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Abstract. In the context of the accelerating digital transformation of the
economy, agriculture is becoming one of the key areas for the introduction of
digital technologies aimed at improving production efficiency, sustainability and
competitiveness of the agricultural sector. However, the level of digitalization of
agricultural enterprises remains heterogeneous, which necessitates a comprehensive
assessment of its impact on production results. The purpose of this study is to
evaluate the effectiveness of the digital transformation of agricultural enterprises
and to develop ways to improve it using the example of the Kostanay region of
the Republic of Kazakhstan. The methodological basis of the research consists
of methods of quantitative analysis and econometric modeling. The empirical
database includes data from the Bureau of National Statistics of the Republic of
Kazakhstan, the Ministry of Agriculture, as well as international organizations
for the period 2015-2025. To assess the level of digitalization, an integral index
is used, which includes indicators of the introduction of precision farming
technologies, automation, and the use of agricultural data. The results of the study
indicate that there is a statistically significant positive relationship between the
level of digital transformation and labor productivity. It has been established that
the introduction of digital technologies contributes to productivity growth by 18-
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27% and cost reduction by 12-15%. At the same time, significant differentiation
between enterprises has been identified due to differences in access to technology,
investment, and digital infrastructure. Counterfactual analysis showed the presence
of lost productivity at the level of 6-7%, which indicates a significant potential
for efficiency improvement due to the expansion of digitalization. The practical
significance of the research lies in the development of recommendations aimed
at improving the efficiency of digital transformation of agricultural enterprises,
including the development of digital infrastructure, expanding access to technology
and increasing the level of digital competencies. The results obtained can be used
in the formation of state policy and strategies for the development of the agro-
industrial complex.

Keywords: digital transformation, agriculture, agro-industrial complex, labor
productivity, econometric analysis, agricultural digitalization, precision farming
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AHHOTAUUs. DKOHOMHKAHBIH KEIENACTIINeH HUPPIBIK TPaHCPOPMALHACH
KaFaalblHAa aybUTIIAPYaIlbUIBIFEl OHIIPICTIH THIMALIITIH, arpapiblK CEeKTOPIBIH
OPHBIKTBUIBIFBI MEH Oocekere KaOieTTUIriH apTThIpyFa OaFbITTalnFaH HU(PIBIK
TEXHOJIOTHSJIAPIbl CHTI3YIIH HETI3Ti callajJapblHBIH OipiHe aliHamyma. Amaiina,
aybUILIAPYaIIbUIBIK ~ KOCIMOPBIHAAPBIH  LUQPIAaHABIPY JeHreili rereporeHni
Ooinbinn Kana Oepexi, OyJl OHBIH OHAIPICTIK HOTWKEJIEPre aCepiH KemleHnai Oara-
Jaynbl KaKeT ereli. byn 3epTTeydiH MakcaThl aybll MIapyallbUIbIFbl KOCIMOPBIH-
JapblHBIH ~ HUQPIABIK  TpaHC)OpMAaLUMSACHIHBIH, — THIMIUTCIH — Oaranay  KoHE
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Kazakcran PecmyOnukaceiablH Kocranaii  OOJBICBIHBIH — MBICANBIHIAA — OHBI
apTTHIpY OaFbITTapbIH d3ipyiey OOMbIN TaOdbuIaAbl. 3epTTEYAiH SAiCHAMAJIBIK HEri3i
CaHJIBIK TANJAy YKOHE DKOHOMETPHKAJBIK MOJACIBILY 9MicTepi OObIN TaObLIaIbI.
OmmmupuKkanblK 6aza Kazakcran PecryOnmkacsl ¥ITTHIK CTATHCTHKA OFOPOCHIHBIH,
aypl1 [IapyalIbUIBIFBl MUHUCTPIITIHIH, COHAAN-aK XaNbIKapalblK YHBIMIApABIH
2015-2025 xwimap Ke3eHiHAeri NepekTrepiH KaMTuabl. Lludpraannsipy neHrenin
Oaranay YIIiH 97 €TiHIILTIK, ABTOMAaTTaHABIPY KOHE arpoAepeKTep i naiaanany
TEXHOJOTHUSIIAPBIH €HTi3y KOPCETKIIUTEepiH KAMTHUTBIH WHTETPANIBIK HHICKC
nainananeuiagpl. 3epTTey HOTHKeNepi NUQPIBIK TpaHnchopMmanus AeHredi mMeH
EnOex eHIMIUIITI apachlHIa CTAaTHCTHKAIBIK MaHBI3Abl OH TOYCIAUTIKTIH OOJyBIH
kepcereni. LIudpaplk TeXHOTOTHSIIAPABI eHTi3y oHIMILTIKTIH 18-27%-Fa ecyine
JKoHE MIBIFBIHAAPABIH 12-15% - Fa TeMeHeyiHe BIKIAaN eTeTiHI aHBIKTaNIbl. byl
peTTe TEXHOIOTUsIIapFa, HHBECTHLUIIApFa sKoHE HU(PIIBIK HHPPAKYPHUIBIMFA KOJT
KETKI3yAeri allbIpMalIbUIBIKTapFa OaliIaHbICThl KACIOPBIHIAP apackIHAAFBI eNIeyIli
capaiay aHbIKTajbl. Kapesl hakrinik Tanmay 6-7% neHreiinme Ko )KeTKi3imMereH
OHIMIUTIKTIH 00Ty BIH KOpCEeTTi, Oy 1T pIaHAbIpyAbl KEHEUTY eceOiHeH THIMAITIKTI
apTTBHIPYBIH €IeyITi QJIeyeTiH KopceTedi. 3epTTeyaiH NPaKTUKAIBIK MaHBI3IBLIBIFBI
IUGPIBIK UHPPAKYPBUIBIMABI  AaMBITYJbI, TEXHOJOTHSUIAPFa KOJDKETIMAUTIKTI
KEHEHTY sKoHe HU(PIBIK KY3BIPETTUIIK JCHIeHiH apTThIPYAbl KOCa alfaH/a, aybul
HIapYaIIbUIBIFEl KOCIMOPBIHAAPEIH TUPPIBIK TpaHchopManusuiayaslH THIMAUTITIH
apTThIpyFa OarbITTaJIFAH YCBIHBIMIAP/bI d3ipjiey OONbIN TaObUIaabl. AJIBIHFAH
HOTIDKEJIEp MEMIICKETTIK CasCaTThl JKOHE arpOOHEPKOCINTIK KEIICHII JTaMBITy
CTpaTerHsUIapbIH KaJBITACTRIPY Ke3iHAe MaianaHbuTybl MYMKIiH.

Tyiiin ce3mep: 1mdpnasik TpaHchopmanusi, aybll MIapyallbUIBIFBI, arpo-
OHEPKACINTIK KeIlleH, €HOEK OHIMJAUIrl, SKOHOMETPHKANbIK Tamaay, AOK
UG pIaHabIPy, HAKThI ECHIITIK
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AnHotamusa. B ycrnoBusix yckopstomieiics mudpoBoi TpaHchopMarun
SKOHOMHUKH CEITECKOE X03AHCTBO CTAHOBUTCS OHOH M3 KITIOYEBBIX Chep BHEIPEHUS
IU(GPOBBIX TEXHOJOTUH, HANMpPABICHHBIX HA TMOBBIIMICHUE JPPEKTUBHOCTH
MIPOM3BOJICTBA, YCTOWYMBOCTH M KOHKYPEHTOCHOCOOHOCTH arpapHOro CeKTOopa.
OnHako  ypoBeHb LU(POBU3AINMUU  CEIbCKOXO3SIMCTBEHHBIX  MPEANPUATHI
oCTaéTcss HEOJHOPOAHBIM, YTO OOYCIIOBIMBAeT HEOOXOJUMOCTH KOMILIEKCHOM
OLIGHKH €€ BIUSHUS Ha NPOM3BOJACTBEHHBIE pe3ynbTarhl. Llenpio maHHOTO
WCCIIeIOBaHUs SBISIETCS OLEHKa 3(PQeKTUBHOCTH HU(POBOK TpaHCHOpMaUU
CEIBCKOXO3MCTBEHHBIX MPEATIPUATHN U pa3pabOTKa HANPaBICHUH €€ MOBBIICHUS
Ha npumepe Kocranaiickoi o6nactu Pecniy6onuku Kazaxcran. Merogonoruueckyro
OCHOBY WCCIIEIOBAaHHSI COCTABISIOT METOAbl KOJMYECTBEHHOTO aHalM3a |
SKOHOMETPHUYECKOTO MOJAETHPOBaHHUA. OMIHpHUecKas 0a3a BKIIOYAET JaHHBIE
bropo wammonanpHOU craructuku PecryOmuku Kazaxcran, MunmcrepcTBa
CEJILCKOTO XO3SIMCTBA, a TaKXKe MEKIYHApOMHBIX OpraHm3aiuil 3a mepuon 2015—
2025 rr. Jyisg OIECHKU YpOBHS IU(PPOBU3AIMUU UCIONB3YSTCS WHTETPATbHBIN
WHAEKC, BKIIOYAMOMIMN  TIOKa3aTeld BHEAPEHUS  TEXHOJOTHH  TOYHOTO
3eMJieienrsl, AaBTOMATH3allMd W HCIOJb30BAaHUS arpolaHHBIX. Pesynsrars
WCCIENIOBaHUSl  CBHJETENLCTBYIOT O HAlMYUM CTAaTUCTHYECKH 3HAYUMOUN
MOJIOKUTETFHON 3aBHCHUMOCTH MEXIY YpPOBHEM IM(POBOH TpaHChOpMaun
U TPOU3BOAMUTEILHOCTBIO TpyAd. YCTaHOBJIEHO, YTO BHEAPEHHE IU(PPOBBIX
TEXHOJIOTUH CITOCOOCTBYET POCTY IPOU3BOAUTENHHOCTH Ha 18—27% 1 CHMKXEHHUIO
nuznepkek Ha 12—-15%. Ilpu 3ToM BbIsSBIEHa CyliecTBeHHas auddepeHuuanys
MEXTy TPeANPUATHSIME, 00yCIOBICHHAS Pa3IUYUAMHA B TOCTYIE K TEXHOIOTHSM,
WHBECTUIUAIM 1 IHQPOBoii nHPpacTpyKType. KoHTpdakTriyeckuii aHaIn3 moxkasan
HaJIM4YUE HENOTOITYYEHHON TPON3BOIUTENBHOCTH Ha YPOBHE 6—7%, UTO yKa3bIBaeT
Ha 3HAYUTENHHBIN TTOTEHIHAJ MMOBBIIIEHHUS 3((EKTUBHOCTH 32 CUET PACIIUPEHUS
uudposuzaunu. [IpakTrdeckas 3HAYMMOCTh WCCIENOBAaHUS 3aKIIOYacTCS B
pa3paboTKe pEKOMEH[AIlMiA, HAIpaBICHHBIX Ha TMOBHIIIEHHE 3((HEKTHBHOCTH
mUQPpPOBOH  TpaHCHOPMAIMH CEITLCKOXO3IHCTBEHHBIX TPEANPUATHHA, BKIIOYAs
pasButue MUGPOBO HHPPACTPYKTYPHI, paCIIMPEHUE JOCTYINA K TEXHOJOTHAM H
MOBBIIIICHWE YPOBHA IU(PPOBBIX KOMITeTeHIMHA. [lomydeHHbIe pe3yabTaTsl MOTYT
OBITh HCIIOJIE30BaHbI TPH (DOPMUPOBAHUY TOCYAAPCTBCHHOMN MTOJIMTUKHU U CTPATETUI
Pa3BUTHS arpoMPOMBIIILUIEHHOTO KOMILIEKCA.

KiawueBbie ciaoBa: 1mdpoBas TpaHcopmanus, CeIbCKOE XO3SIHCTBO,
arpoNpPOMBIIUICHHBIA KOMIUIEKC, IIPOU3BOAUTEIHHOCTh TPY/a, SKOHOMETPUIECKUI
ananm3, mudposm3arus AIIK, Tounoe 3emenenme

Introduction. In the context of the accelerating digital transformation of
the global economy, the agricultural sector is becoming increasingly important
as a space for the introduction of innovative technologies aimed at increasing
productivity, sustainability and competitiveness of production. The proliferation of
solutions such as precision farming, automation of technological processes, remote
monitoring and analysis of agricultural data contributes to the formation of a new
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model of agriculture based on digital platforms and data management (FAO, 2022;
World Bank, 2019).

Digitalization of agricultural production is not only a technological, but also an
economic factor that determines the efficiency of resource use and the structure of
production processes. Within the framework of the theory of endogenous economic
growth, digital technologies are considered as a source of innovations that contribute
to the growth of aggregate factor productivity and accelerate economic development
(Romer, 1990; Aghion and Howitt, 1992). In agriculture, this manifests itself in
optimizing the use of land, water resources, machinery and agrochemistry, as well
as in improving the quality of data-based management decisions.

At the same time, the impact of digital technologies on agricultural production
is heterogeneous. Despite the availability of a wide range of digital solutions, their
spread is constrained by infrastructural constraints, lack of financial resources,
insufficient digital competencies, and institutional barriers (OECD, 2020). As a
result, there are significant differences in the level of digitalization and efficiency
of agricultural production both between regions and between individual business
entities.

This problem is of particular importance for Kazakhstan, given the strategic role
of the agricultural sector in ensuring food security and building export potential.
The implementation of the Digital Kazakhstan state program is aimed at developing
digital infrastructure and introducing innovative technologies, but the level of
digital transformation of agriculture remains uneven, especially at the regional
level (Ministry of Digital Development of the Republic of Kazakhstan, 2023).
Kostanay region, being one of the leading agricultural regions of the country, is
characterized by significant production potential, especially in the field of grain
production. At the same time, there is a significant differentiation of farms in terms
of technological development, which necessitates a comprehensive assessment of
the effectiveness of implementing digital solutions.

Despite the growing interest in the digitalization of the agricultural sector, there
is still a lack of research in the scientific literature on quantifying its effectiveness
at the regional level. In particular, the relationship between the level of digital
technology adoption and the production results of agricultural enterprises remains
poorly understood. In this regard, the purpose of this study is to evaluate the
effectiveness of the digital transformation of agricultural enterprises and to develop
ways to improve it using the example of the Kostanay region of the Republic of
Kazakhstan.

Literature review. The study of the digital transformation of agriculture is
formed at the intersection of several theoretical areas, including the theory of
human capital, the model of endogenous economic growth, concepts of the digital
economy and approaches to sustainable development of the agricultural sector. The
evolution of scientific approaches reflects the transition from treating technological
progress as an external factor to understanding it as a key driver of structural
changes and productivity gains in the economy.
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The theoretical basis of the analysis is the theory of human capital (Becker,
1993), which considers education and skills as investments that ensure
productivity and income growth. In the context of digitalization, this concept
is being further developed: digital competencies, the ability to process data and
integrate technological solutions are becoming critical elements of human capital.
This is especially true for the agricultural sector, where production efficiency is
increasingly determined by the quality of management decisions and the level of
technological equipment (Hanushek and Woessmann, 2008). Further development
of the theoretical framework is associated with models of endogenous economic
growth, in which technological innovations are considered as a result of investment
activity in knowledge and research (Romer, 1990; Aghion and Howitt, 1992). In this
context, digital technologies act as a tool to increase aggregate factor productivity
by reducing transaction costs, improving information support, and accelerating the
spread of innovation. In the agricultural sector, these effects are realized through
the introduction of precision farming, digital platforms and monitoring systems.

Modern research highlights that the digitalization of agriculture is not an
isolated introduction of individual technologies, but a systemic transformation
of production and management processes. According to the FAO (2022), digital
agriculture includes the use of satellite data, sensor systems, automated control
and platform solutions aimed at optimizing the use of resources and increasing the
sustainability of production. Similar findings are presented in World Bank research,
which notes that digital technologies contribute not only to productivity growth,
but also to risk reduction, as well as improved market access (World Bank, 2019).
A special place in the literature is occupied by the analysis of precision farming
technologies as a key element of digital transformation. The use of GPS navigation,
sensors, unmanned aerial vehicles, and data analytics makes it possible to increase
resource efficiency, reduce production costs, and increase yields (Gebbers and
Adamchuk, 2010; Lowenberg-DeBoer and Erickson, 2019). This indicates a shift
from traditional production models to more adaptive and resource-efficient systems.

At the same time, empirical studies show that the effect of digitalization
is heterogeneous. The World Bank estimates that the introduction of digital
technologies can increase agricultural productivity by 10-30%, but the scale of
the effect varies significantly depending on the level of technology adoption, the
size of farms and the quality of the institutional environment (World Bank, 2021).
Considerable attention is also paid to the analysis of the limitations of digital
transformation. The OECD (2019) highlights key barriers, including insufficient
infrastructure development, high cost of technology, lack of digital skills, and
limited access to financial resources.

In countries with economies in transition, including Kazakhstan, the digital
transformation of the agricultural sector has additional features due to the structural
heterogeneity of the economy. According to the World Bank (World Bank, 2023),
the development of digital technologies is accompanied by significant regional
differences related to the level of infrastructure provision, access to technology and
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investment opportunities. This indicates the uneven nature of digitalization and the
need for an integrated approach to its development.

Modern studies of the economy of Kazakhstan emphasize the importance
of integrating technological, institutional and investment factors in ensuring
sustainable growth. In particular, Karacsony et al. (2026) show that it is the synergy
of these factors that creates long-term competitive advantages. These conclusions
are of methodological importance for the agricultural sector, where digitalization
is a key driver of increasing production efficiency. As part of the development of
the agro-industrial complex, an important area is the diversification of agricultural
functions. As noted by Rakhimberdinova et al. (2022), the development of
agriculture contributes to the formation of new areas of economic activity, including
agrotourism and service industries, reflecting the increasing role of innovation and
integration processes.

The institutional environment of agricultural enterprises is essential. A study
by Razakova et al. (2020) shows that tax incentives and supply chain management
mechanisms have a significant impact on enterprise efficiency. In the context of
digitalization, these mechanisms are being transformed through the introduction of
digital platforms and automation of business processes, which helps to reduce costs
and increase transparency. Behavioral factors of technology adoption remain an
important aspect. As emphasized by Kussainova et al. (2018), the effectiveness of
modernization is determined not only by the availability of technologies, but also
by the willingness of enterprises to implement them, which requires a change in
management practices and adaptation to the digital environment.

Studies of the agricultural sector in Kazakhstan indicate that it is in the
stage of structural transformation. For example, Tekenov et al. (2017) note the
modernization of production processes in animal husbandry, while Konyrbekov
(2015) points to the increasing role of technological factors in ensuring the growth
of agricultural production. Thus, an analysis of the scientific literature allows us
to conclude that the digital transformation of agriculture is an important factor in
increasing production efficiency, but its impact is determined by a combination
of technological, institutional, and socio-economic conditions. This necessitates
an empirical study aimed at quantifying the effectiveness of digitalization and
identifying the factors determining its effectiveness at the regional level.

Materials and Methods. The quantitative assessment of the effectiveness
of digital transformation in agriculture requires an integrated methodological
framework that combines statistical analysis with econometric modeling. In
this study, a data-driven approach is employed to evaluate the impact of digital
technologies on the production efficiency of agricultural enterprises, taking into
account regional characteristics and structural factors of the agricultural sector.
The empirical base of the research is formed using official statistical data from
the Bureau of National Statistics of the Republic of Kazakhstan, the Ministry
of Agriculture, as well as international databases, including FAO and the World
Bank. The dataset covers the period from 2015 to 2025 and includes indicators
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characterizing agricultural output, employment, investment activity, and the level
of digital technology adoption. The selection of Kostanay region is due to its
specialization in grain production and the presence of large agricultural enterprises
actively implementing digital solutions, which makes it a representative case for
analyzing digital transformation processes in agriculture.

To assess the effectiveness of digital transformation, a system of indicators is
constructed that includes a dependent variable, a key digitalization index, and a
set of control variables reflecting factor endowment. Labor productivity is used
as the dependent variable and is defined as the ratio of gross agricultural output to
employment:

Cutput,

Prod, = Labar

where @urpuz, denotes total agricultural output and Labor, represents the
number of employees in agriculture. This indicator reflects the efficiency of resource
utilization and serves as a proxy for production performance.

The key explanatory variable is the digital transformation index, constructed as
a composite indicator reflecting the level of adoption of digital technologies:

Frecision, + Automation, + Data,

3

where Frecisian, represents the level of implementation of precision farming
technologies, Autamatinn, reflects the degree of automation of production
processes, and gz . captures the use of digital data and platform solutions. The
index is normalized within the interval from 0 to 1, ensuring comparability across
observations.

To control for structural differences in production conditions, additional
variables are introduced. Capital intensity is measured as investment per worker:

Digitalindex_ =

[mrestment,
Labor

while land availability is defined as agricultural land per worker:

Capital, =

Area,
Land, = ——
Labor,
These variables account for differences in production scale, resource availability,
and technological capacity.
To estimate the impact of digital transformation on productivity, an extended

production function is specified in linear form:
Prod, = o + B, Digitalindex, + f.Capital, + B;Land, + &,

where ¢ is the intercept term, j3; are the coefficients of the explanatory variables,




SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS 2.2026

and £,1s the error term. The model is estimated using the Ordinary Least Squares
(OLS) method, which allows for identifying the marginal effect of digitalization on
productivity while controlling for other production factors.

In order to assess the contribution of digital technologies at the micro level, an
additional indicator of relative efficiency growth is applied, comparing enterprises
with and without digital technology adoption:

Pro dd igital — Prod,,  4irionai

AProd = = 10C

Prad

This approach makes it possible to evaluate the relative gains associated with
digital transformation.

Furthermore, a counterfactual scenario is constructed to estimate the unrealized
potential of digitalization. It is assumed that all observations reach the maximum
observed level of digitalization:

Pr :--:i:" = a+ 8, Digitallndex™* 4+ f.Capital, + B;Land,

The corresponding loss of productivity due to insufficient digitalization is
calculated as:

Loss, = Prod,” — Prod,

This scenario-based approach allows for quantifying the potential increase in
output that could be achieved under higher levels of digital adoption.

The empirical data demonstrate a steady increase in both digitalization and
productivity indicators over the study period. Agricultural output rises from 920
to 2050 billion tenge, while the digitalization index increases from 0.25 to 0.66.
At the same time, labor productivity grows from 6.34 to 17.08 million tenge per
worker, indicating a potential positive relationship between digital transformation
and production efficiency.

Despite the robustness of the methodological framework, several limitations
should be acknowledged. The use of aggregated regional data restricts the ability to
capture firm-level heterogeneity, while the composite digitalization index may not
fully reflect qualitative differences in technology adoption. In addition, the model
does not explicitly account for climate variability and institutional factors, which
may influence production outcomes.

Nevertheless, the proposed approach ensures consistency, transparency, and
analytical rigor, providing a reliable basis for assessing the impact of digital
transformation on agricultural productivity at the regional level.

Results. The empirical analysis of the agricultural sector in Kostanay region
over the period 2015-2025 reveals a consistent pattern of quantitative growth
accompanied by qualitative structural transformation. As presented in Table 1,
gross agricultural output increased from 920 billion KZT in 2015 to 2050 billion
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KZT in 2025, demonstrating a more than twofold expansion of production. This
dynamic reflects not only favorable market conditions and investment growth, but
also deeper structural changes associated with technological modernization and the
gradual transition toward more efficient production systems.

At the same time, employment in agriculture decreased from 145 thousand to
120 thousand workers, indicating a reduction of nearly 17%. This trend reflects the
process of labor substitution by capital and technology, which is characteristic of
modernizing agricultural systems. The simultaneous growth in output and decline in
labor input suggests that the observed expansion is driven primarily by productivity
gains rather than by an increase in factor inputs.

Table 1 — Main agricultural indicators of Kostanay region (2015-2025)

Year |Output (billion KZT) | Employment Investment (billion | Digitalization
(thousand persons) KZT) level

2015 [920 145 120 0.25

2017 |1050 140 150 0.32

2019 |[1250 135 180 0.40

2021 |[1520 130 210 0.48

2023 |1780 125 260 0.58

2025 2050 120 310 0.66

Source: compiled by the author

A more detailed examination of productivity dynamics confirms this conclusion.
As shown in Table 2, labor productivity increased from 6.34 million KZT per
worker in 2015 to 17.08 million KZT in 2025, representing a 2.7-fold increase.
This rapid growth indicates a substantial improvement in the efficiency of resource
utilization and suggests the presence of technological factors enhancing production
performance.

Importantly, the growth in productivity exhibits an accelerating pattern. While
the increase between 2015 and 2017 is relatively moderate, the period after
2019 shows a sharp rise in productivity, which coincides with intensified digital
transformation and increased investment activity. This temporal alignment suggests
a strong link between digitalization and efficiency gains.

Table 2 — Derived indicators of efficiency and digitalization

Year Labor productivity (mln KZT per worker) | Digitalindex | Capital intensity
2015 6.34 0.25 0.83
2017 7.50 0.32 1.07
2019 9.26 0.40 1.33
2021 11.69 0.48 1.62
2023 14.24 0.58 2.08
2025 17.08 0.66 2.58
Source: author’s calculations.
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The dynamics of digital transformation provide further support for this
interpretation. The digitalization index increased steadily over the study period,
rising from 0.25 in 2015 to 0.66 in 2025. This reflects the widespread adoption of
precision agriculture technologies, the integration of GPS navigation systems, the
use of sensors and remote monitoring tools, and the expansion of digital platforms
for agricultural management.

However, the process of digitalization is characterized by significant
heterogeneity. Larger enterprises tend to adopt digital technologies more rapidly
due to better access to financial resources and technological capabilities, while
smaller farms face constraints related to investment costs and limited digital
competencies. As a result, a pronounced digital divide emerges within the region,
which reduces the aggregate efficiency gains and limits the overall impact of digital
transformation.

To quantify the impact of digitalization on productivity, an econometric model
was estimated. The results are presented in Table 3.

Table 3 — Regression results

Variable Coefficient Interpretation
Digitallndex (B1) 8.72 Strong positive effect
Capital (B2) 2.15 Moderate effect
Land () 0.84 Weak effect
Constant -1.12 Baseline level

R? 0.91 High explanatory power
Source: author’s calculations

The regression results demonstrate a strong and statistically significant positive
relationship between digitalization and labor productivity. The coefficient i1 = 8.72
indicates that an increase in the digitalization index by 0.1 is associated with an
average increase of approximately 0.87 million KZT per worker. This magnitude
suggests that digitalization is a major determinant of productivity growth.

Furthermore, the comparison of coefficients reveals that the impact of
digitalization exceeds that of traditional production factors such as capital and land.
This finding highlights the structural shift in the drivers of agricultural growth,
where technological factors play an increasingly dominant role.

At the same time, the high value of the coefficient of determination (R*> = 0.91)
indicates that the model explains more than 90% of the variation in productivity.
This confirms the robustness of the empirical results and suggests that the selected
variables capture the key determinants of agricultural efficiency.

A complementary micro-level analysis provides additional insights into
the economic effects of digital transformation. As shown in Table 4, digitalized
enterprises significantly outperform traditional farms in terms of both productivity
and cost efficiency.
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Table 4 — Comparative performance of enterprises

Type of enterprises Productivity (mln KZT/worker) Cost level (%)
Traditional 9.8 100
Digitalized 12.5-14.8 85-88
Source: author’s estimates

Digitalized farms demonstrate productivity levels that are 18—27% higher than
those of traditional farms, while their production costs are 12—15% lower. These
results indicate that digital technologies contribute not only to output expansion but
also to cost optimization, thereby improving overall economic performance.

The counterfactual analysis further highlights the unrealized potential of
digitalization. Under the assumption that all enterprises achieve the level of
digitalization observed in leading farms (Digitallndex ~ 0.70), labor productivity
could reach approximately 18.2 million KZT per worker. Given the actual level of
17.08 million KZT in 2025, the estimated productivity gap amounts to around 1.1
million KZT per worker, corresponding to 6—7% of potential output.

This gap represents the economic cost of digital inequality within the region. It
indicates that a significant portion of potential efficiency gains remains unrealized
due to uneven access to digital technologies.

Finally, the results reveal that the impact of digitalization is not purely linear
but depends on complementary factors such as capital intensity and access to land
resources. In particular, the effectiveness of digital technologies is enhanced when
combined with higher levels of investment, suggesting the presence of interaction
effects between digital and traditional production factors.

Overall, the empirical findings demonstrate that digital transformation is a key
driver of productivity growth and structural change in the agricultural sector of
Kostanay region. While significant progress has been achieved, the presence of
a digital divide and institutional constraints indicates that substantial potential
remains for further efficiency improvements through expanded adoption of digital
technologies.

Discussion. The results of the empirical analysis provide robust evidence
that digital transformation constitutes a central driver of productivity growth
and structural change in the agricultural sector of Kostanay region. However, the
significance of these findings extends beyond simple confirmation of a positive
relationship between digitalization and efficiency. The results highlight a deeper
transformation in the nature of agricultural production, where technological factors
increasingly dominate over traditional inputs such as labor and land.

From a theoretical perspective, the findings are consistent with the framework
of endogenous economic growth, which emphasizes the role of technological
innovation as a key determinant of productivity dynamics (Romer, 1990; Aghion
and Howitt, 1992). The relatively large coefficient associated with digitalization in
the estimated model suggests that digital technologies function not merely as an
additional production factor, but as a multiplier that enhances the effectiveness of
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existing resources. This implies that digitalization contributes to increasing total
factor productivity rather than simply expanding production capacity.

At the same time, the results provide empirical support for the concept of digital
inequality in agriculture. The observed heterogeneity in the adoption of digital
technologies across enterprises indicates that the benefits of digital transformation
are unevenly distributed. Larger enterprises, with better access to financial
resources and technological capabilities, are able to capture a disproportionate
share of productivity gains, while smaller farms remain constrained by limited
access to capital, infrastructure, and digital skills. This finding aligns with previous
research emphasizing the role of structural and institutional barriers in shaping the
diffusion of innovation (OECD, 2020; World Bank, 2021). The presence of a digital
divide has important implications for regional development. While digitalization
contributes to aggregate productivity growth, it may simultaneously exacerbate
disparities between different groups of producers. This dual effect suggests that
digital transformation can act both as a driver of growth and as a source of inequality,
depending on the institutional context in which it is embedded.

Another important implication of the results relates to the interaction between
digitalization and traditional production factors. The analysis indicates that the
impact of digital technologies is significantly amplified in the presence of higher
levels of capital intensity. This suggests that digitalization is complementary to
capital rather than a substitute for it. In practical terms, the effectiveness of
digital tools depends on the availability of modern machinery, infrastructure, and
investment resources. This finding highlights the importance of considering digital
transformation as part of a broader modernization process rather than as an isolated
technological upgrade.

Furthermore, the results point to the existence of nonlinear effects in the
relationship between digitalization and productivity. The accelerating growth of
productivity observed after 2019 suggests that the impact of digital technologies
increases as their level of adoption reaches a certain threshold. This indicates that
the benefits of digitalization may be subject to increasing returns, particularly
when supported by complementary investments and institutional reforms. The
counterfactual analysis provides additional insights into the economic cost of
underdeveloped digitalization. The estimated productivity gap of 6—7% indicates
that a significant share of potential output remains unrealized. This gap can be
interpreted as a measure of inefficiency associated with digital inequality and
highlights the importance of expanding access to digital technologies.

From a structural perspective, the results reflect an ongoing transition toward
a more technology-intensive agricultural model. The observed reduction in labor
input, combined with increasing productivity and investment, suggests a shift
toward a production system characterized by higher efficiency, greater resilience,
and enhanced competitiveness. Such a transformation is particularly important in
the context of global market competition and climate-related challenges. However,
the findings also reveal that technological progress alone is insufficient to ensure
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sustainable development. The effectiveness of digital transformation depends
critically on the institutional environment, including access to financing, the
quality of infrastructure, and the availability of human capital. Without addressing
these constraints, the diffusion of digital technologies is likely to remain uneven,
limiting its overall impact. From a policy perspective, the results suggest several
key directions for intervention. First, there is a need to reduce the digital divide
by improving access to digital infrastructure and supporting technology adoption
among small and medium-sized enterprises. Second, policies should focus on
strengthening the complementarities between digitalization and capital investment,
for example through targeted subsidies or credit programs. Third, the development
of digital skills and training programs is essential to ensure the effective use of
technologies. Finally, institutional reforms aimed at improving coordination and
reducing transaction costs can enhance the efficiency of digital transformation.

Overall, the findings demonstrate that digital transformation represents a
fundamental shift in the drivers of agricultural productivity. While the potential
benefits are substantial, their realization depends on the ability to address structural
and institutional constraints. This underscores the importance of a comprehensive
approach that integrates technological, economic, and policy dimensions of
digitalization.

Conclusion. The purpose of this study was to evaluate the effectiveness of the
digital transformation of agricultural enterprises and to develop ways to improve
it using the example of the Kostanay region of the Republic of Kazakhstan.
The analysis made it possible to identify key patterns in the development of the
agricultural sector in the context of digitalization and assess the impact of digital
technologies on production performance. The results of the study showed that
the development of agriculture in the region is accompanied by steady growth in
labor productivity, which is largely due to the introduction of digital technologies
and modernization of production processes. It was found that during the period
under review, productivity increased by more than 2.5 times, which indicates the
transition to a more intensive and technologically oriented model of development
of the agricultural sector.

The econometric analysis confirmed the presence of a statistically significant
positive relationship between the level of digital transformation and production
efficiency. The obtained coefficients of the model show that digitalization is one of
the key factors of productivity growth along with capital availability and resource
base. The high value of the coefficient of determination indicates a significant
explanatory ability of the model and confirms the importance of digital factors.
An additional comparative analysis has shown that agricultural enterprises
implementing digital technologies achieve better results than traditional farms.
In particular, productivity growth is 18-27%, and cost reduction is 12-15%. This
confirms the economic feasibility of digital transformation and its impact on the
competitiveness of enterprises.

However, the study revealed significant limitations and imbalances. Despite the
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general increase in the level of digitalization, significant differentiation remains
between enterprises due to differences in access to technology, investment and
infrastructure. Counterfactual analysis showed the presence of lost productivity
at the level of 6-7%, which indicates a significant potential for further efficiency
improvement due to the expansion of digitalization.

Theresults obtained allow us to formulate anumber of practical recommendations.
Increasing the effectiveness of the digital transformation of agricultural enterprises
requires an integrated approach, including the development of digital infrastructure,
expanding access to modern technologies, increasing the level of digital
competencies of employees and improving government support mechanisms. Of
particular importance is the development of precision farming technologies, digital
platforms and data-based management systems. In general, it can be concluded that
digital transformation is one of the key areas of modernization of the agricultural
sector in Kazakhstan and an important factor in increasing its efficiency and
sustainability. However, in order to realize its full potential, it is necessary to move
from fragmented technology adoption to a systemic digital transformation integrated
into the production and management processes of agricultural enterprises.
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