECKH 3HAYMMOE TOJOKHUTEIHHOE
BiusHue Ha TFP, mpu 5ToM BBIsSBIEH HeIMHEHHBIM dpdekr B  opme
inverted-U, CBUAETETLCTBYIOMMA O HaJWYMHM YOBIBAIOIICH OTmaunm Ha Ooiee
MO3/IHUX CTaJAMAX TEXHOJOTWYECKOro pa3BUTHSA. VHBECTHIIMM U CTPYKTypHas
nuBepcU(UKAMA TakXKe CHOCOOCTBYIOT POCTY NPOU3BOOUTEIBHOCTH, OIHAKO
WX BIHMSHUE ycTymaeT nudpoBbiM (akTopam. HayuHas HOBMU3HA HCCIEIOBAHUS
3aKJII0YaeTcs B SMIMPHUECKOM OOOCHOBAaHMM HEIMHEHHOM 3aBUCHMOCTH MEXIY
nudpoBu3anuMel U MPOM3BOAUTENIPHOCTBIO B YCIOBHAX (opMmupymomencs
SKOHOMHUKH. [IpakTndeckas 3HaYMMOCTh COCTOUT B JOPMUPOBAHUH PEKOMEH AN
[0 PAa3BUTUIO TPOMBINUICHHOM W HHHOBALMOHHON IIOJIMTHKH, HAaIlpaBICHHON
Ha TIOBBIIICHUE 3()(EKTUBHOCTH HCIONB30BaHUS PECYpCOB, CTHMYIHPOBAHHE
uudpoBoii TpaHchopMaLUK U pa3BUTHE 00padaTHIBAIOIIETO CEKTOPA.

KuioueBble cJioBa: NMPOMBIIUIEHHBIA CEKTOp, HU(PPOBU3AINSA, COBOKYITHAs
(dakTopHas  MPOU3BOAMTENBHOCTh, OSKOHOMHYECKHMH  POCT,  CTPYKTypHas
TpaHchopmaLus, NaHeIbHbIE JaHHbIE, HHBeCcTHLMH, KazaxcTan

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

) B & 576

el = HC




ISSN 1991-3494 2.2026

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. Inindustry, thisisreflected 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.
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(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.

Theregional aspect of industrial developmentis 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 = I, ..., N (regions or industries) and ¢ = 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:

¥, = A, K"

[t -l T

where ¥,.is output (or value added), . is capital (investment and fixed assets),

L +is labor (employment), #;:is total factor productivity, and eand jare the
elasticities of production factors. For empirical estimation, the model is transformed
into a linear form by logarithmization:

InY,, =lnd,+enk, +Flnl +¢=,

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:

Ir

TFP, oy

Additionally, TFP dynamics are analyzed through growth rates:

Aln TFP=AIn ¥ — agAln K — fAln L

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:

TFP,. = B, + B, Digital _+ B.Imcest,, + B, Struct, +p,+ A, + 5,

where Digital, denotes the level of digitalization, Imwest,, represents
investment, 5irct,, captures structural characteristics of industry, it,are individual
effects, and A, 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:

Manufacturing,,

Struct,, =
. Industry,,

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

ATFP = f{AStruct, Digital, Invest)

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:

TFP, = f,+ B,Digital,, + B.Digital’, + &,

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, % 345 |36.1 |389 [423 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 | TFP, %
Labor, %

2000-2005 |8.2 4.5 2.1 1.6

2005-2010 | 7.5 3.8 1.9 1.8

20102015 |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 | Coeflicient () Std. Error t-stat p-value
Constant | 0.512 0.084 6.09 0.000
Digital 0.273 0.051 5.35 0.000
Digital> |-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

R? (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 (B =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.

o
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However, the presence of a nonlinear effect deserves special attention: a negative
coefficient for the digitalization square ( = -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 (B = 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 (f = 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 (B = 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
anon-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 anumber 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.

) B & 586

el = HC




ISSN 1991-3494 2.2026

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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