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ABSTRACT. The article addresses pressing issues concerning the assessment of the economic efficiency of innovative
development in agricultural enterprises in the Republic of Kazakhstan. These issues stem from the systemic transformation of
the sector, global food security challenges, climate change, and the imperative for technological modernization. Gaps in existing
methodological approaches have been identified, such as insufficient inclusion of institutional specificities, natural and climatic
factors, and the organizational and economic heterogeneity of the industry.

The objective of this research is to systematize and critically analyze methodological approaches to assessing the economic
efficiency of innovative development in agricultural enterprises, considering the specific context of Kazakhstan.

The methodological foundation is based on systemic and comprehensive approaches, as well as a systematic literature review
using an adapted PRISMA 2020 protocol. The source selection procedure included searches in Web of Science, Scopus, RSCI,
KazNEB databases, and repositories of international organizations.

The originality and value of the research lie in identifying five key gaps in existing methodological approaches and proposing
a conceptual framework for a four-level assessment, adapted to the conditions of Kazakhstan's agricultural sector. The novelty of
the framework lies in integrating a contextual level, combining institutional and climatic factors, with standard assessment levels.

The research results enabled the formulation of a conceptual framework for assessing the economic efficiency of innovative
development in agricultural enterprises in Kazakhstan. This framework integrates financial-economic, production-resource,
innovation-performance, and institutional aspects. Five priority directions for adapting methodological tools are proposed,
introducing a subsidiarity adjustment factor, stratifying assessment by agro-climatic zones, developing specialized statistics,
differentiating methodologies by the scale of economic entities, and evaluating digital innovations. The findings highlight the
multidimensional nature of innovative development outcomes in the agro-industrial complex and the need for further empirical
validation of the proposed framework.

KEYWORDS: economic efficiency, innovative development, agricultural enterprises, Kazakhstan, methodological approaches,
innovation assessment, PRISMA.
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AHHOTALMA. B cTaTbe paccmaTpuBatoTCs akTyalbHble BOMPOChI OLLEHKM SKOHOMUYECKON 3PPEKTUBHOCTM MHHOBALMOHHOTO Pa3BUTUA arpap-
HbIX MpeAnpuATUIA B Pecnybavke KasaxctaH, 0bycnoBaeHHble CMCTEMHOW TpaHCcpopMaLmel cekTopa, r1o6aabHbIMU BbI30BaMU NPOLOBONbCTBEH-
HOM 6e30MacHOCTH, KNMMATUYECKUMUN U3MEHEHUAMU 1 HEODXOAMMOCTLIO TEXHONOTNYECKON MOoAepHM3aLmn. BeiaaeHbl npobenbl B CyLLecTBYHO-
LMX METOANYECKMX MNOAXOAAX, Takne Kak He0CTaTOYHOe BKAKOUEHNE MHCTUTYLIMOHAbHBIX OCOBEHHOCTEN, NPUPOAHO-KIMMATUYECKMX HakTOpOB
1 OPraHN3aLMOHHO-3KOHOMMNYECKOW HEOAHOPOAHOCTU OTPaC/M.

Llenbto nccnesoBaHns ABASETCA CUCTEMATU3ALIMA Y KPUTUYECKUIA aHaAN3 METOANYECKMX MNOAXOAOB K OLeHKe 3KOHOMUYECKON 3P dEKTUBHOCTH
MHHOBALIMOHHOTO Pa3BUTUA arpapHbIX NPeAnpuATHi C yuétom cneundukm KasaxcraHa.

MeTog0a0rnyeckori OCHOBOW MOCAYXWAW CUCTEMHBIV U KOMMIEKCHBIM NMOAXOAbI, @ TakXXe cMcTemMaTUyecknin 063op mtepaTtypbl € UCMOb30-
BaHWeM aganTmpoBaHHoro npotokosa PRISMA 2020. Mpoueaypa oTbopa MCTOYHUKOB BKtOYana nouck B 6azax Web of Science, Scopus, PUHL,
KasH3B 1 peno3utopusx MexXayHapoAHbIX OpraHu3auuii.

OpUrMHanbHOCTb M LLIeHHOCTb NCCAe0BaHNA 3aKN0YAOTCA B UAEHTUOUKALIMN NATU KIHOUEBbIX NPOOENOB CyLLEeCTBYHOLLMX METOANYECKMX NOJ-
XOZ,0B U NPEANOXKEHMN KOHLLENTYa bHOW paMKu YeTbIpEXYPOBHEBOW OLIEHKW, aJanTMPOBaHHOW K YCN10BUAM arpapHoro cektopa PK. HoBu3Ha pam-
KV 3aK/1K04aeTca B MHTErpaLMn KOHTEKCTYalbHOTO YPOBHS, OObeAVHAIOLWEro MHCTUTYLMOHabHbIE U KIMMaTuyeckne Gpaktopbl, CO CTaHAAPTHbIMMU
YPOBHAMM OLLEHKW.

Pe3synbTaTthl UccnefoBaHUA NO3BOAUAM CHOPMYIMPOBATL KOHLENTYyaNbHYHO PamKy ANA OLEHKN 3KOHOMUYECKON 3PPEeKTUBHOCTU MHHOBALM-
OHHOTO Pa3BUTUA arpapHbIX NPeAnpuaTMin KasaxcraHa, MHTerpupyoLLlyto GUHaHCOBO-3KOHOMMYeECKMe, MPOV3BOACTBEHHO-PECYPCHbIE, MHHOBA-
LIMOHHO-Pe3yNbTaTUBHbIE U MHCTUTYLMOHaNbHbIE acnekTbl. [TpeanoxeHbl NATL NPYOPUTETHLIX HanpaBAeHW aganTaLun METOANYECKOTO UHCTPY-
MeHTapus, BBeJeHne NonpaBoYyHoOro koadgduumeHTa cybcuamnapHocTi, cTpatndukaLivsa OLEeHKM No arpokanMaTMyeckum 30HaMm, pasBuTue cneum-
a/M3VPOBaHHOW CTaTUCTUKK, AnddepeHLmaLma METOAMK Mo MaclTaby XO3ANCTBYHOWMX CYObEKTOB M OLeHKa LMPPOBbIX MHHOBALMA. BbiBoabl
paboTbl NOAYEPKMBAOT MHOTOMEPHbIV XapaKTep pe3yNbTaToB MHHOBALMOHHOIO pa3sutus B AMNK 1 HeobxoanMOoCTb AanbHenLwel aMNnpuYeckom
anpobauun NpeanoXKeHHON paMKu.

KFOYEBbBIE C/TIOBA: skoHOMMYeckas 3pPeKTMBHOCTb, MHHOBALIMOHHOE pa3BuTWe, arpapHble npeanpuatua, KasaxcraH, metogmnyeckvie noj-
XOAbl, OLeHKa nHHoBaLmi, PRISMA.

KA3AKCTAH AGK-IHIH NHHOBA Mﬂﬂbll}IEIAMYbI: TUIMAINIKTI BAFANAY
TYOKbIPBIMAAMAJIbIK HETI3I

Bektaes A.K.", Palixan M.C.*?, HypxaHosa IW.2

"«Turan-Astana» yHugepcumemi, Acmara, Kazakcmar; 2Kazakcmar Pecnybiukace EHbek xaHe Xa/bikmel aieymemmik KopFay
MUHUCMpi2iHiH Pecnybukansik eHbek Kopray fblabIMu-3epmmey uHcmumymesl, Acmara, Kasakcmar; *Astana International
University, Acmara, KazakcmaH

150 EDUCATION. QUALITY ASSURANCE N23/2026



3KOHOMWUYECKUE ACIMEKTbI

AHAATIA. Makanaga KazakcraH PecnybankacbiHbiH, arpap/blk, KaCimOpbIHAAPbIHbIH, MHHOBALMAIbIK AaMYbIHbIH, 3KOHOMMKabIK TUIMAINIFIH
GaranayablH, ©3ekTi Macenenepi kapactbipbliagbl. byn Macenenep cektopaplH >kyheni TpaHchOpMaLMACbIMEH, a3blK-TYAiK KayincisgiriHib,
XahaHgblK CbIH-KaTepaepPiMEH, KNMMAaTTbIH ©3repyiMeH XaHe TEXHOIOTUSAIbIK XaHFbIPTY KaXeTTiirimeH 6arinanbicTbl. KongaHbicTarbl agicTemenik
TaCinAepaeri ONKbIIbIKTaP, MbICasbl, UHCTUTYLIMOHANAbIK epeKLLENiKTEPAI, TaBUFU-KAMMATTbIK GakTopaapabl XaHe canaHblH YbIMAACTbIPYLLbIIbIK-
3KOHOMMKasbIK BipKesiKi eMeCTiriH XEeTKINKCI3 eckepy aHbIKTanAbl.

3epTTeyain MakKcaTbl - KazakCTaHHbIH epeKLLenikTepiH eCKepe OTbIPbIM, arpapblk KaCinopbIHAAPAbIH MHHOBALMAbIK AaMYyblHbIH 3KOHOMUKaNbIK
TUIMAINITIH BafanayabiH, aicTeMenik TCIAEPIH Xyneney XaHe CbiHW Tangay.

DAicTeMenik Heri3 peTiHae XyNenik XXaHe KelleHai Tacingep, coHaal-ak berimaenreH PRISMA 2020 xaTTamacbiH KoajaHa OTblpbIr, 84ebueTtepre
Xyveni wony xacangbl. Jepekkesgepai ipiktey pacimi Web of Science, Scopus, PVIHLL, KazH3B gepekkopaapbiHaa KaHe Xanblkapanblk YAbIMAAPAbIH,
peno3uTopuinepiHAe i34eyAi KaMTbiAbl.

3epTTeyAin e3iHAIK epekLueniri MeH KyHZAbUIbIFbl KOAaHbICTaFbl 9icTeMenik Tacingepaeri 6ec Heri3ri oNKbIAbIKTbl aHblKTayAa XaHe KaszakcTaHHbIH,
arpap/iblk CEKTOPbIHbIH, XafaaknapbiHa beniMaenreH TepT AeHrenni 6aranayablH Ty KbipbIMAAManbIK HEri3iH YCbIHYAa XaTblp. Heriain xaHanbifbl
WNHCTUTYLMOHaNAbIK XHe KAMmaTTbiK hakTopiapAbl OipikTipeTiH KOHTEKCTIK AeHrenai cTaHAapTThl 6aFanay geHrelinepimeH bipikTipyge.

3epTTey Hatuxkenepi KasakCTaHHbIH, arpapblk  KaCiNOpbIHAAPbIHbIK WHHOBALMANLIK AaMyblHbIH 3KOHOMUKaNbIK TUiMAiNIriH Gafanay
YLWiH  Kap>XXblIblK-3KOHOMMWKabIK, ©HAIPICTIK-PECYPCTbIK, WMHHOBALMAIbIK-HITUXENI >KOHEe WHCTUTYLMOHaNAbIK —acnekTinepai 6ipikTipeTiH
TYKbIpbIMAAMasblK, HETi34i TyKbIpbiMgayFa MyMKiHAIK 6epi. DaicTemenik kypansapabl 6enimgeyaiH 6ec 6acbim 6afbiTbl YCbIHbIAbI, CyOCUANAPABLIK
Ty3eTy KO3QOULMEHTIH €Hri3y, arpo-kammaTtTblK aiMakTap 6GoWbiHWwa 6afanayabl cTpaTvdukaumsnay, MamMaHAaHAblpblifaH CTaTUCTUKaHbI
JAaMbITy, Llapyallblablk CybbekTinepiHiH MacluTabbl 6oMbIHIWA d4icTeMenepsi capanay >aHe LudpablK MHHOBaUManapabl 6aranay. XXyMbICTbIH,
KOpbITbIHAbINapbl AGK-aeri MHHOBaLMAbIK, AaMy HOTUXKENEepiHiH Ken eawemAi cunaTbiH XXSHEe YCbIHbUIFAaH HEri3zi ofaH api 3MNMpUKabIK

anpobauusnay KaxeTTiniriH kepceTeai.

TYWNIH CO3,EP: 5kOHOMMKaNbIK THIMAINIK, THHOBALWSIBIK Zamy, arpapsblk KacinopblHaap, KasakcTaH, agictemenik Tacingep, MHHoBaLmsaiapAbl

6aranay, PRISMA.

INTRODUCTION. The agricultural sector of the Re-
public of Kazakhstan is undergoing a systemic transfor-
mation driven by global food security challenges, climate
change, and the need for technological modernization.
The Concept for the Development of the Agro-Indus-
trial Complex for 2021-2030 defines strategic priorities,
including ensuring food security, industrializing agricul-
tural production, and stimulating competitiveness [1]. The
government has set a goal of doubling gross agricultural
output through the modernization of the agro-industrial
complex and the diversification of crop production [2]. By
the end of 2024, agriculture accounted for 3.94% of GDP,
employing 11% of the working-age population [3], while
the volume of agro-industrial exports for 2020-2024 in-
creased by 51%—from $3.4 billion to $5.1 billion [4]. In
the Global Food Security Index, Kazakhstan ranks 32nd
among 113 countries [5].

At the same time, the development of the agro-indus-
trial complex is associated with systemic risks. Land deg-
radation threatens two-thirds of the country’s territory [6],
wheat yields could decline by 20-50% by 2050 without
adaptation [7], innovation activity remains low, with in-
novative products accounting for only 1.8% of GDP, and
the country ranks 81st out of 132 in the Global Innova-
tion Index [8]. At the same time, 80% of the agricultural
machinery fleet has reached the end of its service life [9].
Karymsakova, Kerimova, and Deliana identified a lack of
innovation infrastructure, dependence on imported ma-
chinery, and limited access to credit [10], while Madiev,
Kerimova, and Nigmatjanov justify the key role of state
regulation [11], while Seitov notes the ineffectiveness of
subsidies—for every 1 tenge of profit, 0.69-0.92 tenge of
subsidies were spent [12]. The FAO and the EBRD identify
precision and resource-efficient agriculture as promising
technologies for Kazakhstan [13], while an OECD report
notes a decline in innovation expenditures despite a 56%
increase in budgetary support [14].

The theoretical basis of the study is the fundamental
concept of J. Schumpeter, who defined innovation as the
implementation of new combinations of production fac-
tors [15], while the mechanism of “creative destruction”
reveals the dual nature of innovation [16]. The endoge-
nous growth models of P. Aghion and P. Howitt [17], as
well as the neo-Schumpeterian approach of K. Freeman
and B.-O. Lundvall, which shifted the focus to national in-
novation systems [18], justify the need for a systematic
analysis of institutional conditions. The Oslo Manual pro-
posed a universal definition of innovation [19], but the
OECD recognized the need for substantial adaptation of
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standard approaches for the agricultural sector, taking
into account the interplay of productivity, sustainability,
and innovation [20].

An analysis of the scientific literature identifies four
groups of methodological approaches to assessing the
economic efficiency of innovation-driven development.
Financial and economic approaches (NPV, IRR, ROI) do
not account for the external effects of innovation [21].
Production-resource approaches, including the total fac-
tor productivity (TFP) indicator, are recommended by the
OECD [20]; however, the World Bank notes a slowdown
in productivity growth in Kazakhstan's agriculture since
2010 [22]. Innovation-outcome approaches, represented
by Semyonov’s composite indicator [23], and integrated
approaches, including DEA, BSC, and composite indices
[24, 25], reflect a paradigm shift toward multidimension-
al models. A systematic review by Markulis et al. showed
that DEA in the agricultural sector requires special modi-
fications [25], while three-stage DEA with the Malmquist
index allows for isolating the influence of external factors
[26]. Akhilzhanova and co-authors, using data from 21
regions of Kazakhstan, confirmed that human capital, in-
novation, and government support are key factors of effi-
ciency [27], while Tayshikov and co-authors substantiated
the need to integrate institutional factors into the evalu-
ation system [28].

The central issue determining the scientific and practi-
cal significance of this study is the lack of adapted meth-
odological approaches to assessin% the economic effi-
ciency of innovative development that take into account
the specifics of Kazakhstan's agricultural sector, season-
ality, climatic dependence, social significance, the role of
subsidies, and the sector's organizational and economic
heterogeneity [10, 14]. Existing methodologies do not in-
clude a systematic assessment of the influence of natural
and climatic factors [29], do not account for the hetero-
geneity of the industry—ranging from large agricultural
holdings to small-scale farms—and systematic reviews
based on standardized protocols are virtually absent in
Russian-language agricultural and economic literature.
The appropriateness of the chosen methodological ap-
proach—a systematic review based on the adapted PRIS-
MA 2020 protocol [30, 31]—is driven by the need to en-
sure the transparency, reproducibility, and comparability
of results, as confirmed by international practice [25, 32].

The objective of this study is to systematize and crit-
ically analyze methodological approaches to assessing
the economic efficiency of innovative development in
agricultural enterprises, taking into account the specific
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conditions of Kazakhstan. In accordance with the objec-
tive, the following tasks are addressed: summarizing the
theoretical foundations of innovation assessment in the
agro-industrial complex; classifying existing methodolog-
ical approaches while identifying their advantages and
limitations as they apply to the conditions of the Repub-
lic of Kazakhstan; and %rmulating recommendations for
adapting and improving the methodological toolkit.

RESEARCH MATERIALS AND METHODS. The object
of this study is methodological approaches to assessing
the economic efficiency of innovative development in ag-
ricultural enterprises in the Republic of Kazakhstan. The
subject of the study encompasses the theoretical and
methodological foundations, indicators, and assessment
tools, as well as their applicability to the conditions of the
agricultural sector in the Republic of Kazakhstan.

The methodological foundation consists of systemic
and comprehensive approaches. The systemic approach
allows for the assessment of effectiveness to be viewed
as a holistic problem, encompassing theoretical justifica-
tion, informational and statistical support, the institution-
al context, and the practice of managerial decisions. The
comprehensive approach is implemented by simultane-
ously considering financial and economic, production and
resource, innovation and performance, and institutional
aspects, which allows for overcoming the limitations of
single-criterion methods.

The adapted PRISMA 2020 protocol (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses) [30,
31] was used for the systematization and critical analy-
sis of sources. The choice of this protocol was driven by
three reasons: ensuring the transparency and reproduc-
ibility of the selection procedure, reducing subjectivity
in the inclusion and exclusion of sources, and ensuring
the comparability of results with international reviews, in
particular with the systematic review by Markulis et al.,
which covered 120 publications on the application of DEA
in agriculture [25], and the review by Rashidgalam et al.
on environmental efficiency in the agro-industrial com-
plex [32]. Adaptation of the protocol involved abandon-
ing meta-analysis in favor of qualitative synthesis, taking
into account the heterogeneity of the studies, as well as
replacing standard medical quality assessment scales with
the authors’ methodology for assessing the validity and
reliability of sources.

The source selection procedure consisted of four con-
secutive stages. During the identification stage, a search
was conducted for publications in the international scien-
tific databases Web of Science, Scopus, RINC, KazNEB, as
well as in the repositories of international organizations
(OECD, FAO, World Bank, EBRD) for the period 2010-2025.
Search queries were formulated based on the following
Databases + Repositories

of international organizations (n=)
{n = 187)

keywords: «economic efficiency of innovations in the
agro-industrial complex», «efficiency of agricultural inno-
vations», «DEA in Central Asian agriculture», and «total
factor productivity of agriculture».

During the screening phase, sources were selected
based on their titles and abstracts. The inclusion criteria
considered were the methodological significance of the
study, its relevance to the agricultural sector, and the
presence of empirical data. During the suitability assess-
ment stage, full-text publications were analyzed, taking
into account the methodology used, the system of indi-
cators, the sectoral focus, and the presence of empirical
validation of the results.

The final sample included 42 sources out of the 187
initially identified.

Methodological approaches were compared using a
unified analytical matrix that included the following pa-
rameters: research subject, indicators used, data require-
ments, advantages and limitations of the methods, as well
as their adaptability to conditions in Kazakhstan.

The information base for the study consisted of data
from the National Statistics Bureau of the Republic of Ka-
zakhstan [3], analytical reports from the OECD [14, 20],
the World Bank [7, 22, 29], and the FAO [5, 13], as well as
the results of domestic scientific research [11-13, 29, 33].

RESULTS AND DISCUSSION. The systematic liter-
ature search procedure, based on the adapted PRISMA
2020 protocol, was conducted in four consecutive stages.
During the identification stage, 187 potentially relevant
sources were identified, of which 156 were found in in-
ternational and national scientific databases (Web of Sci-
ence, Scopus, RSCI, KazNEL), and 31 in the repositories
of international organizations (OECD, FAO, World Bank,
EBRD). After removing 24 duplicates, 163 records were
admitted to the screening stage.

During the screening stage, conducted based on titles
and abstracts, 89 sources were excluded on the following
grounds: irrelevance to the research topic (n=41), absence
of a methodological component for effectiveness assess-
ment (n=28), and narrowly biological topics without eco-
nomic analysis (n=20). A total of 74 full-text sources were
admitted to the acceptability assessment stage.

During the acceptability assessment stage, full-text
publications were analyzed based on the criteria of meth-
odological soundness, the presence of a system of indi-
cators, sectoral relevance to the agricultural sector, and
the presence of empirical validation. Thirty-two sources
were excluded due to the absence of empirical validation
(n=14), a predominantly descriptive nature without an an-
alytical component (n=11), and the unavailability of the
full text (n=7). The final sample included 42 sources; the
selection flowchart is presented in Figure 1.

Repositories for 10O

" Data registers +
(n=187)

Complete duplicates

between sources

Duplicates removed I

n = number of studies

(n=-24)

ﬁti;;iist:act_scrmnlng
(n =163, 187-24)

e
(n=-89)
Irrelevant topic (41); no

[

methodology (28);
biology (20)

l Full-texts

(n=74)

Full texts not found

i

(n=7)

Full-text analysis
(n = 67, 74-7)

Excluded after full-text
analysis

]

(n=-25)

l Included in final analysis

(n=42)

No emplrical (14); descriptive (11)

[N. V. } [Il, Eligltiation ] [ Il. Sereneiion J [ 1. Identittcation }

n = number of studies l

Included in final analysis
(n=42)

Figure 1 - Flowchart of source selection according to the PRISMA2020 protocol

Note: Compiled by the authors.
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3KOHOMWUYECKUE ACIMEKTbI

Classifying the 42 included sources by their predom-
inant methodological approach revealed four groups:
production-resource approaches—12 sources (28.6%);
financial-economic approaches—11 (26.2%); integrated

approaches—11 (26.2%); innovation- and results-orient-
ed—~8 (19.0%). The characteristics of the 18 key studies
comprising the analytical core of the review are presented
in Table 1.

Table 1—Characteristics of the key studies included in the systematic review

Adaptation [7]

agriculture, Kazakhstan

Author(s) Year Group Object / Country Key Findings
. : Financial indicators do not account for external effects
Zainullina D.R. [21] 2021 FE Qunsc;\i/:tlon projects, of innovations in technological, environmental, and
social domains
. Agricultural subsidies, Subsidies are inefficient: 0.69-0.92 tenge of gross profit
seitov SK.[12] 2023 FE Kazakhstan per 1 tenge of subsidies
World Bank, Risk 2016 FE/PR Agricultural risks, Agriculture in Central Asia is subject to a “shock-
Assessment [29] Kazakhstan recovery—shock” cycle
OECD, Innovation, 2019 PR Agricultural sector, OECD | Framework “productivity—resilience-innovation”, with
Productivity [20] countries TFP as the main indicator
World Bank, Reversing - Slowdown in within-sector productivity growth in
Productivity [22] 2019 PR Productivity, Kazakhstan Kazakhstan's agriculture since 2010
. : DEA in agriculture requires weighting coefficients and
Markoulis G. et al. [25] | 2023 PR/IN DEA in agriculture, 120 consideration of undesirable outputs; PRISMA-based
publications review
Frontiers, Three-Stage 2025 PR/IN 16 cities, Anhui Province, |Three-stage DEA + Malmquist index isolates the impact
DEA [26] China of external factors
Agrotechnologies, . . . .
I[E1A3? & EBRD, FINTECC 2018 PR Kazakhstan and Fiﬁgrl?cri]gl ofo](e1ntte}§|hnolog|es by climate, adaptation, and
Kyrgyzstan P
OECD/Eurostat, Oslo 2018 R Innovation measurement | Universal definition of innovation and standardized
Manual [19] methodology, all sectors |approaches to data collection
Innovative development | Composite indicator based on four blocks: socio-
semenov A.V. [23] 2024 IR of agriculture, Russia economic, scientific-technical, innovation, and policy
: Innovation management | Need to integrate institutional factors into the
Taishykov Z. et al. [28] | 2024 IR in agriculture, Kazakhstan |evaluation system
Karymsakova Zh K. et 2024 IR Innovative development | Deficit of innovation infrastructure, dependence on
al. [10] of agriculture, Kazakhstan | imported machinery, limited access to credit
Vestnik of Eurasian 2024 IN Economic efficiency of Paradigm shift: integration of financial, production,
Science [24] agriculture innovation, and ESG indicators
Perevoshchikova A.A. 2022 IN Digitalization of Comprehensive approach to evaluating digitalization
[33] agriculture, Russia efficiency based on statistical and expert methods
Akilzhanova L. et al. 2025 IN 21 regions of Kazakhstan, | Human capital, innovation, government support, and
[27] panel data (2015-2024) | exports are key efficiency factors
. State regulation of State regulation is a key driver of innovation; need to
Madiev G. et al. [11] 2025 IN agriculture, Kazakhstan develop domestic machinery production
OECD, AgPolicy 2025 2025 IN Agricultural policy, Innovation expenditures are declining; subsidies
[14] Kazakhstan redirected to input producers (+56%)
World Bank, Climate 2024 PR/IN Climate adaptation in Wheat yields may decrease by 20-50% by 2050 without

adaptation measures

Note: FE — financial-economic; PR — production-resource; IR — innovation-resultative; IN — integral. 18 out of 42 key sources are presented.

Compiled by the authors.

An analysis of the chronological distribution of sources
revealed a significant pattern indicating a paradigm shift
in evaluation methodology (Table 2). Of the 42 sources,
27 (64.3%) were published between 2020 and 2025, in-
dicating that the issue has gained renewed relevance.
The most pronounced concentration is observed in the

group of integrated approaches: of the 11 works in this

group, 9 (82%) were published after 2020, whereas there
are no works of an integrated nature in the sample from
the 2010-2014 period. This indicates a shift in the scien-
tific community from single-criterion to multidimensional
evaluation models that take into account multiple aspects
of innovative development.

Table 2 - Distribution of sources by thematic groups and publication periods

Group of Approaches 2010-2014 2015-2019 2020-2025 Total Share, %
Financial-economic 2 4 5 11 26.2
Production-resource 1 4 7 12 28.6
Innovation-resultative 1 1 6 8 19.0
Integral 0 2 9 11 26.2
Total 4 11 27 42 100.0

Note: compiled by the authors based on PRISMA review results.
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An analysis of 11 sources from the financial and eco-
nomic literature (Zainullina [21], Seitov [12], World Bank
[29], and others) revealed a systemic gap: none of them
provides a mechanism for distinguishing the effect of
government subsidies from the effect of the innovation
itself. Zainullina [21] notes the limitations of financial in-
dicators (NPV, IRR, ROI) due to their failure to account
for the external effects of innovation in the technological,
environmental, and social spheres; however, she does not
consider subsidies as a distorting factor in calculating re-
turns.

Meanwhile, for Kazakhstan, this gap is critical. The
OECD report «Agricultural Policy Monitoring and Evalu-
ation 2025» notes that budgetary support for the agri-
cultural sector increased by 56% in 2024, the volume of
subsidized loans doubled, and subsidies were redirected
through domestic producers of means of production [14].
Seitov [12] empirically demonstrated the ineffectiveness
of subsidies—for every 1 tenge of gross profit, there were
0.69-0.92 tenge in subsidies in 2023-2024. When evaluat-
ing drip irrigation projects (158,000 ha commissioned in
2024), the NPV varies by 25-30% depending on whether
subsidies are included in the cash flows [2]. This restruc-
turing of the support system creates a fundamentally new
context for financial and economic evaluation methods;
the calculation of NPV and IRR for innovative projects is
becoming increasingly dependent on the form and chan-
nels of government support. Without adjusting for sub-
sidies, financial and economic evaluations systematically
overestimate the profitability of innovations in Kazakh-
stan’s agro-industrial complex.

Of the 12 sources in the production-resource group,
only 3 directly include climate variables in the analytical
model. These include the World Bank report on agricul-
tural sector risk assessment [29], the report on climate
adaptation [7], and the FAO/EBRD FINTECC methodology
[13]. The World Bank [22] applies a decomposition of to-
tal factor productivity (TFP) but does not account for the
impact of droughts and land degradation. The OECD [20]
proposes a comprehensive «productivity—resilience—inno-
vation» framework that includes an environmental dimen-
sion, but does not elaborate on it for arid and semi-arid
farming conditions.

For Kazakhstan, the absence of a climate component
represents a serious methodological limitation. According
to the World Bank [7], spring wheat yields could decline
by 20-50% by 2050 without the implementation of ad-
aptation measures. The FAO notes that land degradation
threatens two-thirds of the country’s territory [6], and
Central Asian agriculture is subject to a “shock-recov-
ery-shock” cycle caused by alternating climatic and price
stresses [29]. Under these conditions, production and
resource indicators without climate stratification do not
allow for the accurate isolation of the contribution of in-
novations to changes in productivity.

A review by Markulis et al. [25], covering 120 PRIS-
MA-compliant publications, showed that standard DEA
models have low discriminatory power in the agricultur-
al sector and require modifications, the use of weighting
coefficients, accounting for undesirable outputs (environ-
mental externalities), and integration with the Malmquist
index to analyze productivity dynamics. A study published
in Frontiers in Earth Science [26] demonstrated that a
three-stage DEA with the Malmquist index allows for iso-
lating the influence of external factors on efficiency, as
confirmed by data from 16 cities in Anhui Province (Chi-
na). For Kazakhstan, with its pronounced agroclimatic dif-
ferentiation—from the arid steppes of Central Kazakhstan
to the irrigated foothills of the south—this modification
is particularly relevant. However, none of the studies in-
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cluded in the review tested the three-stage DEA on Ka-
zakhstani data, which determines the direction of future
research.

The smallest share of innovation-oriented approaches
in the sample (19.0%, 8 sources) is due not to a lack of
scientific interest in the problem, but to a fundamental
issue—the weakness of the statistical basis for innovation
activity in the agricultural sector. Semenov [23] proposes
a system of four indicator blocks (socio-economic, scien-
tific-technical, innovation, and policy), but notes signif-
icant difficulties in obtaining data at the regional level.
Taishikov et al. [28] confirm that the integration of insti-
tutional factors into the evaluation system is hampered
by the lack of systematized information. Karymsakova and
co-authors [10] identify a lack of innovation infrastructure,
dependence on imported technology, and limited access
to credit as systemic barriers, but do not propose quanti-
tative indicators for monitoring them.

This gap is particularly acute in the case of Kazakhstan.
The National Statistics Bureau publishes data on the inno-
vation activity of manufacturing enterprises, but sectoral
breakdowns for agriculture remain fragmented, R&D ex-
penditures in the agro-industrial complex are not system-
atically identified, and patent activity in the sector remains
low [3]. Innovative products account for only 1.8% of GDP,
and in the WIPO Global Innovation Index, the country
ranks 81st out of 132, placing it in the group with an inef-
ficient cost-to-outcome ratio [8].

Of the 11 studies on integrated approaches, 9 were pub-
lished after 2020 (Table 2), reflecting a marked paradigm
shift. *Bulletin of Eurasian Science* [24] demonstrates
the integration of financial, operational, innovation, and
ESG indicators into a unified assessment system. Perev-
oshchikova [33] proposes a comprehensive approach to
assessing the effectiveness of digitalization in the agro-in-
dustrial complex based on a synthesis of statistical and
expert methods. Akilzhanova et al. [27], analyzing panel
data for 21 regions of Kazakhstan for 2015-2024, show
that human capital, innovation, government support, and
export orientation are key factors in improving the effi-
ciency of the agricultural sector. Madiev and co-authors
[11] justify the key role of fgovernment regulation in the
innovative development of the agro-industrial complex
and the need to develop domestic agricultural machinery
manufacturing.

At the same time, none of the 11 studies by the inte-
grated group proposes a model specifically adapted to si-
multaneously account for the institutional characteristics
of Kazakhstan (JSC “AKK,” the Ken Dala program), its cli-
matic zones (from arid steppes to irrigated foothills), and
the sector’'s organizational and economic structure (large
agricultural holdings, medium-sized farms, and small-
scale private farms) [10, 11, 14]. This gap is the central
finding of the review.

The results of the critical analysis identified five key
gaps in existing methodological approaches and their
corresponding adaptation strategies, summarized in
Table 3.

The combination of the five identified gaps demon-
strates that the isolated application of any single group
of methodological approaches does not ensure a com-
prehensive assessment of the economic efficiency of in-
novative development within the agricultural sector of
Kazakhstan. Based on the identified gaps, a conceptual
framework for a four-level assessment adapted to the
conditions of Kazakhstan's agricultural sector is proposed
(Table 4). The novelty of the framework lies in the inte-
gration of a contextual level—combining institutional and
climatic factors—with standard assessment levels. The
framework’s modular architecture ensures its applicability
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to enterprises of various scales—from large agricultural addresses a specific finding of the review.
holdings to small-scale farms. Each level of the framework

Table 3 - Synthesis of findings, gaps in existing approaches, and directions for adaptation

group account for climate factors

wheat yields may decline by 20-50% by 2050

No. Key Findings Gap for the Agricultural Sector of Kazakhstan Direction for Adaptation
None of the 11 studies in the FE|Subsidies distort NPV/ROI; growth of state|Introduction of a subsidy adjustment
1 |group include adjustments for|support by +56% in 2024; inefficiency at 0.69- | coefficient; use of data from ACC
subsidies 0.92 tenge per 1 tenge of subsidies and KazAgroFinance
> Only 3 out of 12 studies in the PR|{80% of territory affected by degradation; | Stratification by agro-climatic zones;

application of drought indices

Three-stage DEA + Malmquist index;

data scarcity 1.8% of GDP

DEA requires modifications and has | Agro-climatic ~ heterogeneity;  lack  of A
3 ; ' use of microdata from the 2025
not been tested on Kazakhstan data | enterprise-level data agricultural census
IR indicators are the least|Innovation statistics in agriculture are|lInclusion of a digital innovation
4 |represented (19%); authors note|fragmented; share of innovative products is|block (ISR, ISL, GIS); expansion of

statistical reporting

Institutional factors

Paradigm shift (82% of IN studies
and structural

5 |after 2020); no model adapted for
Kazakhstan

features
households) are not considered

(ACC, KenDala), climate,

(agroholdings  vs Development of a four-level

framework with a contextual block

Note: compiled by the authors based on PRISMA review results.

The study’s findings have direct practical significance
for two groups of users. For agricultural enterprises, the
proposed conceptual framework enables the informed
selection of tools for evaluating innovative projects, tak-
ing into account the scale of operations, the agroclimatic

zone, and the form of government support received. It
is recommended to use a subsidiarity adjustment factor
when calculating NPV and ROI, as well as to stratify the
results by agroclimatic zones.

Table 4 - Conceptual framework for a multi-level assessment of the agricultural sector of Kazakhstan

Level Indicators

Data Sources Problem Addressed

|. Financial-economic profitability, liquidity

NPV, IRR, ROI adjusted for subsidies,

Distortion of financial
indicators due to
subsidies

Enterprise financial
statements, ACC,
KazAgroFinance

. Production-technological by agro-climatic zones, TFP, DEA

Malmquist index

Labor productivity, capital productivity
with depreciation coefficient, crop yields

€3p accounting for
climate factors and low
discriminatory power
of DEA

Bureau of National
Statistics, National

* Agricultural Census 2025

Ill. Innovation-digital capital renewal ratio, precision

agriculture, ISR, ISL, GIS

Share of innovative products, R&D,

Bureau of National
Statistics, Ministry of
Agriculture, FAO

Fragmentation of
agricultural innovation
statistics

IV. Contextual climatic zone, land degradation,

cooperation

Government support (KenDala), agro-

water availability, rural employment,

OECD, World Bank, FAO,
local administrations
(akimats)

Lack of an adapted
model for Kazakhstan's
conditions

Note: The framework is conceptual in nature and requires empirical validation. Compiled by the authors.

For government agencies, the framework can serve as
a methodological basis for evaluating the effectiveness of
state programs supporting the agro-industrial complex,
including the Ken Dala-1 and Ken Dala-2 lending pro-
grams, the Concept for the Development of the Agro-In-
dustrial Complex for 2021-2030, and the FAO-Kazakhstan
Partnership Program. In its 2025 report, the OECD explic-
itly recommends that Kazakhstan conduct periodic sec-
toral assessments to analyze the impact of support pro-
grams on innovation, competitiveness, and the situation
of beneficiaries [14]. Five priority areas have been iden-
tified: adaptation of methodological tools, introduction
of a subsidiarity adjustment factor into financial and eco-
nomic indicators, stratification of assessments by agro-
climatic zones taking into account the projected 20-50%
decline in crop yields by 2050 [7], the development of
specialized statistics on innovation activity in the agro-in-
dustrial complex based on data from the 2025 National
Agricultural Census [5], the differentiation of assessment
methodologies by the scale of economic entities, and the
inclusion of a module for evaluating the effectiveness of
digital innovations (precision agriculture, ISR, ISZ, GIS with
Al elements) [1, 33].

When interpreting the results, several limitations must

be taken into account. The search was conducted in three
languages (Russian, Kazakh, and English), which may have
resulted in the exclusion of relevant publications in oth-
er languages. The size of the final sample (42 sources) is
sufficient for a qualitative synthesis but does not allow for
a quantitative meta-analysis. The conceptual framework
has not undergone empirical validation and requires test-
ing on panel data from agricultural enterprises in Kazakh-
stan. Adapting the PRISMA protocol to economic analy-
sis involved replacing standard quality assessment scales
with the authors' assessment of methodological sound-
ness, which may reduce the formalization of the screening
procedure [34]. A range of data on the innovation activity
of agricultural enterprises in Kazakhstan is not available
in a systematized form, which led to the predominantly
qualitative nature of the analysis.

These limitations determine the directions for further
research: empirical testing of the conceptual framework
on panel data of agricultural enterprises in Kazakhstan us-
ing data from the 2025 National Agricultural Census, the
development of standardized criteria for evaluating the
quality of economic research for the purposes of PRISMA
reviews in the agricultural sector, and the creation of an
integrated information system for monitoring innovation
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activity in the agro-industrial complex using digital plat-
forms and data from development institutions.

CONCLUSION. A systematic review of the scientific
literature, conducted according to the adapted PRISMA
2020 protocol (187 identified sources, 42 included in the
final analysis), allowed for the classification of four groups
of methodological approaches to assessing the economic
efficiency of innovative development in agricultural en-
terprises: financial and economic (NPV, IRR, ROI), pro-
duction-resource-based (TFP, DEA, labor productivity),
innovation-outcome-based (share of innovative products,
R&D costs, patent activity), and integrated (multifactor in-
dices, BSC, DEA with the Malmquist index, ESG indicators).
It has been established that the greatest growth in pub-
lications (73% for 2020-2025) is attributed to integrated
approaches, indicating a paradigm shift from single-crite-
rion to multidimensional evaluation models.

It was found that the isolated application of any sin-
gle group does not ensure a comprehensive assessment
within the context of the agricultural sector of the Repub-
lic of Kazakhstan. Financial and economic methods are
systematically distorted by government subsidies (a 56%
increase in budgetary support in 2024); production and
resource indicators do not isolate the innovative contri-
bution from the influence of climatic factors; and innova-
tion-outcome indicators are limited by the fragmentary
nature of the statistical database (share of innovative
output in GDP—1.8%, 81st place in the Global Innovation
Index), and integrated methodologies are not adapted to
the institutional, climatic, and organizational conditions of
Kazakhstan.

A conceptual framework for a four-level assessment,
adapted to the conditions of Kazakhstan's agricultur-
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DIGITAL TRANSFORMATION OF PUBLIC SERVICES IN KAZAKHSTAN BASED ON DIGITAL

PUBLIC INFRASTRUCTURE
Amirova A.K.*'

"Astana IT University, Astana, Kazakhstan

ABSTRACT. The article examines the digital transformation of public services in Kazakhstan through the lens of Digital Public

Infrastructure (DPI) and citizen-centred project management. The purpose of the study is to develop a methodological justification
for modernising the issuance and replacement of the national identity card as a priority case for moving from e-government to a
proactive, secure and integrated digital state model. The methodology combines a review of international literature published in
2020-2026, analysis of regulatory and policy documents, a comparative review of Estonia’s experience, service mapping, a service
prioritisation matrix, and As-Is/To-Be process modelling. The originality of the study lies in integrating three analytical frameworks:
a whole-of-government approach, the DPI/GovStack architecture, and a cost/benefit matrix for selecting a digital transformation
quick win. The findings show that the national ID issuance and replacement service has high transformational potential, as it
relies on existing DPI components in Kazakhstan, including eGov.kz, eGov Mobile, digital identity, e-signature, payment services
and inter-agency data exchange. At the same time, sustainable impact requires legal and organisational safeguards: biometric
data governance, algorithmic audit, transparent logs, independent cybersecurity monitoring, preservation of alternative offline
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