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APPLICATION OF ARTIFICIAL INTELLIGENCE-ASSISTED ANALYTICAL
TOOLS FOR ASSESSING AND ENHANCING THE EFFECTIVENESS
OF GOVERNMENT PROGRAMS IN REGIONAL
DEVELOPMENT GOVERNANCE IN THE REPUBLIC OF KAZAKHSTAN

This paper examines the application of Al-assisted analytical tools in evaluating the effectiveness
of government regional development programs in the Republic of Kazakhstan. The study addresses the
limitations of conventional evaluation practices that focus primarily on budget execution and formal
performance indicators, providing limited insight into socio-economic effects under conditions of pro-
nounced interregional heterogeneity.

The objective is to assess the relationship between government program expenditures and gross
regional product (GRP) dynamics across regions, as well as to identify differences in program effective-
ness associated with regional characteristics. The analytical framework integrates panel econometric
methods with Al-assisted decision-support analytics designed to enhance the interpretation and practical
relevance of empirical results.

The study employs panel regression models with regional and time fixed effects using official re-
gional statistics for 2018-2024. Al-assisted tools are applied at the post-estimation stage to support
scenario-based analysis and explore regional differentiation in program outcomes.

The results indicate a positive but heterogeneous association between government programs and
regional economic growth, highlighting the role of institutional conditions, program design, and regional
economic structure beyond funding volumes alone. The paper contributes by proposing an integrated
econometric—Al evaluation framework that supports differentiated, evidence-based regional policy de-
sign under heterogeneous territorial conditions.

Keywords: government programs, regional development, panel data analysis, policy effectiveness,
Al-assisted analytics, scenario analysis, regional heterogeneity, Republic of Kazakhstan.
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KaszakcraH Pecny6AnkacbiHAQ BHipAIK AamMyAbl 6acKkapy XyieciHae
MeMAEKeTTIK 6aFAapAamManapAbIH, THIMAIAITIH 6aFaAay XKoHe apTTbIpy YLUiH
YKacaHAbI MHTEAAEKT KOMETiMeH XKy3ere acbIpblAaTbiH aHAAMTUKAABIK,
KYPaAAAPAbI KOAAQHY

Makanapa Kasakcran PecnybamkacbiHA@Fbl OHIPAIK AaMYAbIH MEMAEKETTIK HGaFAapAamMaAapbiHbiH,
TUIMAIAITIH 6aFaraysa >KacaHAbl MHTEAAEKTKE Heri3peAreH aHaAMTWMKAAbIK, KypaAsapAbl KOAAQHY
MaceAeCi KapacTbipblAaAbl. 3epTTEeYAIH ©3eKTIAIr KOAAAHbICTaFbl GaFaAay ToxKipubeAepiHiH HeriziHeH
BI0AXKETTIK OPbIHAAAYABI >K8HE (POPMaAbAbl HOTMXKEAIAIK KepCeTKillTePiH 6aKbIAQyMEH LLEKTEAYiHE
6arAaHbICTbl, OYA aliKblH ©HipapaAblK, 9PKEAKIAIK >KaFAalblHAQ HaKTbl SAEYMETTIK-3KOHOMMKAAbIK,
BCEPAEPAI TOAbIK alllyFa MYMKIHAIK 6epMernAi.

3epTTeyAiH MakcaTbl — MEMAEKEeTTIK 0arAapAamasap LbIFbIHAAPbI MEH OHIPAIK >KaAMbl ©HIM
(OXX6) anHamumKachl apacbiHAaFbl ©3apa 6anAaHbICTbl GaraAay, COHAAM-aK OHIPAIK epeklleAikTepre
GaAaHbICTbl GaFrAapAaMaAapAbiH  TUIMAIAITIHAETT  alMbIpMaLIbIALIKTAPAbI  aHbIKTay. AHAAUTMKAAbIK,
Heri3 naHeAbAiK 3KOHOMETPUSABIK, BAICTEPAI SMMUPUKAABIK, HOTUXKEAEPAIH, MHTEPMNPETALMSICBIH XKaHe
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KOAAQHbIAYbIH KyLIeTyre 6arblTTaAFaH >KaCaHAbl MHTEAAEKTKE HEri3AEAreH WweliM KabbiaaayAbl KOA-
Ady KypaAAapbiMeH GipikTipeaAi.

3eptTeyae 2018—2024 >XbIApAp apaAbIFbIHAAFbI PECMU BHIPAIK CTaTUCTMKA AepekTepi HerisiHae
OHIPAIK >KOHE yaKbITTbIK TyPaKTbl 8CEPAEPi 6ap MaHEeAbAIK PErpeccUsiAbIK MOAEAbAEP KOAAAHBIAAAbI.
YKacaHAbI MHTEAAEKT KypaAAapbl MocTOaraAay Ke3eHiHAE CLEHAPUIAIK TaaAay XKYPri3y >koHe OarAap-
AQMAAbIK, 8BCEPAEPAIH BHIPAIK CapaAaHybIH 3epTTey YLUiH NaiAaAaHbIAQADI.

HoaTuxxeaep MemMAeKkeTTiK 6aFAapAaMarap MEH OHIPAIK SKOHOMMKAABIK, ©CiM apacbiHAAFbl OH, aAait-
Aa SPKeAKi 6aAaHbICTbl KBPCETEAI KoHe OarAapAamManapAbiH TUIMAIAITT KapXKbIAAHABIPY KOAEMIMEH
KaTap MHCTUTYLMOHAAADBIK XKaFAarAapra, 6arAapAaMarapAblH, AM3aiHbIHA XKOHE BHIPAIK SKOHOMMKa-
HbIH KYPbIAbIMbIHA TOYEAAi eKeHiH alKbIHAAMADBI. 3epTTeYAIH FbIAbIMU YAECI OHIPAIK BPKEAKIAIK >KaF-
AalibIHAQ ABAEAA] XKOHE CapaAaHfaH OHIPAIK casicaTTbl KAAbINTACTbIPYFa MyMKIHAIK 6epeTiH 3KOHOMET-
PUSIABIK, )KOHE »KacaHAbl MHTEAAEKTKE HErisAeAreH MHTerpaumsAadrad 6arasay XKyMeciH ycbiHy GOAbIN
TabblAaADI.

Ty¥in ce3aep: MemMAEKeTTIK BaFAapAaManap, eHIPAIK AaMy, MaHEAbAIK AEPEKTEPAI Taasay, casicaTt
TUIMAIAITI, >KacaHAbl MHTEAAEKTKE HEri3AeAreH aHaAMTMKA, CLLEHAPUIMAIK TaAAQY, OHIPAIK BPKEeAKIAIK,
KasakcraH Pecnybamkachl.
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MpuMmeHeHHe aHAAMTUYECKUX MHCTPYMEHTOB C MCMOAb30BaHUEM
MCKYCCTBEHHOTO MHTEAAEKTA AASl OLLeHKW U NoBbilieHUs 3 (peKTUBHOCTH
rOCyAaQpCTBEHHbIX MPOrPaMm B CUCTEME YNPABAEHUSI PerMOHAAbHbIM Pa3BUTHEM
B Pecny6anke KasaxcraH

B cTatbe paccmaTprBaeTcs NpMMeHeHWe aHAAMTUYECKMX MHCTPYMEHTOB HA OCHOBE MCKYCCTBEHHO-
ro MHTEAAEKTA AAS OLEHKM 3(h(PEKTUBHOCTU rOCYAQPCTBEHHbIX MPOrPaMM PErMOHAAbHOIO Pa3BUTUS B
Pecny6amke KaszaxcrtaH. AKTYaAbHOCTb MCCAEAOBaAHMSI 00YCAOBAEHA OFPAHMUYEHHOCTBIO TPAAMLIMOHHBIX
MPaKTUK OLEHKM, KOTOPblE B OCHOBHOM COCPEAOTOUEHbI HA KOHTPOAE MCMOAHEHUs BroaxeTa u op-
MAAbHbIX MOKa3aTeAdX Pe3yAbTATUBHOCTU U1, BCAEACTBME 3TOrO, AAIOT OrpaHMYeHHOe NpeACTaBAeHMe
O COLMAAbHO-3KOHOMMYECKMX 3(heKTax B YCAOBUSIX BbIPAXKEHHON MEXXPErmoHaAbHOM HEOAHOPOAHO-
CTHU.

LleAb Mccaep0BaHMS 3aKAIOYAETCS B OLLEHKE B3aMMOCBS3M MEXKAY PacXoAaMu MO roCyAapCTBEH-
HbIM MporpaMmMamMm M AMHAMMKOWM BaAOBOrO PErMoHaAbHOro npoAykta (BPI1), a Takxke B BbiIBA€HUM
pasAnumMin B 3(p(heKTUBHOCTM NMPOrpamMm, 00YCAOBAEHHbBIX PErMOHAAbHBIMM OCOGEHHOCTAMM. AHAAUTU-
yeckast paMKa MHTErpupyeT naHeAbHble 3KOHOMETPUYECKME METOADBI C Al-OPMEHTUPOBAHHBIMW MHCTPY-
MEHTaMM MOAAEPXKKWN MPUHATUS PeLUeHN, HanpaBAEHHbIMM Ha MOBbILLEHWE MHTEPNPETUPYEMOCTU U
NMPaKTUYeCKOM 3HAUMMOCTM IMMUPUYECKMX PE3YAbTATOB.

B nccaepoBaHMM MCMOAB3YIOTCS MaHEAbHbIE PErPeCCUMOHHbIE MOAEAU C (DMKCMPOBAHHbBIMW PErmo-
HaAbHbIMW 1 BpeMeHHbIMM 3hhekTamm Ha OCHOBE O(OULIMAABHOM PErMOHAABHOM CTAaTUCTMKM 3a NMEPUOA,
2018-2024 rr. Al-accucTMpoBaHHbIE MHCTPYMEHTbI MPUMEHSIOTCS HA MOCTOLLEHOYHOM 3Tarne AAS NMpo-
BEAEHMS CLEHAPHOI O aHaAM3a M M3yYeHUs perMoHaAbHoOM AnddpepeHumanmm 3phekToB Nporpamm.

[NoAyyeHHble pe3yAbTaTbl YKa3blBAlOT Ha MOAOXXUTEAbHYIO, HO HEOAHOPOAHYIO CBS3b MEXAY ro-
CYAQPCTBEHHbIMW MPOrpamMMamMm U PermoHaAbHbIM 3KOHOMMYECKMM POCTOM, MOAYEPKMBAS 3HAYeHue
MHCTUTYLIMOHAAbHbIX YCAOBUI, AM3aHA NPOrpamMm M CTPYKTYPbl PEFMOHAABHOM 3KOHOMMKU HapsAy C
06bEMaMM prHaHCHMpoBaHUs. HayuHblil BKAQA CTaTbM COCTOUT B pa3paboTke MHTErpUpPOBaAHHOM 3KO-
HOMETPUYECKON 1 Al-OpUEHTMPOBAHHOM MOAEAM OLEHKM, COCOOCTBYIOLLEN (hOPMUPOBaHMIO AMdde-
PEHUMPOBAHHOM M AOKA3aTEAbHOW PErvOHaAbHOM MOAUTUMKM B YCAOBUSX TEPPUTOPUAABHOM HEOAHO-
POAHOCTU.

KAtoueBble cAOBa: rocyAapCTBEHHbIE MPOrpaMmbl, PErMOHAAbHOE Pa3BUTME, MAHEAbHbIM aHaAM3
AaHHbIX, 3(P(PEKTUBHOCTb MOAMTUKM, aHAAMTMKA Ha ocHOoBe M, cueHapHblii aHaAM3, permoHaAbHas
HEOAHOPOAHOCTb, Pecnybanka KasaxcraH.
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Introduction

Government programs for regional development
represent a key instrument of public policy in coun-
tries characterized by pronounced territorial hetero-
geneity. The Republic of Kazakhstan exemplifies
this challenge, as substantial differences in eco-
nomic development, investment activity, and em-
ployment across regions make policy effectiveness
highly dependent on the consideration of regional
specificities.

In practice, the evaluation of government pro-
grams remains largely focused on monitoring bud-
get execution and formal performance indicators,
providing limited insight into actual socio-economic
effects and regional variation in policy outcomes.
This creates risks of inefficient resource allocation
and unsustainable development trajectories.

While advances in panel econometric methods
have expanded opportunities for quantitative policy
evaluation, their application to regional develop-
ment programs with explicit consideration of inter-
regional heterogeneity remains limited. To address
this gap, this study assesses the association between
government program expenditures and regional eco-
nomic development in the Republic of Kazakhstan
using fixed-effects panel regression models.

To enhance interpretation and policy relevance,
the analysis integrates Al-assisted analytical tools at
the post-estimation stage, including scenario-based
(“what-if”) analysis commonly used in decision-
support systems. Artificial intelligence is treated as
a complementary analytical instrument rather than
an independent modeling framework, supporting
a transition from uniform, expenditure-driven ap-
proaches toward more flexible and evidence-based
regional development management.

Literature review

Artificial intelligence has become an increas-
ingly important component of analytical decision-
support systems in public administration, where it is
applied to policy analysis, socio-economic forecast-
ing, and the evaluation of alternative managerial de-
cisions. In regional development policy, data-driven
analytical tools are particularly valuable for captur-
ing heterogeneous regional responses and complex
interdependencies that are often insufficiently re-
flected in traditional evaluation approaches.

A substantial body of literature emphasizes the
limitations of uniform policy frameworks and sup-
ports the transition toward differentiated, place-

based development strategies. The place-based ap-
proach argues that public interventions are more
effective when aligned with regional socio-econom-
ic and institutional conditions rather than applied
uniformly across territories (Barca et al., 2012).
Empirical evidence further suggests that ignoring
regional heterogeneity weakens policy outcomes
and may exacerbate spatial inequalities (Rodriguez-
Pose, 2018).

Approaches to evaluating government pro-
grams have evolved from procedural monitoring
toward impact-oriented assessment. International
organizations note that reliance on budget execu-
tion and formal indicators provides limited informa-
tion about actual socio-economic effects (European
Commission, 2018). The OECD (2020) highlights
the importance of evaluation frameworks focused
on outcomes and medium-term effects rather than
administrative compliance, a view consistent with
earlier studies advocating a shift toward measurable
results and policy effectiveness.

Recent advances in data analytics have expand-
ed the methodological toolkit available for public
policy analysis. Empirical studies show that data-
centric approaches improve policy design and eval-
uation by identifying non-linear relationships and
heterogeneous effects (Foster et al., 2021; World
Bank, 2021). At the same time, the literature in-
creasingly treats artificial intelligence and machine
learning as complementary to econometric methods
rather than substitutes. Econometric models remain
central for causal inference and interpretability,
while Al-based tools enhance exploratory analysis
and predictive performance (Athey & Imbens, 2019;
Varian, 2019).

The application of artificial intelligence in pub-
lic sector governance is therefore framed as an aug-
mentation of analytical capacity rather than a re-
placement of human decision-making. Institutional
conditions and governance arrangements play a de-
cisive role in determining the effectiveness of digi-
tal tools. The OECD (2024) emphasizes that insti-
tutional capacity, organizational coordination, and
ethical standards are essential prerequisites for the
meaningful integration of Al into public administra-
tion. Similar conclusions are drawn in comparative
studies of public management reform, which stress
the importance of embedding digital innovations
within established administrative structures (Pollitt
& Bouckaert, 2017).

Research on government programs in Kazakh-
stan has produced descriptive analyses of regional
development outcomes and assessments of specific
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policy instruments. However, existing studies lack a
unified quantitative framework for systematic cross-
regional comparison of program effects (Nekra-
sov & Sinitsyna, 2017). Moreover, research on
the digital transformation of public administration
in Kazakhstan has largely focused on information
and monitoring systems, including digital models
for monitoring national programs, while analytical
evaluations of program effectiveness remain limited
(Asatova & Mazhiyeva, 2025; Uandykova et al.,
2025).

Overall, despite extensive research on region-
al development and public sector digitalization, a
methodological gap persists in studies that combine
quantitative program evaluation with Al-oriented
analytical tools while explicitly accounting for re-
gional heterogeneity. This study contributes to ad-
dressing this gap by integrating panel econometric
analysis with Al-assisted scenario modeling applied
to the regions of the Republic of Kazakhstan.

Methodology

Research Objective, Question, and Hypothesis

The objective of this study is to assess the im-
pact of government regional development programs
on the growth of gross regional product (GRP)
across the regions of the Republic of Kazakhstan.
The analysis aims to quantify the relationship be-
tween public program expenditures and regional
economic performance while explicitly accounting
for pronounced interregional heterogeneity.

The central research question is as follows: to
what extent and with what degree of stability are
government program expenditures associated with
regional economic growth across heterogeneous re-
gions?

The underlying hypothesis posits that the ef-
fectiveness of government programs is not uniform
across regions and depends not only on the scale of
public financing but also on differences in invest-
ment activity, labor market conditions, and insti-
tutional capacity. Consequently, identical policy
instruments may generate heterogeneous economic
outcomes across regions.

Empirical Base and Variables

The empirical analysis is based on a balanced
panel dataset covering the regions of the Republic
of Kazakhstan for the period 2018-2024. The data
are drawn from official statistics published by the
Bureau of National Statistics of the Republic of
Kazakhstan. The final dataset includes all regions
observed consistently over the study period, en-
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suring comparability of regional indicators over
time.

Administrative and territorial changes that oc-
curred during the analyzed period were addressed
through harmonization of regional boundaries, al-
lowing the construction of a consistent panel struc-
ture and avoiding artificial structural breaks.

The dependent variable is the growth rate of
gross regional product (GRP), which serves as an
aggregate indicator of regional economic dynam-
ics. The key explanatory variable is government
program expenditures expressed as a share of GRP,
reflecting the intensity of public policy intervention
at the regional level.

To control for regional economic conditions, the
model includes a set of standard control variables.
These comprise fixed capital investment as a share
of GRP, capturing investment intensity and capital
accumulation, and the employment rate, reflecting
labor market performance and utilization of human
resources.

Econometric Model

To estimate the relationship between govern-
ment programs and regional economic growth, a
panel regression model with regional and time fixed
effects is employed. This specification allows for
controlling unobserved, time-invariant regional
characteristics—such as institutional quality, histori-
cal development paths, and structural economic fea-
tures—as well as common macroeconomic shocks af-
fecting all regions. The baseline econometric model
is specified as follows:

GRP_growth,= p,+ B, ProgExp,,+
+ f, Invest,+ f; Employ,+ w,+ A+ ¢, (1)

where

GRP_growth,, denotes the growth rate of gross
regional product in region 7 at time ¢;

ProgExp, represents government program ex-
penditures as a share of GRP;

Invest;, denotes fixed capital investment as a
share of GRP;

Employ, represents the employment rate;

u; captures unobserved region-specific fixed ef-
fects;

A, denotes time fixed effects controlling for com-
mon macroeconomic factors;

&;, 1s the idiosyncratic error term.

A comparison between fixed effects and random
effects specifications was conducted. The results of
the Hausman test reject the null hypothesis of no
systematic difference between estimators, indicat-
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ing correlation between explanatory variables and
unobserved regional effects. Accordingly, the fixed
effects specification is preferred as it yields consis-
tent estimates under these conditions.

Standard errors are computed using clustering at
the regional level to account for potential heteroske-
dasticity and serial correlation within regions over
time.

In an extended specification, total government
program expenditures are disaggregated by policy
domain to assess potential differences in economic
effects across program categories.

Scenario Analysis and Al-Oriented Framework

To explore the potential effects of alternative
policy configurations, a scenario-based analytical
framework is applied. Scenario outcomes are de-
rived using estimated regression coefficients com-
bined with hypothetical changes in key explanatory
variables, expressed as:

AGRP=Y, B, AX, )

where £, denotes estimated parameters and AX;
represents scenario-specific changes in explanatory
variables.

Al-assisted analytical tools are employed at the
post-estimation stage to support interpretation of
scenario results and to identify patterns of regional
heterogeneity. In particular, these tools facilitate
structured comparison of alternative policy scenari-
0s, grouping of regions according to observed effec-
tiveness patterns, and assessment of differentiated
responses to changes in program parameters.

Importantly, artificial intelligence is not applied
as an autonomous predictive or machine-learning
framework. Instead, it functions as a transparent and
interpretable analytical decision-support layer, en-
hancing the policy relevance and practical usability
of econometric findings.

Robustness and Diagnostic Checks

Several diagnostic checks were conducted to
assess the reliability of the estimated models. Tests
for heteroskedasticity and serial correlation indicate
that potential deviations from classical assumptions
do not materially affect the estimated coefficients.
Sensitivity analyses using alternative model specifi-
cations and control variable sets confirm the stabil-
ity of the main results.

Methodological Limitations

Several methodological limitations should be
acknowledged. First, although the fixed-effects
framework mitigates bias arising from unobserved
time-invariant regional characteristics, it does not

fully eliminate potential endogeneity related to poli-
cy allocation decisions. In particular, reverse causal-
ity may arise if economically stronger regions are
more likely to attract higher levels of public funding.

Second, the analysis relies on aggregated re-
gional data, which limits the ability to capture
intra-regional variation and sector-specific dynam-
ics. Third, the scenario-based analysis represents
a structured “what-if” exercise based on estimated
associations and does not constitute a fully causal
framework.

Accordingly, the estimated coefficients should
be interpreted as stable empirical associations rather
than strict causal effects. Despite these limitations,
the proposed methodological framework provides a
coherent and empirically grounded approach for as-
sessing heterogeneous impacts of regional develop-
ment programs and supports evidence-based policy
analysis under real-world data constraints.

Results and discussion

Recent studies emphasize that the effectiveness
of regional development policies critically depends
on institutional quality, governance capacity, and
place-specific conditions rather than on funding
volumes alone (Crescenzi et al., 2023). Evidence-
based evaluation frameworks increasingly combine
econometric analysis with structured analytical tools
to support differentiated policy design and adaptive
program management under heterogeneous regional
conditions (OECD, 2023). These approaches are
consistent with the analytical strategy adopted in
this study.

This section reports the empirical results of the
analysis of socio-economic development across the
regions of the Republic of Kazakhstan for the pe-
riod 2018-2024 in the context of state regional de-
velopment programs. The discussion begins with a
descriptive assessment of regional data, which pro-
vides the empirical basis for subsequent economet-
ric and Al-assisted analysis.

Table 1 presents descriptive statistics for the
key socio-economic indicators. The results indicate
a high degree of interregional differentiation. Gross
regional product (GRP) and GRP per capita exhibit
substantial dispersion, reflecting pronounced difter-
ences in both the scale of economic activity and the
level of regional development. Similar patterns are
observed for investment and employment indica-
tors, suggesting the presence of structurally hetero-
geneous regional economies with unequal growth
potential.
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Table 1

Descriptive statistics of socio-economic indicators of the regions of the Republic of Kazakhstan (2018-2024)

Indicator Mean Minimum Maximum Standard deviation
GRP, billion KZT 9,840 2,310 29,450 6,120

GRP per capita, thousand KZT 6,540 3,120 14,870 2,980

GRP growth rate, % 4.2 -1.3 9.8 2.6

Fixed capital investment, % of GRP 18.5 9.7 324 6.1
Expenditures on state programs, % of GRP 6.1 2.4 11.6 23
Employment rate, % 64.3 56.1 72.8 4.1

Note: compiled by the author based on data from the Bureau of National Statistics of the Republic of Kazakhstan

The magnitude of territorial disparities is sub-
stantial. The difference between the minimum and
maximum values of GRP exceeds KZT 27 trillion,
indicating a strong concentration of economic activ-
ity in a limited number of regions. GRP per capita
varies by more than fourfold, pointing to pronounced
differences in productivity and income generation
that are not explained by short-term fluctuations.

Regional GRP growth rates range from nega-
tive values to nearly 10%, reflecting heterogeneous
growth dynamics and differing regional responses
to macroeconomic conditions and policy interven-
tions. Under such conditions, identical policy mea-
sures are unlikely to produce uniform outcomes
across regions.

Investment activity is also highly uneven. The
share of fixed capital investment ranges from 9.7%
to 32.4% of GRP, indicating unequal access to capi-
tal accumulation and development opportunities. Re-
gions with persistently low investment intensity face
structural constraints that limit their growth capacity.

Expenditures on state programs account for a
significant share of regional output, yet regions with
comparable levels of program financing often dem-
onstrate markedly different growth outcomes. This
pattern suggests that the relationship between public
spending and regional economic performance is not

Table 2
Effectiveness index of state regional development programs

proportional and depends on regional institutional
capacity and economic structure rather than on
funding volumes alone.

Employment rates display relatively lower dis-
persion compared with output and investment indi-
cators, indicating a degree of labor market stability.
Nevertheless, remaining differences reflect varia-
tion in labor utilization and sectoral composition
across regions.

Overall, the descriptive evidence confirms that
regional development in the Republic of Kazakh-
stan is characterized by deep structural heterogene-
ity. These findings justify the application of panel
econometric models that explicitly control for unob-
served regional characteristics and support the use
of complementary analytical tools aimed at identi-
fying differentiated program effects rather than as-
suming homogeneous policy impacts.

To further assess the outcomes of state regional
development programs, an aggregated program ef-
fectiveness index is constructed. Table 2 presents
an aggregated effectiveness index of state regional
development programs, constructed on the basis of
normalized indicators of GRP growth, investment
activity, and employment, and intended for interre-
gional comparison rather than as an absolute mea-
sure of program performance.

Indicator Mean Minimum Maximum Standard deviation
Program effectiveness index 0.63 0.28 0.87 0.15

GRP growth rate, % 4.2 -1.3 9.8 2.6

Fixed capital investment, % of GRP 18.5 9.7 324 6.1
Employment rate, % 64.3 56.1 72.8 4.1

Note: compiled by the author
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The distribution of the program effectiveness in-
dex indicates substantial interregional variation. In-
dex values range from 0.28 to 0.87, with a mean of
0.63, suggesting that the outcomes of state programs
differ markedly across regions. The magnitude of
dispersion implies that program performance cannot
be considered uniform, even under a common insti-
tutional and policy framework.

Importantly, the presence of regions with medium
or low index values despite relatively high levels of
program expenditures indicates that financial inputs
alone do not determine program success. This pattern
suggests differences in regional capacity to translate
public resources into economic outcomes, reflecting
variations in managerial quality, institutional condi-
tions, and the alignment of program instruments with
region-specific socio-economic structures.

The results further indicate that similar values of
the underlying indicators—such as investment inten-
sity or employment levels—may correspond to dif-

Table 3

ferent overall effectiveness scores, underscoring the
multidimensional nature of program performance.
As a result, the effectiveness index provides addi-
tional analytical insight beyond individual indica-
tors and highlights the limitations of evaluation ap-
proaches based solely on budget execution or single
outcome measures.

Overall, the evidence from Table 2 supports the
argument that the effectiveness of regional develop-
ment programs is conditioned by regional heteroge-
neity and institutional context. These findings pro-
vide a direct empirical motivation for the subsequent
econometric analysis, which explicitly controls for
unobserved regional characteristics and examines
differentiated program effects across regions.

Differences in gross value added (GVA) growth
attributable to state regional development programs
are assessed using panel regression estimates with
regional and time fixed effects. The results are re-
ported in Table 3.

Results of the assessment of the impact of state programs on GVA growth rates in the regions of the Republic of Kazakhstan

(2018-2024)

Variable Coefficient () t-statistic p-value
Expenditures under Program A (“Strong Regions — Drivers of National 0.08 121 0.23
Development”), % of GRP

Expenditures under Program B (“Business Roadmap-2025), % of GRP 0.19 2.34 0.02
Fixed capital investment, % of GRP 0.27 3.11 0.01
Employment rate, % 0.14 1.98 0.05
Constant -1.62 —1.44 0.15
Regional fixed effects Yes

Time effects Yes

R? (within) 0.41

Number of observations

119

Note: compiled by the author based on data from the Bureau of National Statistics of the Republic of Kazakhstan

The estimated coefficient for expenditures un-
der Program A is positive but not statistically sig-
nificant. This result indicates the absence of a robust
direct relationship between program financing and
regional GVA growth within the analyzed period.
The finding suggests that the economic effects of
Program A are either indirect, delayed, or insuffi-
ciently captured by aggregate output dynamics.

In contrast, expenditures under Program B dem-
onstrate a statistically significant positive associa-
tion with regional GVA growth. The magnitude and

significance of the coefficient indicate a more ef-
fective transmission of program resources into eco-
nomic outcomes. This result is consistent with the
program’s emphasis on entrepreneurship support,
business activity, and investment stimulation, which
are more directly linked to short- and medium-term
growth dynamics.

Among the control variables, fixed capital in-
vestment exhibits a stable and statistically signifi-
cant positive effect on GVA growth, confirming its
central role in regional economic expansion. The
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employment rate shows a positive effect at the con-
ventional significance threshold, suggesting that
labor market conditions contribute to growth, al-
though their impact appears less pronounced than
that of investment.

Overall, the regression results indicate that the ef-
fectiveness of state regional development programs
varies across policy instruments. Program outcomes
depend not only on the volume of public expendi-
tures but also on the design of program mechanisms
and their alignment with regional economic struc-
tures. These findings are consistent with the place-
based development perspective, which emphasizes
the importance of institutional and structural context
in determining policy effectiveness.

To enhance economic interpretation of the esti-
mated coefficients, it is important to clarify the prac-
tical meaning of changes in program expenditures.

Figure 1

A one-percentage-point increase in government
program expenditures corresponds to an increase in
spending equivalent to 1% of regional GRP. For a
region with an average GRP of approximately 10
trillion KZT, this implies an additional allocation of
about 100 billion KZT. Within this context, a co-
efficient of 0.19 indicates that such an increase in
program expenditures is associated with an increase
in regional GVA growth of approximately 0.19 per-
centage points, holding other factors constant. This
magnitude is economically meaningful when evalu-
ated against average regional growth rates and the
scale of public spending involved.

For clearer interpretation of the estimated coeffi-
cients, the regression results are summarized in Fig-
ure 1, which visualizes the relative effects of state
programs and control variables on regional GRP
growth.

Estimated effects of state programs and control factors on GRP growth rates of the regions of the Republic

of Kazakhstan

Employment level

Investment in fixed capital

Program B («Business Roadmap-2025»)

Pogram A («Strong Region-Drivers of
National Development»)

o

0,14

Note: compiled by the author based on data from the Bureau of National Statistics of the Republic of

Kazakhstan

The visualization confirms the patterns identi-
fied in Table 3. Program B demonstrates a noticeably
stronger and statistically meaningful association
with GRP growth compared to Program A, whose
estimated effect remains weak and statistically in-
significant. This contrast highlights differences in
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the economic transmission mechanisms embedded
in the two programs.

Control variables exhibit stable and economi-
cally interpretable effects. Fixed capital invest-
ment shows the largest positive contribution to
regional growth, while the employment rate dis-
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plays a more moderate influence. The relative po-
sitioning of coefficients in the figure underscores
that growth outcomes are driven by a combination
of investment dynamics, labor market conditions,
and program design rather than by public expen-
ditures alone.

Overall, Figure 1 reinforces the conclusion that
the effectiveness of state regional development
programs cannot be inferred from funding volumes
in isolation. Instead, program outcomes depend on
the alignment of policy instruments with regional

Figure 2

economic structures and implementation mecha-
nisms, providing a visual justification for differ-
entiated and context-sensitive regional policy ap-
proaches.

The relationship between the share of expendi-
tures on state programs and regional GRP growth
rates is illustrated in Figure 2. The figure comple-
ments the econometric results by providing a direct
visual assessment of how variations in program fi-
nancing are associated with regional economic dy-
namics.

Relationship between GRP growth rates and the share of expenditures on state programs in

the regions of the Republic of Kazakhstan

Program Spending and GRP Growth across Regions
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[ ]

GRP growth rate (%)

w
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4.0 4.5 5.0 5.5

6.0 6.5 7.0 1.5

Program spending (% of GRP)

Note: compiled by the author based on data from the Bureau of National Statistics of the
Republic of Kazakhstan using the Python software environment (Matplotlib library)

The distribution of observations in Figure 2 re-
veals substantial interregional dispersion of GRP
growth rates across comparable levels of program
expenditures. Regions with similar shares of state
program financing demonstrate markedly different
growth outcomes, indicating the absence of a stable
linear relationship between funding intensity and
economic performance.

To quantify this relationship, a linear correlation
coefficient was calculated. The estimated value (r =
0.35) indicates a moderately positive but weak asso-
ciation between the share of program expenditures

and GRP growth rates. This result suggests that
variations in program financing explain only a lim-
ited portion of regional growth differences, while
the majority of variation is driven by factors beyond
expenditure volumes.

The observed pattern is consistent with the panel
regression results and reinforces the conclusion that
program effectiveness is conditioned by regional
heterogeneity. Institutional quality, economic struc-
ture, and governance capacity appear to play a more
decisive role in shaping growth outcomes than fund-
ing levels alone.
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Building on these findings, regions were clas-
sified according to their levels of program effec-
tiveness, which enabled the implementation of
Al-oriented scenario modeling explicitly account-
ing for regional differences. The scenario analysis
indicates that identical changes in program expen-
ditures generate heterogeneous economic effects.
Regions with high program effectiveness exhibit a
pronounced growth response when increased fund-
ing is combined with investment activity. Regions
with moderate effectiveness show weaker responses
and require complementary institutional or invest-
ment measures. In regions with low effectiveness,
isolated increases in program expenditures produce
only marginal growth effects.

Overall, the analysis presented in Figure 2 high-
lights the context-dependent nature of state program
impacts. Program effectiveness is determined not
solely by the scale of public financing, but by the
capacity of regional economies and institutional
environments to transform program resources into
measurable economic outcomes.

Within the Al-assisted analytical framework,
regions are compared based on their estimated
program effectiveness and structural characteris-
tics. This enables identification of heterogeneous
response patterns and supports differentiation of
scenario outcomes across groups of regions with
similar economic profiles. Such analytical structur-
ing improves the practical usability of econometric
results for policy design and program adjustment.

Within the scenario analysis framework, three
conditional scenarios of state program implementa-
tion are considered: baseline, moderately optimis-
tic, and constrained. The scenarios are designed to
examine how alternative combinations of program
expenditures, investment activity, and employment
conditions affect regional GRP growth. The results
of the Al-oriented scenario modeling are presented
in Table 4.

The baseline scenario serves as a reference point
and reflects unchanged policy and economic condi-
tions. Under this scenario, no additional contribu-
tion to GRP growth is observed.

Table 4

Results of Al-oriented scenario modeling of the impact of state programs on GRP growth rates in the regions of the Republic of

Kazakhstan
Scenario Change in Program B Change in investment, Change in employment Estimated effect on

expenditures, p.p. of GRP p.p. of GRP rate, p.p. GRP growth rates, p.p.

Baseline 0.0 0.0 0.0 0.00
Moderately optimistic +1.0 +1.0 +0.5 +0.53
Constrained +1.0 0.0 0.0 +0.19

Note: Scenario-based estimates are calculated using the coefficients of the panel regression model (see Table 3). Estimated effects
represent linear combinations of regression coefficients under hypothetical changes in scenario parameters. The Al-oriented nature
of the analysis reflects the application of “what-if” scenario logic to compare alternative development trajectories

The moderately optimistic scenario generates
an increase in GRP growth rates of 0.53 percentage
points. The largest contribution is associated with
higher investment activity, which accounts for 0.27
percentage points of the total effect. Program expen-
ditures and employment improvements contribute
0.19 and 0.07 percentage points, respectively. In rel-
ative terms, this corresponds to an increase in aver-
age annual GRP growth of approximately 12—-13%
compared to the mean growth rate over the analyzed
period. The result indicates that program financing
yields substantially stronger effects when accompa-
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nied by favorable investment and labor market dy-
namics.

In contrast, the constrained scenario produces a
markedly smaller effect of 0.19 percentage points.
Despite an identical increase in program expendi-
tures, the absence of complementary investment
and employment responses limits the overall growth
impact. This outcome highlights the restricted ef-
fectiveness of isolated increases in program funding
and underscores the role of the broader economic
environment in shaping policy outcomes.

Overall, the scenario analysis confirms the con-
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text-dependent nature of state program impacts. The
effectiveness of regional development programs is
determined not only by changes in funding volumes
but also by the capacity of regional economies to
support investment expansion and labor market ad-
justment. These findings reinforce the conclusion

Figure 3

that differentiated and coordinated policy measures
are required to achieve ycToiiunBbIe SKOHOMUIECCKIE
3¢ dekThI across regions.

To facilitate interpretation of the scenario-based
estimates, the results of the Al-oriented modeling
are summarized graphically in Figure 3.

Scenario effects of state regional development programs (Al-oriented modeling)

0,6
0,5
0,4
0,3
0,2
0,1 0

0

Baseline

H Baseline

Moderately optimistic

B Moderately optimistic

Constrained

H Constrained

Note: The figure presents estimated changes in GRP growth rates under alternative scenarios,
calculated as linear combinations of the panel regression coefficients (see Table 3) within a “what-

if” analysis framework

The visualization highlights the differences in
growth effects across scenarios and confirms the
non-linear response of regional economies to chang-
es in program parameters. The moderately optimis-
tic scenario produces a substantially larger increase
in GRP growth compared with the constrained sce-
nario, despite identical increases in program expen-
ditures. This contrast illustrates the role of comple-
mentary factors—particularly investment activity and
labor market conditions—in amplifying the economic
effects of state programs.

Within this study, artificial intelligence func-
tions as an analytical layer linking econometric
estimates with managerial decision-making. Al-
oriented analysis is used to structure and compare
alternative scenarios, assess regional heterogene-
ity, and support the interpretation of model results.
Importantly, Al is not employed as a substitute for
econometric modeling but as an instrument for ex-
tending its analytical and practical applicability
within decision support systems.

The results demonstrate that identical policy
interventions may generate substantially different
outcomes depending on regional conditions. This
finding supports a transition from uniform pro-
gram implementation toward an adaptive model

of regional development management, in which
program parameters are adjusted according to re-
gional characteristics and expected response pat-
terns.

Several limitations should be considered when
interpreting the results.

First, the panel regression framework with re-
gional and time fixed effects controls for time-in-
variant regional characteristics and common mac-
roeconomic shocks but does not fully eliminate
potential endogeneity of program expenditures. In
particular, reverse causality cannot be excluded, as
economically stronger regions may be more capable
of attracting budgetary resources. Accordingly, the
estimated coefficients should be interpreted as sta-
ble empirical associations rather than strict causal
effects.

Second, the model specification does not em-
ploy instrumental variables or quasi-experimental
identification strategies, such as difference-in-dif-
ferences or regression discontinuity designs. This
choice is o0ycnoBnen by data availability and the
primary objective of the study, which is compara-
tive evaluation and identification of heterogeneous
program effects rather than causal identification in a
narrow methodological sense.

111



Application of artificial intelligence—assisted analytical tools for assessing and enhancing the effectiveness...

Third, the Al-oriented scenario analysis is im-
plemented as a “what-if” exercise based on esti-
mated coefficients. While this approach allows for
systematic comparison of alternative trajectories, it
does not constitute a forecast and does not account
for potential structural or institutional shifts beyond
the scope of the considered scenarios.

In addition, the use of aggregated regional data
limits the ability to capture intra-regional varia-
tion and sector-specific dynamics. Further research
based on more disaggregated data and causal meth-
ods could provide a more detailed assessment of
program effectiveness.

The results have direct implications for the de-
sign and adjustment of state regional development
policy in the Republic of Kazakhstan. Empirical evi-
dence consistently indicates that a uniform approach
to program implementation does not yield compa-
rable socio-economic outcomes across regions.

For regions with high program effectiveness, an
intensification strategy is appropriate. Scaling up
well-performing program mechanisms, particularly
those supporting investment and entrepreneurial ac-
tivity, can generate sustained growth without sub-
stantial institutional restructuring.

Regions with moderate program effectiveness
require a combined policy approach. In these re-
gions, increases in program funding should be com-
plemented by measures aimed at improving insti-
tutional capacity, investment conditions, and labor
market performance. Coordinated policy packages
yield higher returns than isolated budgetary expan-
sion.

In regions with low program effectiveness,
standard program instruments demonstrate limited
impact in the absence of supportive structural con-
ditions. Policy priorities should focus on institu-
tional development, human capital formation, and
improvements in regional governance. Program fi-
nancing is more likely to generate meaningful eco-
nomic effects once foundational institutional condi-
tions are strengthened.

Overall, the integration of econometric analy-
sis with Al-oriented scenario modeling enables a
shift from ex post program evaluation toward pro-
active and differentiated policy management. This
approach strengthens the analytical basis for deci-
sion-making, supports targeted budget allocation,
and reduces the risk of inefficient use of public re-
sources. The proposed framework may be applied
by public authorities and analytical units in the
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evaluation and adjustment of regional development
programs and can serve as a foundation for the de-
velopment of decision support systems in regional
policy.

The econometric results and Al-oriented scenar-
io modeling consistently indicate that government
programs in the Republic of Kazakhstan are posi-
tively associated with regional economic growth,
while the magnitude of this association varies sub-
stantially across regions. Program effectiveness is
shaped not only by the scale of public financing but
also by program design, investment transmission
mechanisms, labor market conditions, and regional
institutional capacity.

These findings challenge the effectiveness of
uniform, resource-based regional policy approach-
es. Structural and institutional heterogeneity implies
that identical policy instruments may generate dif-
ferentiated outcomes even within a common nation-
al framework.

In this context, Al-oriented scenario analysis
complements econometric evidence by providing
a structured framework for assessing alternative
policy configurations under heterogeneous regional
conditions. Although the analysis does not aim at
strict causal identification, it supports evidence-
based decision-making by explicitly incorporating
regional diversity into the evaluation of state devel-
opment programs.

Building on the limitations of the present analy-
sis, future research may extend the proposed frame-
work through instrumental variable approaches or
quasi-experimental designs, such as difference-in-
differences, as well as through the use of more dis-
aggregated data and machine learning techniques to
explore non-linear and interaction effects.

Conclusion

This study provides an empirical assessment of
the relationship between government regional de-
velopment programs and socio-economic dynamics
across the regions of the Republic of Kazakhstan
during 2018-2024. The results demonstrate that
program effectiveness is heterogeneous and cannot
be explained by funding volumes alone, but depends
on program design and regional economic and insti-
tutional conditions.

Taken together, the findings indicate that uni-
form, one-size-fits-all approaches to regional devel-
opment policy are insufficient under conditions of
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pronounced territorial heterogeneity. More effec-
tive policy design requires differentiated program
instruments and adaptive implementation strategies
aligned with region-specific contexts.

From a methodological perspective, the integra-
tion of panel econometric analysis with Al-assisted
scenario modeling enhances the assessment of re-
gional diversity and supports informed managerial
decision-making. Overall, this study introduces an
integrated econometric—Al decision-support frame-
work that advances evidence-based and regionally
differentiated management of government develop-
ment programs.

Funding

This research is funded by the Science Com-
mittee of the Ministry of Science and Higher Ed-
ucation of the Republic of Kazakhstan (Grant
No.AP32722285)

Conflict of Interest

The authors declare that there are no conflicts of
interest that could have influenced the results of the
study or their interpretation.

Author Contributions

GZh.D: contributed to the development of the
research concept, the substantiation of the method-
ological approach, the supervision of the scientific
logic of the article, and the critical revision of the
manuscript.

AOO: developed the research design, system-
atized the statistical materials, prepared the main
analytical part of the article, interpreted the empiri-
cal results, and coordinated the preparation of the
final manuscript.

AKB: conducted the literature review, partici-
pated in data processing, prepared tables and graphi-
cal materials, and contributed to the interpretation
of regional development indicators and econometric
results.

VNS: contributed to the analysis of the manage-
rial and applied implications of the study, refined the
discussion and conclusion sections, checked the co-
herence of the theoretical and empirical arguments,
and participated in the final editing of the article.

All authors discussed the research results, re-
viewed the final version of the manuscript, and ap-
proved its submission to the journal.

References

Asatova, N. S., & Mazhiyeva, G. (2025). Public finance management using artificial intelligence. Journal of Economic Research
& Business Administration, 153(3), 130—144. https://doi.org/10.26577/be202515339

Athey, S., & Imbens, G. (2019). Machine learning methods that economists should know about. Annual Review of Economics,
11, 685-725. https://doi.org/10.1146/annurev-economics-080217-053433

Barca, F., McCann, P., & Rodriguez-Pose, A. (2012). The case for regional development intervention: Place-based versus place-
neutral approaches. Journal of Regional Science, 52(1), 134—152. https://doi.org/10.1111/j.1467-9787.2011.00756.x

Crescenzi, R., Di Cataldo, M., & Rodriguez-Pose, A. (2023). Government quality, place-based policies and regional develop-
ment. Journal of Economic Geography, 23(2), 259-286. https://doi.org/10.1093/jeg/Ibac048

European Commission. (2018). Better regulation guidelines. Publications Office of the European Union. https://commission.

europa.eu/system/files/2021-11/swd2021 305_en.pdf

Foster, 1., Ghani, R., Jarmin, R., Kreuter, F., & Lane, J. (2021). Big data and social science: Data science methods and tools for
research and practice. CRC Press. https://doi.org/10.1201/9780429324383
OECD. (2020). Policy evaluation in the public sector. OECD Publishing. https://www.oecd.org/en/publications/improving-

governance-with-policy-evaluation_89b1577d-en.html

OECD. (2023). Improving regional development policy through evidence-based evaluation. Paris: OECD Publishing. https://
www.oecd.org/en/about/projects/implementing-the-oecd-recommendation-on-regional-development-policy-toolkit.html

OECD. (2024). Governing with artificial intelligence: Trends, challenges and opportunities for public sector use. OECD Pub-
lishing. https://www.oecd.org/en/publications/governing-with-artificial-intelligence 795de142-en.html

Pollitt, C., & Bouckaert, G. (2017). Public management reform: A comparative analysis. Oxford University Press. https://doi.

0rg/10.1093/0s0/9780199268481.001.0001

Rodriguez-Pose, A. (2018). The revenge of the places that don’t matter (and what to do about it). Cambridge Journal of Regions,
Economy and Society, 11(1), 189-209. https://doi.org/10.1093/cjres/rsx024

Uandykova, M., et al. (2025). Digital model for monitoring national programs: The Kazakhstan experience. Frontiers in Artifi-
cial Intelligence, 8, Article 1656329. https://doi.org/10.3389/1rai.2025.1656329

Varian, H. R. (2019). Artificial intelligence, economics, and industrial organization. In Economics of artificial intelligence(pp.

399-419). University of Chicago Press.

World Bank. (2021). Data for better governance: The role of analytics in public policy. World Bank Publications. Ccpuika
Bureau of National Statistics of the Republic of Kazakhstan. (2018-2024). Social and economic indicators of the regions of the
Republic of Kazakhstan. Available at: https:/stat.gov.kz (accessed 12 December 2025).

113



Application of artificial intelligence—assisted analytical tools for assessing and enhancing the effectiveness...

Bureau of National Statistics of the Republic of Kazakhstan. (2025). Gross regional product of the regions of the Republic of
Kazakhstan. Available at: https://stat.gov.kz (accessed 13 December 2025).

Hexpacos, A. I'., & CunnnsiHa, A. C. (2017). TpaHCTIOPTHO-IOTHCTHYECKHE CHCTEMBI HOBOTO ITOKOJICHHS B LU(POBOI
skoHOMuKe. Cuna cucmem, 3(4), 11-23. mypsicsl

References

Asatova, N. S., & Mazhiyeva, G. (2025). Public finance management using artificial intelligence. Journal of Economic Research
& Business Administration, 153(3), 130—144. https://doi.org/10.26577/be202515339

Athey, S., & Imbens, G. (2019). Machine learning methods that economists should know about. Annual Review of Economics,
11, 685-725. https://doi.org/10.1146/annurev-economics-080217-053433

Barca, F., McCann, P., & Rodriguez-Pose, A. (2012). The case for regional development intervention: Place-based versus place-
neutral approaches. Journal of Regional Science, 52(1), 134—152. https://doi.org/10.1111/j.1467-9787.2011.00756.x

Crescenzi, R., Di Cataldo, M., & Rodriguez-Pose, A. (2023). Government quality, place-based policies and regional develop-
ment. Journal of Economic Geography, 23(2), 259-286. https://doi.org/10.1093/jeg/lbac048

European Commission. (2018). Better regulation guidelines. Publications Office of the European Union. https://commission.
europa.eu/system/files/2021-11/swd2021_305_en.pdf

Foster, 1., Ghani, R., Jarmin, R., Kreuter, F., & Lane, J. (2021). Big data and social science: Data science methods and tools for
research and practice. CRC Press. https://doi.org/10.1201/9780429324383

OECD. (2020). Policy evaluation in the public sector. OECD Publishing. https://www.oecd.org/en/publications/improving-
governance-with-policy-evaluation 89b1577d-en.html

OECD. (2023). Improving regional development policy through evidence-based evaluation. Paris: OECD Publishing. https://
www.oecd.org/en/about/projects/implementing-the-oecd-recommendation-on-regional-development-policy-toolkit.html

OECD. (2024). Governing with artificial intelligence: Trends, challenges and opportunities for public sector use. OECD Pub-
lishing. https://www.oecd.org/en/publications/governing-with-artificial-intelligence 795de142-en.html

Pollitt, C., & Bouckaert, G. (2017). Public management reform: A comparative analysis. Oxford University Press. https://doi.
0rg/10.1093/0s0/9780199268481.001.0001

Rodriguez-Pose, A. (2018). The revenge of the places that don’t matter (and what to do about it). Cambridge Journal of Regions,
Economy and Society, 11(1), 189-209. https://doi.org/10.1093/cjres/rsx024

Uandykova, M., et al. (2025). Digital model for monitoring national programs: The Kazakhstan experience. Frontiers in Artifi-
cial Intelligence, 8, Article 1656329. https://doi.org/10.3389/frai.2025.1656329

Varian, H. R. (2019). Artificial intelligence, economics, and industrial organization. In Economics of artificial intelligence(pp.
399-419). University of Chicago Press.

World Bank. (2021). Data for better governance: The role of analytics in public policy. World Bank Publications. https://
wdr2021.worldbank.org/

Bureau of National Statistics of the Republic of Kazakhstan. (2018-2024). Social and economic indicators of the regions of the
Republic of Kazakhstan. Available at: https://stat.gov.kz (accessed 12 December 2025).

Bureau of National Statistics of the Republic of Kazakhstan. (2025). Gross regional product of the regions of the Republic of
Kazakhstan. Available at: https://stat.gov.kz (accessed 13 December 2025).

Nekrasov, A. G., & Sinitsyna, A. S. (2017). Transportno-logisticheskie sistemy novogo pokoleniya v tsifrovoy ekonomike
[New-generation transport and logistics systems in the digital economy]. Sila Sistem, 3(4), 11-23.

Information about the authors:

Doskeyeva Gulashar Zharmagambetovna — doctor of economic sciences, professor at the School of Law and Public Administra-
tion, Narxoz University (Almaty, Kazakhstan, e-mail: gulashar.doskeeva@narxoz.kz).

Ongdash Ainur Ongdashkyzy — PhD, Associate Professor at the School of Law and Public Administration, Narxoz University
(Almaty, Kazakhstan, e-mail: ainur.ongdash@narxoz.kz ).

Boranbayeva Ainur Kanatovna — PhD, Senior Lecturer at the Department of Finance and Accounting, Higher School of Eco-
nomics and Business, Al-Farabi Kazakh National University (Almaty, Kazakhstan, e-mail: boranbaeva7777@gmail.com ).

Vilena Nurgalievna Seitova — PhD, Associate Professor of the Department of Economic Theory, Higher School of Business and
Management, M. Auezov South Kazakhstan University (Shymkent, Kazakhstan, e-mail: Vilena 11@mail.ru ).

Aemopnap mypanvt manimem:

Hockeesa I'ynawap Kapmazambemybizvl — 9KOHOMUKA 2bIIbIMOGPLIHLIY O0KMOopbl, KyKuik dcone memaekemmik backapy
Mmexmebiniy npogeccopul, Hapxosz ynusepcumemi (Animamol, Kazaxcman, e-mail: gulashar.doskeeva@narxoz.kz).

Oyoaw Auinyp Onoawxvizel — PhD, Kykeix ocone memnexemmix dackapy mexmeOiniy KaybiMOAcmulpblicai npogeccopbl,
Hapxo3z ynusepcumemi (Aamamei, Kazaxcman, e-mail: ainur.ongdash@narxoz.kz).

bopanbaesa Aunyp Kanamruviser — PhD ooxmopwi, «Kapowcvl dcone eceny xagedpacviHvly aea oKblmyuibicbl, IKOHOMUKA
Jicone busnec dcozapel mekme6i, On-Papabu amvinoacsl Kasax yimmoix ynueepcumemi (Armamol, Kazaxcman, e-mail: boran-
baeva7777@gmail.com).

114



G.Zh. Doskeyeva et al.

Ceumosa Bunena Hypeanuesna — PhD, busnec oicone 6ackapy mexmebi, ODKOHOMUKATLIK Meopusi KapeopacbliHbly
Kayvimoacmuipvlizan npogeccopul, M. Byez06 amvindazvl Oymycmik Kazaxcman ynueepcumemi (Llvivmkenm, Kazaxcman, e-mail:
Vilena_11@mail.ru).

Ceeodenus 006 agmopax:

Hockeesa ['viawap JKapmacambemosna — 00Kmop 5KOHOMUUecKux Hayk, npogheccop Illkonvi npasa u cocyoapcmeennozo
ynpasnenusi, Yuusepcumem Hapxosz (Aimamol, Kazaxcman, e-mail: gulashar.doskeeva@narxoz.kz).

Onoaw Aiinyp Onoawrwvizel — PhD, accoyuuposannwtii npogeccop ILlkonvl npasa u 2ocyoapcmeennozo ynpagienus,
Yuusepcumem Hapxos (Aimamel, Kazaxcman, e-mail: ainur.ongdash@narxoz.kz).

bopanbaesa Aiinyp Kanamosna — ookmop PhD, cmapwuii npenodasamens kagheopuvl « Qunancvl u yuemy, Bvicuwas wxona
oKOHOMUKU U OusHeca, Kazaxckui nayuonanvnulii ynusepcumem umenu Ano-@apabu (Aamamei, Kazaxcman, e-mail: boranbae-
va7777@gmail.com).

Ceumosa Bunena Hypeanueena — PhD, accoyuupoeannbviii npogeccop xagpedpvl skoHOMUuecKkol meopuu, Buicuiell wkonvl
Busneca u ynpasnenus, FOxcno-Kazaxcmanckuii ynusepcumem um. M. Ayszosa (Llviuxkenm, Kazaxcman, e-mail: Vilena_11@mail.
ru).

Received: 30 December 2025
Accepted: 20 June 2026

115



