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ABSTRACT

Women's participation in the information and communication
technology (hereinafter - ICT) sector It is increasingly seen as an
essential element of inclusive digital transformation. This study
examines the impact of digitalization and gender-related indicators on
regional economic growth and evaluates whether women’s
participation in ICT contributes to more inclusive development
patterns. The analysis is based on a balanced panel dataset of 16
regions for the period 2010-2024. A pooled OLS model, a two-way
fixed effects specification, and robustness checks with clustered
heteroskedasticity-robust standard errors are employed. Estimates of
the two-factor model of fixed effects show that the wage level is the
most stable determinant of regional economic growth (B = 1.330; p <
0.001), while investments in fixed assets retain marginal statistical
significance (B = 0.126; p = 0.060). The human capital index shows a
statistically significant negative internal effect (p < 0.001), while
indicators of digitalization and gender variables turn out to be
statistically insignificant. The results show that digitalization indicators
and gender variables do not have a statistically significant intraregional
impact on the gross regional product after taking into account regional
and temporary fixed effects. At the same time, investments in fixed
assets and wages are the most stable determinants of regional growth.
Cluster analysis revealed four models of regional development —
digital-service, industrial, agricultural and resource, which confirms the
structural heterogeneity. The results show that digitalization by itself
does not guarantee inclusive growth, and its economic effects are
mediated by structural factors.
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ounengepain AKT canacbiHa KaTbICYbl YX9HE OHip/ik AaMy:
TYPaKTbl dcepnepaiH eki hakTopnbl Moaeni

KapauoHnu .2*, Omxebaesa I'.5*

a0bypa YHueepcuteTi, byganewT, BeHrpus
SAnMaThl MeHemkMeHT YHuBepcuTeTi, AnMatsl, KasakcraH

TYUIH

OienaepaiH aknapaTTblK-KOMMYHUKaUMSIAbIK TexHonorusnap (byaaH api
— AKT) ceKTopblHa KaTbICybl UHKMIO3MBTI LMMPAbIK TpaHCHOopMaLUsHbIH
MaHbI34bl  2NeMeHTi  peTiHae Xui  KapacTelpblnyda. 3epTreyae
undpnaHabIpy XaHe reHaepnik KepceTKiluTepaiH eHip/iK SKOHOMUKAsbIK,
ecyre blkmanbl TanaaHbin, AKT canacbiHAarbl oMenaepaiH  KaTbiCybl
HEeFYpnbIM WHKSO3UBTI AaMy YArinepiHiH KanbinTacyblHa biKnan ete Me
pereH macene 6GaranaHagbl. Tangay 2010-2024 oK. apasnbiFblHAAFbI
KasakcTaHHblH, 16 6eHipi 6oWblHILIA TEHrepinreH naHenbAik AepekTepre
HerizgenreH. Pooled OLS mogeni, eki dakTopnbl TypakThl acepnep (Two-
way Fixed Effects) mopeni »oHe rerepockefacTuKasblkka OPHbIKTHI,
KfacTepiieHreH CTaHAapTTel KaTtenep Kongawbingbl. Eki  dakTopibl
TYpaKTbl acepriep MoAeniHiH 6aranaynapbl Xanakbl AeHreniHiH eHipnik
3KOHOMMKanbIK 6CY/AiH €H TYpaKTbl AeTEPMUHAHTbLI eKeHiH kepceTesi (B =
1.330; p < 0.001), an Heri3ri KanuTanFa WHBECTUUMSANAP LUEKTI
CTaTUCTUKaNbIK MaHAiNikTi cakTanabl (B = 0.126; p = 0.060). Anam
KanuTasnbl KepceTKilwi CTaTUCTUKANbIK TYPFbIAAH MBHAI Tepic ilKieHipnik
acepai kepceteai (p < 0.001), an undpnaHablpy MHAMKaTOpnapbl MeH
reHaepnik aHbIManbliap CTaTUCTUKANbIK TYPFblAaH MaHAI eMec 6onbin
Tabbinagbl.HaTxenep undpnaHabipy KepceTKilTepi MeH reHaepnik
aviHbIManbinapablH  OHIpAiK  X3He YaKbITThbIK TypakTbl acepnepgi
€CKEepreHHeH KeWiH >annbl 6Hipnik eHiMre CcTaTUCTUKanblK MaHAj
ilWwKieHipnik blknan eTnenTiHiH kepceTedi. COHbIMEH KaTap, Herisri
KanuTanFa WMHBECTUUMSNAp MEeH >Xasakbl AeHreii eHipnik ecydiH eH
TYpaKTbl AETEPMUHaHTTapbl peTiHae alkbiHAanaabl. Knacrepnik Ttangay
OHipniKk gamMyablH TepT MoAaeniH — UudprblK-KbIBMET  KOPCETY,
WHAYCTPUANBIK, arpapnblk XSHe pecypCTblK — aHbIKTamn, KypbUibiMAbIK
reTeporeHaikTi pactangbl. AfblHFaH HaTVkenep uudpraHablpyablH 63
WHKIO3UBTI ©CyAi aBTOMaTTbl TypAe KaMTaMachkl3 €TNenTiHiH, an OHbIH
3KOHOMMKAnbIK ocepnepi  KypbinbiMAbIK (hakTopnap apKbUibl XXy3ere
acaTblHbIH KepceTesi.
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Yyactne weHumH B MUKT m pernmoHanbHoe pa3Butue:

AByxdaKkTopHasa Moaenb (pMKCMpPoBaHHbIX 3¢ eKkToB

Kapauonu I.2*, Omxkebaesa I'.6*

aYHuBepcuTeT Obyaa, bynanewT, BeHrpus
SANMaTUHCKMIA YHUBEPCUTET MeHemMXMeHTa, AnMaThl, KasaxcTaH

AHHOTALUMUA

Yyactve >KeHWMH B CekTope WHMOOPMALMOHHO-KOMMYHMUKALMOHHBIX
TexHonoruit (aanee — MKT) Bce yalle paccMaTpuMBAETCS KakK BaXKHEMLIWA
3NEMEHT WHKIIIO3MBHOM LMdpoBOM TpaHcdopMauun. B uccnepoBaHum
aHanM3upyeTcs BAMSHME LMPOBU3ALIMM U FEHAEPHBIX MoKasaTenen Ha
pErvoHanbHbIi  3KOHOMWYECKMA  POCT, a TakKkKe OLEHMBAEeTcH,
cnocobcTByeT nM ydactme keHwuH B WKT dopmupoBaHuio 6onee
MHKIO3MBHBIX MoAenei pasBuTUsl. DMNUPUYECKUIA aHanIM3 OCHOBAH Ha
cbanaHcMpoBaHHOM MaHenbHoM Bbibopke M3 16 pernoHoB KasaxcTaHa 3a
nepvoa 2010-2024 rr. Wcnonb3oBaHbl 06beanHeHHas moaens (Pooled
OLS), nByxdakTopHasi mMoaenb (UKcMpoBaHHbIX 3ddekToB (Two-way
Fixed Effects), a Tawke NpoOBEPKM YCTOMUYMBOCTU C MPUMEHEHUEM
K/lacTepu30BaHHbIX  pobacTHbIX  CTaHAApTHbIX  OWKMB0K.  OueHKM
[ABYX(aKTOpHON Mozenu (UKCMPOBaHHbIX 3(PhEKTOB MOKa3biBaloT, YTO
YPOBEHb 3apaboTHOM MnaThl ABASETCS Havbonee  YCTOMYMBbLIM
AeTepMMHAHTOM perMoHanbHOro akoHommyeckoro pocta (B = 1.330; p <
0.001), Torma Kak WHBECTUUMM B OCHOBHOM KanuTan COXpaHsloT
npeaenbHylo CraTucTndeckyto 3Hauumoctb (B = 0.126; p = 0.060).
MNMokaszaTenb 4enoBeYeCcKoro Kanutana AEMOHCTPUPYET CTaTUCTUYECKM
3HAUMMBIA OTpULIATENBHBIN BHYT-pernoHanbHbii acdhdekT (p < 0.001), B
TO BPeMsl KaK MHAMKATOPbl LUM(MPOBM3aUMN U FeHAepHble NepeMeHHbIe
OKa3blBalOTCA CTAaTUCTUYECKM HE3HAYMMbIMU. Pe3ynbTaTbl MOKa3biBaloT,
YTO NOKasaTenu LUMdpoBU3aALIMKN N FreHAEPHbIE NEPEMEHHBIE HE OKa3blBaKOT
CTaTUCTUYECKM 3HAYMMOrO BHYTPErMOHANbHOMO BAWUSIHUSE Ha BanoOBOW
PErvoHanbHbI NPOAYKT MOC/E Y4YeETa PErMoHanbHbIX WM BPEMEHHbIX
(brKkcMpoBaHHbIX 3dekToB. B TO e BpeMs MHBECTULMM B OCHOBHOM
KanuTan M YypoBeHb 3apaboTHOM MnaTbl BbICTYNalOT Haubonee
YCTOMUYMBLIMA AETEPMUHAHTAMWU pPernoHanbHOro pocta. KrnactepHbiit
aHanM3 BbISIBUN YETbIpe MOAENN PErmoHanbHOro pasBuUTUS — LMBPOBO-
CEPBUCHYIO,  WHAYCTPUAnbHYl0, arpapHyld W  pecypCHylo, 4TO
noaTBEpPXXAaeT CTPYKTYPHYIO reTeporeHHoCTb. [MonyyeHHble pesynbTaThl
CBMAETENbCTBYIOT O TOM, 4TO UuudpoBM3aums cama no cebe He
rapaHTUpYyeT MWHKIIO3MBHOTO POCTa, @ €€ 3KOHOMMYeckue 3ddekTbl
0MnocpeayTCs CTPYKTYPHBIMU hakTopamu.
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1. Introduction

Digital transformation leads to social shifts affecting the nature of employment, income
distribution, and opportunities for economic integration across various groups of the
population (Chen et al., 2020; Pedchenko et al,, 2021; Berardi & Valentinetti, 2022). Women's
participation in the information and communication technology (hereinafter - ICT) sector is an
indicator of social inclusion and gender equality in the digital economy (Yin etal., 2023). Despite
rising levels of women's education and greater access to higher education, gender differences
in pay, occupational segregation, and access to high-paying technology professions persist (Cruz
et al,, 2025). The development of ICT creates new opportunities for professional mobility,
flexible employment, and income growth, but the extent to which these opportunities are used
varies significantly between regions (Mumporeze & Prieler, 2017; Amber & Chichaibelu, 2023;
Nguyen et al,, 2025). Kazakhstan's regional heterogeneity in terms of urbanization, industry
specialization, investment activity, and digital infrastructure development creates a different
social and economic opportunites for women's involvement in the digital economy.

In the context of the implementation of government programs for digitalization and
modernization of the economy, the issue of ICT contribution to the reduction of gender
disparities and the formation of more inclusive regional labor markets is relevant. Economic
growth does not automatically ensure a reduction in social inequality, while digitalization may
both expand opportunities and reinforce existing structural barriers.

Existing studies primarily consider digitalization as a factor of economic growth, paying
insufficient attention to its social consequences and the gender dimension of regional
development. The lack of panel studies that account for interregional heterogeneity and time
dynamics is particularly noticeable in Kazakhstan.

The research aims to identify the impact of women's participation in the ICT sector on the
processes of social and economic transformation of Kazakhstan's regions, as well as to assess
whether digitalization contributes to the formation of more inclusive and gender-balanced
regional labor markets.

To achieve this goal, the following hypotheses have been formulated:

H1: Digitalisation of the region has a positive impact on economic growth.

H2: Gender indicators (gender wage gap, percentage of women in ICT, female
unemployment rate) do not have a stable within-region impact on economic growth after taking
into account fixed effects.

H3: Human capital (graduates per 10,000 population) is a significant factor in regional
dynamics, but its impact may vary in the short term and in the interregional perspective.

H4: Investment in fixed capital and wage levels are key determinants of within-region
economic growth.

H5: Regional differences in employment structure and digitalization form stable regional
types (clusters) with distinct profiles of wages, sectoral composition, and gender indicators.

The empirical analysis is based on a balanced panel of 16 regions in Kazakhstan for the
period 2010-2024 and uses a two-factor fixed-effects model, which allows distinguishing
between inter-regional structural differences and intra-regional dynamics. Additional cluster
analysis provides a typological interpretation of the identified dependencies.
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2. Literature review

Digitalization considered as a structural factor in the transformation of social and economic
relations, but its impact on gender equality remains ambiguous. The development of ICT expands
women's economic opportunities by strengthening their participation in the labor market and
entrepreneurship (Mariscal et al., 2019). At the macro level, a higher level of digital development
is associated with a decrease in gender and income inequality, and in countries with high digital
maturity, a decrease in gender gaps is recorded (Thanh et al., 2022; Shah & Krishnan, 2024;
Tungsiper, 2025).

At the same time, digitalization does not eliminate structural forms of inequality
automatically. The gender digital divide is interpreted as a multi-level phenomenon involving
differences in skills, the intensity of technology use, and the ability to extract economic benefits
from digital resources (Ogbo etal.,, 2021; Pham etal., 2025). Even with the narrowing of the access
gap, differences between the second and third levels persist, especially in less developed areas,
indicating a limited infrastructural approach (Zhao & Kuang, 2025).

Digital inequality has a significant territorial dimension. The level of digital integration is
systematically higher in economically developed and urbanized regions, while the gender gap is
widening in peripheral territories (Ay & Kilig, 2023). The quality of regional institutions further
modifies the scale of the digital divide (Caragliu & Del Bo, 2025). Empirical studies show that the
impact of digitalisation on wages and gender wage gaps varies significantly across urban and rural
regions, and women's digital access is closely linked to infrastructure, education, and social norms
(Mumporeze & Prieler, 2017; Amber & Chichaibelu, 2023; Nguyen et al., 2025). Consequently, the
effects of digital transformation are mediated by regional development levels.

Digital competencies are the central mechanism through which digitalization affects gender
equality. Increasing qualification requirements increases competition in the labor market and,
with uneven access to education, reproduces professional differences (Beregovskaya etal., 2022).
Gender differences in digital training persist even with infrastructure expansion, while targeted
educational interventions demonstrate the potential to narrow the gap in STEM fields (Sanchez-
Canut etal., 2023; Freire et al,, 2026).

The impact of digitalization on the employment structure remains controversial. Even in
institutionally developed economies, horizontal and vertical segregation in the ICT sector
persists, and the organizational practices of digital companies reproduce gender hierarchies
(Proctor-Thomson, 2013; Holth et al,, 2017). Automation transforms, but does not eliminate,
forms of inequality (Persson & Wallo, 2024). At the same time, some studies have documented
the potential of digital transformation to overcome the “glass ceiling” and expand women's
managerial opportunities, indicating that the effects depend on the institutional and industry
contexts (Tian et al., 2025; Pereira, 2014).

The gender pay gap remains stable. Empirical estimates reveal a significant unexplained
component of the wage gap, the persistence of differences in STEM sectors, and the impact of
ownership structure on the scale of the gap (Kritikos et al., 2024; Cruz et al,, 2025). At the same
time, higher levels of education and digitalisation are associated with a decrease in gender wage
differentiation, and the development of ICT at the macro level correlates with a reduction in
gender and income inequality (Lukyanova, 2021; Shah & Krishnan, 2024). Thus, digitalization
functions as a factor that can either mitigate or reproduce gender disparities, depending on
institutional and territorial conditions.
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Methodologically, the analysis of these relationships is primarily based on panel models that
allow consideration of temporal dynamics and unobserved heterogeneity. At the cross-country
level, fixed-effects models are used to assess the impact of ICT on gender and income indicators
(Kabanov et al.,, 2024; Islam & Akhtar, 2026). At the subnational level, regional panels reveal the
heterogeneity of the impact of digitalization on wages and gender parameters, while spatial
studies emphasize the institutional determinants of the digital divide (Lukyanova, 2021; Nguyen
etal., 2025; Caragliu & Del Bo, 2025).

For Kazakhstan, existing studies demonstrate either the potential of digital platforms to
expand women's economic activity or the territorial differentiation of educational infrastructure.
Still, they do not offer an integrated econometric assessment of the structural channels of
digitalization's impact on gender inequality in the context of regional asymmetry (Kireyeva et al.,
2022a; Kireyeva et al., 2022b). In this regard, the study relies on the framework of structurally
embedded digital transformation, integrating a general-purpose technology approach and the
concept of a multi-level digital divide to explain the territorial and gender heterogeneity of the
economic effects of digitalization.

Despite a significant increase in the number of studies examining the relationship between
digitalisation and gender equality, the existing literature remains fragmented by levels of analysis
and methodological approaches. Most of the work focuses either on cross-country comparisons
that capture the aggregate macro effects of ICT on indicators of gender and income inequality, or
on individual aspects of the digital divide without integrating them into a single analytical
framework. As a result, there remains a methodological gap among digital infrastructure
research, work on the gender segregation of the labour market, and regional development
models. The in-country panel effects of digitalisation have not been sufficiently studied, while
accounting for gender, educational, institutional, and territorial factors, which limits the ability to
identify the structural mechanisms through which digital transformation transforms or
reproduces inequality.

3. Research methods

The research based on quantitative analysis of region panel data of Kazakhstan for the period
2010-2024. The balanced panel (16 regions, N=240) allow controlling both temporal dynamics and
cross-regional heterogeneity. The analysis include corelation, regression, clustering. The choice of
panel data is methodologically justified by a number of reasons. First of all, the panel format allows
us to simultaneously account for both interregional differences and the temporal dynamics of
indicators, which is especially important when analysing gender imbalances and the
transformation of regional labour markets, where both stable structural factors and changes over
time shape the results. In addition, panel models allow control for unobservable heterogeneity
across regions. Features such as the institutional environment, industry specialization,
demographic structure, or social and cultural characteristics are often relatively stable and difficult
to directly measure. Using models with fixed or random effects allows us to identify the net effect
of explanatory variables, accounting for these latent factors. Panel data also increases the number
of observations and degrees of freedom, thereby improving the statistical effectiveness of estimates
and reducing the risk of multicollinearity compared to purely cross-sectional or time-based
analyses.
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Finally, the panel approach enables identification of intra-regional changes over time, which
is crucial for assessing the impact of digitalisation, structural shifts in employment, and social
infrastructure development on the gender pay gap and women's participation in the ICT sector.
Together, this forms a more stable and analytically grounded empirical basis for the study of factors
in gender inequality and the structural transformation of the regional economy. Data retrieved
from the National Bureau of Statistics for the period 2010-2024. Regional indicators of labour
market, structure of employment, digitalization, and economic development are used. The analysis
incorporates regional indicators reflecting labour market conditions, employment structure,

digitalization, and economic development.

Table 1 presents the description and classification of the variables used in the empirical model.

Table 1. Descriptive statistics of variables.

Section Variable Code Mean SE SD Min Max
Regional Gross regional grp 12403,82 587,95 9108,47 2150,30 48109,40
Economic product
Development Investment in fixed inv_pc 0,72 0,06 0,88 0,09 6,83
capital per capita
Urbanization Rate urban 56,70 1,48 23,00 12,99 100,00
Average Monthly wage 184390,22 7388,78 114466,52 51340,00 633322,00
Wage
Gender Wage Gap gwg 26,14 0,81 12,61 -0,18 58,90
Labor Market Share of Women wic_it 43,49 0,58 8,91 16,17 75,38
Structure and Employed in ICT
Sectoral Total ICT ict_it 1,64 0,07 1,16 0,26 6,35
Employment Employment
Share of serv_emp 61,50 0,67 10,31 37,28 85,36
Employment in
Service
Share of agr_emp 17,38 0,86 13,35 0,18 53,12
Employment in
Agriculture
Share of ind_emp 21,13 0,48 7,45 7,86 42,62
Employment in
Industry
Female funemp 5,63 0,06 0,88 3,90 9,70
Unemployment Rate
Human Capital = Graduates per 10K grad_emp 14838,15 733,84  11368,55 1301,16  73790,81
and Digital population
Development Share of Internet internet_it 75,66 1,16 18,01 21,60 98,65
Users
Social Childcare Coverage childcare03 36,57 1,51 23,42 0,68 95,61
Infrastructure (0-3 years)
and Early Preschool preschool 48,69 0,74 11,51 14,80 77,70
Childhood Enrollment Rate
Support

Note: compiled by the authors.

The variables are grouped into four analytical blocks:
employment structure and labor market, human capital and digital development, as well as social
infrastructure. The mean values, standard errors, standard deviations and the range of variation of
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indicators for the period 2010-2024 for 16 regions of Kazakhstan are given. The data obtained
indicate a high interregional differentiation in GRP, wages, and investment activity, reflecting the
heterogeneity in the economic development of the territories. Significant variability is also
observed in the gender wage gap (from negative values to 58.9%), as well as in the structure of
employment, especially in agriculture and the service sector. Indicators of digitalization, human
capital, and preschool education coverage for children under three show significant variation,
which confirms differences in the level of technological development and educational potential of
regions.

The revealed variability in indicators necessitates a comprehensive analysis of the
interrelationships among economic, structural, and social factors. The logic of empirical research

and the sequence of analytical steps are shown in Figure 1.

Data collection

« Initial dataset imported

. Data sources: National
Bureau of Statistics

« Indicators: Gender Wage
Gap, ICT employment ,
Sectoral employment
structure, Human capital,
Digitalization, Social
infrastructure ,
Macroeconomic variables

« Time period: 2010-2024

% Data clearing

« Removed missing values
in key variables

« Log-transformation of
skewed variables (e.g.
wage, GRP where
applicable)

« Construction of derived
indicators (shares, rates)

« Excluded regions with <15
years of data

« -Final dataset: N = 240; 16

Data analysis

+ Descriptive statistics

+ Correlation matrix

+ Panel regression
modelling (OLS, FE, RE)

+ Hausman test for
model selection

+ Robust standard errors

+ Cluster analysis of
regional profiles

Results &
Interpretation

Identification of significant
determinants of the gender
wage gap

Assessment of the role of
ICT employment and
digitalization

Evaluation of sectoral
structure effects
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Figure 1. The stages of research.

The conceptual and methodological logic of the conducted research is structured as a sequence
of stages. In the first stage, a database is being compiled from regional statistical indicators for
2010-2024. The second stage includes preliminary processing of information: checking the
completeness of observations, transforming variables, and constructing derived indicators. The
third stage is represented by a set of statistical and econometric procedures, including the
calculation of descriptive statistics, correlation analysis, evaluation of panel regression models and
diagnostic tests, and clustering of regions by structural characteristics. The final stage aims to
interpret the results and identify the significant factors that determine the gender wage gap and
the specifics of regional structural transformation.

First, the Pearson correlation matrix was calculated, enabling estimation of linear
relationships among the model variables. The correlation matrix is a preliminary diagnostic
analysis aimed at identifying multicollinearity that can distort regression parameter estimates.

Next, a regression analysis of the panel data was performed. The basic specification of the
empirical model is as follows (1):

In (GRPy) = B1gwgir + Bwicy + Bsicty + Bsagric + Bsindy + Begrad;, + (1)
Binternet;; + fgfunemp;; + foln (wage;;) + Syochildcare; + By1preschool; +

Bipurban; + a; + v + €;¢
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where ai - unmeasurable regional effects;
Yt— temporary effects;
€it— a random error.

At the first stage, a Pooled OLS model was evaluated, assuming regional uniformity and the
absence of individual effects. Next, models with fixed Effects (FE) and random Effects (RE) were
constructed to allow for unobserved regional heterogeneity. The fixed effects model controls for
time-invariant region-level features by transforming the data, whereas the random effects model
assumes the random nature of individual differences and their uncorrelation with explanatory
variables.

The choice between the FE and RE models was based on the Haussmann test. The obtained
statistical value was 115,03 in the squared form, with p < 0,001, indicating rejection of the null
hypothesis of the validity of the estimates in the random effects model. Thus, the assumption of
uncorrelated individual effects with the regressors is not confirmed.

Consequently, in the further analysis, a Two-way Fixed Effects model is used, which takes into
account both regional ai and temporal y:effects, which ensures the consistency and interpretative
correctness of the estimates obtained. Robust standard errors (HC1), resistant to
heteroscedasticity and autocorrelation, were used to increase the reliability of the results.
Additionally, an analysis of the residuals was carried out to verify the model's functional form and
the absence of systematic deviations.

Next, a cluster analysis of regions was conducted to identify groups of regions with similar
employment patterns, levels of digital development, and social and economic characteristics.
Clustering enabled the supplementation of regression results with a typological interpretation,
revealing stable models of regional development and differences in the trajectories of structural
transformation.

The study has a number of limitations. Firstly, the analysis is based on aggregated regional
data, which does not allow for consideration of the individual characteristics of employees and the
micro-level mechanisms of gender gap formation. Secondly, indicators of digitalization and
employment in ICT reflect quantitative, but not qualitative, employment parameters. Thirdly,
despite the use of a two-factor fixed-effects model, it is impossible to completely eliminate
endogeneity, which limits the interpretation of cause-and-effect relationships. Finally, possible
changes in statistical methodology and the impact of external macroeconomic shocks during the
period under review may further affect the dynamics of indicators.

4. Results

An analysis of the current state of women's employment in the information and
communication technology sector enables assessment of the degree of female involvement in ICT.
The ICT sector plays a crucial role in shaping the digital economy, increasing labor productivity and
structural modernization of regions, which makes the gender aspect of employment in this area
particularly significant.
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There was a steady growth of digitalization, accompanied by an expansion of employment in
ICT in the period 2010-2024. At the same time, women's participation in ICT sector is characterized
by significant inter-regional differentiation and heterogeneity over time. This indicates the
presence of structural factors affecting women's access to high-tech economic activities.

For a more detailed assessment of the interregional dynamics of women's participation in the
information and communication technology sector, a graphical analysis of the indicator of the
proportion of women in ICT by region for the period 2010-2024 is presented. Figure 2 illustrates
the trajectories of changes of the Women in ICT (wic_it) indicator for each region, allowing us to
identify both stable trends and fluctuations over time.

Akmola Aktobe Almaty Almaty city
60 70 45 50
50 60 40 45
50 35 40
Astana city Atyrau East Kazakhstan Karaganda
60
50 70
50 0 60 50
45 50
40 30 40
20 40
Kostanay Kyzylorda Mangystau North Kazakhstan
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35 50 50 60
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Figure 1. Regional changes in women's participation in the ICT sector in Kazakhstan for 2010-2024.

The analysis demonstrates a pronounced regional heterogeneity of women's participation in
ICT. In a number of regions (for example, Aktobe, North Kazakhstan region, East Kazakhstan
region), there have been periods of significant growth in the indicator with subsequent fluctuations,
which may indicate a structural restructuring of the labor market or a change in industry
specialization. In the largest cities, Almaty and Astana, the dynamics is characterized by relative
stability with moderate fluctuations, reflecting a more diversified and institutionally stable
economic environment.

The Kyzylorda and Zhambyl regions have a changing path, which may be due to the limited
capacity of the high-tech sector and dependence on individual investment projects. Individual
peaks in the dynamics of a number of regions indicate the influence of temporary factors, including
government digitalization programs and external macroeconomic shocks. In general, the graphical
analysis confirms the presence of significant interregional differences and temporal variability in
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women's participation in ICT, which justifies the use of panel regression models to identify the
factors that determine these differences.

To assess the structure of relationships among the studied variables and identify possible
multicollinearity issues, a correlation matrix has been constructed. Figure 3 shows the coefficients
of paired correlation between the main economic, structural, digital and social indicators included
in the model.
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Figure 3. Correlation matrix.

The correlation matrix reveals several stable, economically interpretable relationships among
the model variables. Indicators of economic development demonstrate pronounced positive
associations. Gross regional product (grp) is strongly correlated with the gender wage gap (gwg: r
=0.70), industrial employment (ind_emp: r = 0.56), ICT employment (ict_it: r = 0.45), and the share
of graduates (grad_emp: r = 0.45). Average monthly wages are correlated with the time trend (year:
r = 0.78) and the level of internet penetration (internet_it: r = 0.66), reflecting the overall growth of
incomes and digitalization over the period under consideration.

Regional structural differentiation is manifested in negative relationships between
agricultural employment and indicators of technological and service-sector development. The
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share of employment in agriculture (agr_emp) is negatively correlated with ICT employment (ict_it:
r = -0.58), the share of graduates (grad_emp: r = -0.60), gross regional product (grp: r = -0.60), and
particularly with the share of employment in services (serv_emp: r = -0.83). This configuration
reflects the contrast between agrarian and service-digital models of regional economic
development. Indicators of digital transformation form an interconnected group. ICT employment
(ict_it) is positively associated with the share of graduates (grad_emp: r = 0.69), employment in the
service sector (serv_emp: r = 0.62), and internet penetration (internet_it: r = 0.45). The share of
graduates correlates strongly with the gender wage gap (gwg: r = 0.73), suggesting greater income
differentiation in more developed educational centres.

The relationship between the gender wage gap and the share of women in ICT (wic_it: r = 0.03)
is neutral, suggesting no simple linear dependence at the aggregate level. Female unemployment is
negatively correlated with internet penetration (funemp and internet_it: r = -0.44) and with the
time trend (year: r = -0.47), indicating a gradual decline in female unemployment over time. The
correlation coefficients do not exceed critical thresholds (|r| > 0.9), indicating the absence of severe
multicollinearity and supporting the inclusion of these variables in the panel regression model.

The structural variable representing the share of employment in the service sector (serv_emp)
was excluded from the subsequent regression analysis. This decision was 06ycJioBJeHO BBICOKOH
Koppessiueit with alternative indicators of sectoral employment structure and the presence of a
linear dependency among sectoral employment shares, the sum of which approaches unity.
Retaining this variable would lead to perfect multicollinearity and, consequently, prevent
consistent estimation of the model parameters.

In the first stage of the empirical analysis, Pooling OLS was evaluated without accounting for
individual regional and temporal effects. This specification assumes the uniformity of observations
and serves as a reference point for subsequent comparison with fixed- and random-effects models.
The estimation was performed using the least-squares method with classical standard errors. Table
2 presents estimates of pooling model coefficients (Pooling OLS) with classical standard errors.

Table 2. Results of Pooling OLS with classical standard errors.

Variable Estimate Std_Error t_value p_value Sig
(Intercept) 5,706 1,138 5,014 0,000 ok
gwg 0,013 0,003 4,671 0,000 Hokk
wic_it -0,001 0,002 -0,346 0,729
ict_it 0,048 0,031 1,567 0,118
agr_emp 0,013 0,003 3,730 0,000 ok
ind_emp 0,008 0,006 1,383 0,168
grad_emp 0,000 0,000 6,187 0,000 ok
internet_it -0,004 0,002 -1,792 0,074
funemp 0,033 0,026 1,299 0,195
In_wage 0,205 0,095 2,165 0,031 *
childcare03 -0,002 0,001 -2,026 0,044 *
preschool 0,002 0,002 0,866 0,387
In_inv_pc 0,471 0,050 9,401 0,000 ok
urban 0,008 0,002 4,718 0,000 ok

Note: compiled by the authors.

The analysis of the results indicates that the gender wage gap (gwg) is positively and
statistically significantly associated with the level of economic development (3 =0.0131; p < 0.01).
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Investment in fixed capital per capita (In_inv_pc: § = 0.471; p < 0.01), the share of graduates
(grad_emp: B = 0.000; p < 0.01), the level of urbanization (urban: = 0.008; p < 0.01), and the
share of employment in agriculture (agr_emp: $ = 0.013; p < 0.01) also demonstrate positive and
highly significant effects.

The logarithm of average monthly wages (In_wage) exerts a positive influence (8 = 0.205; p
< 0.05), which is consistent with theoretical expectations. The variable capturing childcare
coverage for children under three years of age (childcare03) exhibits a statistically significant
negative coefficient (f = -0.002; p < 0.05), potentially reflecting structural characteristics of
regions with more developed social infrastructure.

ICT employment (ict_it), the share of women in ICT (wic_it), industrial employment
(ind_emp), female unemployment (funemp), and preschool enrollment (preschool) are not
statistically significant within this specification. The share of Internet users (internet_it) shows a
negative effect at the 10% significance level ( = -0.004; p # 0.07). These findings are preliminary,
as the pooled OLS model does not account for regional heterogeneity. Subsequent sections
compare the results with fixed-effects and random-effects specifications.

The coefficient of determination (R® = 0.836) indicates that the model explains
approximately 83.6% of the variation in the logarithm of gross regional product. The adjusted R?
(0.826) remains high, suggesting the robustness of the estimates given the number of included
regressors. The F-statistic (F = 88.41, df1 = 13, df2 = 226) is statistically significant at p < 2.22 x
107*¢, confirming the joint significance of the explanatory variables.

At the same time, the high explanatory power of the pooled model does not preclude
potential bias arising from the omission of regional and time effects. Therefore, the subsequent
analysis compares the results from fixed-effects and random-effects models. To assess the
robustness of the estimates, the pooled model was additionally re-estimated using
heteroskedasticity-robust standard errors of the HC1 type.

Table 3 presents the results from the pooled OLS model with HC1-robust standard errors.

Table 3. Results of the pooled panel model (Pooling OLS) with robust standard errors (HC1).

Variable Estimate Std_Error_HC1 t_value p_value Sig
(Intercept) 5,706 1,355 4,212 0,000 ok
gwg 0,013 0,005 2,514 0,013 *
wic_it -0,001 0,003 -0,231 0,818

ict_it 0,048 0,051 0,948 0,344

agr_emp 0,013 0,005 2,807 0,005 *x
ind_emp 0,008 0,009 0,845 0,399

grad_emp 0,000 0,000 5,186 0,000 ok
internet_it -0,004 0,003 -1,337 0,183

funemp 0,033 0,024 1,367 0,173

In_wage 0,205 0,113 1,821 0,070

childcare03 -0,002 0,002 -1,385 0,167

preschool 0,002 0,004 0,521 0,603

In_inv_pc 0471 0,069 6,798 0,000 ok
urban 0,008 0,003 2,353 0,020 *

Note: compiled by the authors.

The application of heteroskedasticity-robust (HC1) standard errors increases the estimated
standard errors for several variables and, consequently, reduces the statistical significance of
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certain coefficients. Nevertheless, the key determinants retain both their significance and
direction of effect.

Investment in fixed capital per capita (In_inv_pc) remains the strongest and most statistically
significant determinant of economic development (8 = 0.471; p < 0.001). The human capital
indicator - the share of graduates (grad_emp: 3 = 0.000; p < 0.001) - also preserves a substantial
positive effect. The gender wage gap (gwg) continues to be positively associated with the level of
GRP (B = 0.013) and remains statistically significant at the 5% level (p = 0.013), although its
significance decreases relative to estimates obtained with classical standard errors. The share of
employment in agriculture (agr_emp) also remains significant ( = 0.013; p < 0.01). The level of
urbanization (urban) preserves a positive and statistically significant effect (8 = 0.008; p < 0.05).
At the same time, variables related to digitalization (wic_it, ict_it, internet_it) do not demonstrate
statistical significance within the pooled model with robust standard errors. The variable In_wage
retains marginal significance at the 10% level (p = 0.07). Indicators of social infrastructure
(childcare03, preschool) lose statistical significance after correcting for heteroskedasticity.

These findings indicate the relative robustness of the core economic determinants, while
also confirming the necessity of transitioning to models that account for regional heterogeneity,
as the pooled specification does not control for individual regional effects.

In light of the Hausman test results, further analysis is conducted using a two-way fixed
effects model that accounts for both regional and time-specific heterogeneity. This specification
allows control for time-invariant regional characteristics as well as common macroeconomic
shocks and trends affecting all regions simultaneously. Estimation is performed using classical
standard errors. Table 4 presents the estimation results for the two-way fixed-effects model.

Table 4. Two-way Fixed Effects.

Variable Estimate Std_Error t_value p_value Sig
gwg -0,004 0,003 -1,435 0,153

wic_it 0,000 0,001 0,191 0,849

ict_it -0,011 0,021 -0,517 0,606

agr_emp -0,004 0,003 -1,419 0,157

ind_emp 0,016 0,005 3,043 0,003 o

grad_emp 0,000 0,000 -4,176 0,000 ok
internet_it 0,001 0,001 0,926 0,356

funemp -0,013 0,011 -1,100 0,273

In_wage 1,330 0,177 7,527 0,000 x
childcare03 -0,001 0,001 -1,363 0,174

preschool 0,002 0,002 1,038 0,300

In_inv_pc 0,126 0,038 3,320 0,001 x

urban -0,008 0,006 -1,360 0,175

Note: compiled by the authors.

The transition to the fixed-effects specification substantially alters the structure of statistically
significant determinants. The gender wage gap (gwg) loses statistical significance (p = 0.153),
indicating that a robust within-region effect is absent once unobserved regional heterogeneity is
taken into account. Similarly, digitalization indicators (wic_it, ict_it, internet_it) and female
unemployment (funemp) do not exhibit statistically significant effects in this specification.

Industrial employment (ind_emp: B = 0.016; p < 0.01) emerges as a significant positive
determinant, suggesting that the industrial sector contributes to regional economic growth in
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dynamic terms. Investment in fixed capital (In_inv_pc: f = 0.126; p < 0.01) remains significant, as
does the level of wages (In_wage: B = 1.330; p < 0.001), which displays the largest coefficient
magnitude among the regressors.

A negative and statistically significant effect is identified for the share of graduates (grad_emp:
B = -0.000; p < 0.001). This may reflect structural characteristics of regions with a high
concentration of educational institutions, in which short-term GRP growth does not necessarily
increase in proportion to the number of graduates. Overall, the two-way fixed-effects model
provides a more stringent assessment of within-region dynamics than the pooled specification,
enabling a clearer separation between structural cross-regional differences and temporal effects.

To test the robustness of these findings, heteroskedasticity-robust standard errors of the HC1
type clustered at the regional level were additionally computed. Clustering accounts for intra-group
error correlation and heteroskedasticity, thereby enhancing the reliability of statistical inference
in panel data settings.

Table 5 presents the results from the two-way fixed-effects model with clustered robust
standard errors.

Table 5. Two-way Fixed Effects with robust standard errors (HC1)

Variable Estimate Std_Error_HC1_cluster t_value p_value
-0,004 0,005 -0,796 0,427
0,000 0,001 0,262 0,794
-0,011 0,029 -0,378 0,706
agr_emp -0,004 0,004 -1,015 0,311
ind_emp 0,016 0,010 1,689 0,093
grad_emp 0,000 0,000 -3,854 0,000
internet_it 0,001 0,001 1,094 0,275
funemp -0,013 0,011 -1,170 0,243
In_wage 1,330 0,228 5,821 0,000
childcare03 -0,001 0,001 -1,328 0,186
preschool 0,002 0,003 0,741 0,459
In_inv_pc 0,126 0,067 1,893 0,060
urban -0,008 0,010 -0,798 0,426

Note: compiled by the authors.

Following the adjustment of standard errors, the structure of statistical significance changes
partially. The most robust determinant remains the level of wages (In_wage: = 1.330; p < 0.001),
which exhibits a strong and positive effect on regional economic growth. The human capital
indicator (grad_emp) retains a negative and statistically significant coefficient (f * -0.000; p <
0.001), confirming the stability of the identified relationship.

Industrial employment (ind_emp) and investment in fixed capital (In_inv_pc) preserve their
positive effects; however, their statistical significance declines to the 10% level (p = 0.093 and p =
0.060, respectively), indicating sensitivity of the estimates to the correction for intra-group
correlation. The gender wage gap (gwg), ICT employment (ict_it), the share of women in ICT
(wic_it), as well as indicators of digitalization, social infrastructure, and female unemployment, do
not demonstrate statistically significant effects within the framework of within-region dynamics
after controlling for fixed effects and clustering the errors.

These findings suggest that investment activity and income levels are the primary drivers of
within-region growth, whereas gender and digital indicators appear less influential in short-term
dynamics, even after strict control for individual and time effects. The coefficient of determination
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(R? = 0.540) indicates that the model explains approximately 53.9% of the within-variation in the
logarithm of gross regional product after accounting for regional and time effects. The adjusted R?
(0.441) is somewhat lower, reflecting the inclusion of many fixed effects and regressors, yet it
remains acceptable for panel models with a “strict” specification.

The F-statistic (F = 17.75, df1 = 13, df2 = 197) is statistically significant at p < 2.22 x 1076,
confirming the joint significance of the included explanatory variables. The reduction in R? relative
to the pooled model is explained by the fact that the two-way fixed-effects specification captures
only within-region temporal variation, eliminating cross-regional structural differences. Thus, the
two-way fixed-effects model demonstrates statistical consistency and provides a more rigorous
identification of the determinants of regional economic growth dynamics.

To identify typological differences in the structure of employment, the level of digitalization,
and gender-related characteristics, a cluster analysis of the regions was conducted. The clustering
procedure enabled grouping regions according to similarities in socio-economic and structural
parameters, including the level of ICT employment, sectoral specialization, the gender wage gap,
wage levels, and indicators of social infrastructure.

The clustering results indicate the formation of four stable groups of regions that differ in their
models of economic development and the nature of women'’s participation in the labor market. The
identified clusters reflect various combinations of digital, industrial, and agrarian characteristics,
as well as differences in income levels and gender disparities.

Table 6 presents the composition of the clusters and their key characteristics.

Table 6. Typology of Kazakhstan’s regions by employment structure, digitalization and gender characteristics

Cluster Region gwg wiciit ictit servemp agremp ind emp grad_emp

1

4

Almaty city, Astana

city 21,4 44 4,47 80,8 0,571 18,6 35468
Aktobe, East

Kazakhstan,

Karaganda,

Kyzylorda, Pavlodar,

West Kazakhstan 28,9 459 1,27 60,9 14,6 24,5 16482
Akmola, Almaty,

Kostanay, North

Kazakhstan,

Turkistan, Zhambyl, 16,6 41,5 1,07 54,6 30,7 14,7 8420
Atyrau, Mangystau 51,2 41,7 1,6 64,6 2,45 32,9 8533

Note: compiled by the authors.

The results of the cluster analysis allowed us to identify four stable types of regions, differing
in the level of the gender gap, employment structure and degree of digitalization. The first cluster
(Almaty and Astana) is characterized by the highest employment in ICT (ict.it = 4.47), the
dominance of the service sector (serv_emp = 80.8%) and the minimum share of people employed
in agriculture (0.57%). The gender pay gap is 21.4%, which is lower than in industrial and resource
regions. The highest graduation rate is also recorded (grad_emp = 35,468), reflecting the
concentration of human capital in the largest cities. The second cluster unites industrial regions
with an average level of ICT employment (1.27) and a relatively high proportion of women in ICT
(wic_it = 45.9%). The employment structure is characterized by a significant industrial share
(24.5%) with moderate agricultural specialization (14.6%). The gender gap (28.9%) is higher than
in the first cluster, indicating a more pronounced income differentiation.
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The third cluster is mainly agricultural, with a high proportion of people employed in
agriculture (30.7%) and alow level of industrial employment (14.7%). The level of ICT employment
remains moderate (1.07), and the proportion of women in ICT is 41.5%. The gender gap (16.6%) is
the smallest among all clusters. The graduation rate (8,420) is significantly lower than in clusters 1
and 2, reflecting a limited concentration of human capital. The fourth cluster includes resource-
oriented regions with the highest gender wage gap (51.2%) and a high proportion of industrial
employment (32.9%) with minimal agricultural specialization (2.45%). The level of ICT
employment is 1.6%, and the proportion of women in ICT is 41.7%. The graduation rate (8,533) is
comparable to that of the third cluster, indicating a limited educational concentration with high
income differentiation. The resulting typology demonstrates the structural heterogeneity of
regional development and allows for a deeper interpretation of the regression analysis results in
the context of differences in economic models and gender involvement (Figure 4).

+
+
2-
. cluster
: [e] -
= (€] 2
E ] =
(] 4
2 - .
®
L]
2 0 2 4

Dim1 (44.4%)
Figure 4. Results of clustering of regions by the k-means method (k = 4) in PCA.

The spatial locations of the points reflect the degree of similarity between the regions in terms
of the totality of economic, structural, and gender characteristics. The differentiation of clusters
confirms the stability of the obtained typology. The first cluster forms a separate group with
pronounced values on the first component, indicating a specific model of economic development.
The second cluster occupies a central position and is characterized by moderate values for both
factors. The third cluster is shifted to the negative values of the first component, which reflects a
different structure of employment and digitalization. The fourth cluster is located in the zone of
high positive values for the second component, demonstrating a distinctive combination of income
and gender characteristics. The cluster analysis confirmed the presence of pronounced structural
heterogeneity of Kazakhstan's regional development in terms of digitalization, industry
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specialization and gender characteristics of the labor market. The results of cluster analysis
complement regression estimates, allowing us to interpret the identified dependencies in the
context of typological differences across regions and to clarify the roles of gender and digital factors
in shaping regional economic development.

5. Conclusion

The conducted research allowed us to empirically test five hypotheses put forward about the
role of digitalization, gender indicators and structural factors in shaping Kazakhstan's regional
economic growth in 2010-2024. The estimates obtained from a two-factor fixed-effects model with
clustered standard errors allow us to draw the following conclusions.

Indicators of digitalization do not demonstrate a stable independent impact on GRP within
intra-regional dynamics (H1 — not supported). Digital development primarily reflects the broader
level of structural modernization of a region rather than functioning as an autonomous driver of
short-term economic growth. This result refines interpretations regarding the expansion of
economic opportunities through ICT (Mariscal et al, 2019) and the macro-level association
between digital development and reduced inequality (Shah & Krishnan, 2024), suggesting that such
relationships may not translate directly into within-country regional dynamics.

The direct intra-regional impact of gender indicators has not been statistically confirmed in
the strict two-way fixed effects specification (H2 — supported). The significance of the gender wage
gap identified in the pooled model disappears after controlling for regional heterogeneity,
indicating that the observed differences are predominantly structural rather than dynamic in
nature. This finding contrasts with cross-country evidence suggesting a reduction in gender
inequality associated with digital development (Thanh et al, 2022; Shah & Krishnan, 2024;
Tungsiper, 2025) and underscores the importance of territorial context in shaping these effects
(Zhao & Kuang, 2025).

The role of human capital demonstrates a more complex pattern (H3 — partially supported).
The indicator of graduates per 10,000 population remains statistically significant across
specifications; however, the direction of its effect differs between pooled and within-region
estimates. While the pooled model suggests a positive association with economic growth, the two-
way fixed effects results reveal a negative within-region coefficient. This divergence indicates that
human capital contributes to cross-regional structural differentiation, yet its short-term intra-
regional impact may reflect adjustment processes, spatial concentration of educational institutions,
or delayed economic returns. The findings highlight the importance of distinguishing between
between-region structural effects and within-region dynamics when interpreting the role of
education in regional development.

The hypothesis concerning the positive role of structural and investment factors in economic
growth receives empirical support (H4 — supported). Investments in fixed capital, wage levels,
and, to a lesser extent, industrial specialization emerge as statistically significant determinants of
intra-regional growth. These findings are consistent with studies emphasizing the importance of
industry structure and institutional conditions in shaping regional development trajectories
(Caragliu & Del Bo, 2025), as well as with research on labor market segmentation and the
institutional conditioning of gender effects (Holth et al., 2017; Persson & Wallo, 2024).

The hypothesis of territorial heterogeneity reflected in distinct regional development models
is confirmed by the cluster analysis (H5 - supported). Four stable types of regions are identified,

Qainar Journal of Social Science,
Volume 5, Issue 1, 2026



digital-service, industrial, agricultural, and resource-oriented, each characterized by specific
combinations of employment structure, wage levels, and gender indicators. Spatial differentiation
corroborates conclusions regarding the territorial modification of digital effects (Ay & Kilig, 2023;
Nguyen et al.,, 2025) and demonstrates that the realization of gender potential varies depending on
the structural configuration of the regional economy.

The totality of the results supports the framework of structurally embedded digital
transformation: the economic effects of digitalization are manifested indirectly through investment
activity, industry specialization and human capital. This interpretation is consistent with the
concept of a multi-level digital divide (Ogbo et al., 2021; Pham et al., 2025) and with the conclusion
that removing infrastructure constraints does not guarantee reducing inequality (Zhao & Kuang,
2025).

The methodological contribution is to demonstrate the need to distinguish between cross-
sectional structural differences and intra-regional dynamics when analyzing panel data, which
corresponds to modern econometric approaches (Shah & Krishnan, 2024; Kabanov et al,, 2024).
Unlike most cross-country studies, the estimates obtained reveal the specifics of the intra-country
effects of digitalization in conditions of pronounced regional asymmetry.

Applied implications point to the limitations of a policy focused solely on expanding digital
infrastructure. Increasing women's economic involvement and narrowing gender gaps require a
comprehensive structural transformation that includes investment, industry diversification, and
human capital development. The inclusive effect of digitalization is realized only when it is
integrated into a broader strategy of institutional and regional development.
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