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Abstract: The article develops a conceptual model of qualification mismatch in
the labour market of Karaganda Region - one of Kazakhstan's principal industrial
regions. The study is motivated by a structural divergence between the accelerating
pace of technological transformation in manufacturing - encompassing cyber-
physical systems, the Industrial Internet of Things, and machine-learning-based
process control - and the persistent inertia of the vocational education system,
which continues to reproduce graduates in fields experiencing surplus rather than
deficit. A normalised Qualification Demand-Supply Imbalance Index (KDI) is
proposed as the central measurement instrument, enabling systematic cross-group
and cross-temporal comparison of mismatch severity at the regional level. The
conceptual model integrates four interrelated blocks: labour demand, determined
by the industrial composition of gross regional product, investment activity, and
technological modernisation; labour supply, shaped by demographic dynamics and
migration flows; a qualification-matching mechanism formalised through the KDI;
and an institutional corrective contour encompassing educational governance,
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dual-training partnerships, and active employment policy. Preliminary calculations
reveal a pronounced shortage of engineering and technical personnel and ICT
specialists alongside a critical surplus of administrative and humanities graduates.
The aggregate weighted-average KDI for the region indicates an upper-moderate
imbalance with an upward trend. The practical value of the study lies in providing
an evidence-based framework for reforming the state training order, expanding
dual education, and designing targeted regional employment interventions.
Keywords: labour market, qualification mismatch, structural unemployment,
industrial region, labour demand, labour supply, technological modernisation
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AnHotamus: Makanana KazakcTaHHBIH JKETEKI WHIYCTPUSIIBIK OHIpIEePiHiH
O0ipi Oomeim  TabObuiaTeiH  KaparaHipl OONBICHIHBEIH €HOSGK HapBIFBIHJAFBI
OUTIKTIIIK COWKECCI3ITriHIH KOHIETITYaJIbIK MOJENI J3ipJeHreH. 3epTTeyIiH
©3CKTUIIr OHIIPICTIH TEXHOJOTHSIIBIK TPaHCHOPMAIUACHIHBIH JKeled KapKbIHBI
-  kuOep(M3UKANBIK KYHenepHdi, ©HEpKOCINTIK WHTEPHET 3aTTapblH JKOHE
MaIIMHAJBIK OKBITYFa HETi3eNTeH 0acKapy JKyHelepiH eHri3y - MeH Kociou OitiM
Oepy JKYHECIHIH WHEPIHSIIBIK CHUITATHI apachiHIAFbl KYPBUTBIMIBIK aIIAKTHIKIICH
aliKpIHAaTa el ATanfaH >Kyde oNi Jie TamIIbUIBIFBl KOK OarpITTap OObIHINIA
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Kajpiap Aasipiarn, HaKThl CYpaHBICKA We OLTIKTLTK TpOoQHUIbIAepiH KETKUTIKTI
NeHreiiie KaMraMach3 erreiai. OpTanblK eiiIeM Kypalibl peTiHie OUTIKTiIiK
colikecci3mirin Oaramayra apHajFfaH HoOpMallaHFaH bimikTinik gucOamaHchl
nnnekci (KDI) ycelHBUIFaH, OJ1 YaKBIT TI€H TONTAap apachbIHAAFbl CaJbICTBIPMAIIBI
Taaaynbl )KYHeli Typle Kyprizyre MyMKiHAiK Oepesi. ¥ ChIHBIIFaH MOJIENh ©3apa
0aifIaHBICTHI TOPT HETI3Ti OMOKTHI OipiKTipei: eHOCKKEe CYPaHbBIC (OHIPIIK Kbl
OHIMHIH CaJlaJIbIK KYPBUIBIMBI, MHBECTHIHSIIBIK OCJICEHIUTIK KIHE TEXHOIOTHSIBIK
KAHFBIPTY apKbUIbl aHBIKTANAIbBI); €HOEK YCBIHBICH (IeMorpadusIIblK YpIaicTep
MEH KOIlli-KOH aFbIHIAPBIHBIH BIKIAJIBIMEH KAJBIITACAIb); OUTIKTITIK COMKECTIri
mexanm3Mmi (KDI apkpuibl hopManganraH); HHCTHTYLHOHAIBIK PETTEY KOHTYPHI
(6imim Oepy casicarbl, TyallbAbl OKBITY CEPIKTECTIKTepl xKoHe OeNICeH/Ii )KYMBICTICH
KaMTy Imapanapsl). AJJIBIH aja ecenTeyliep HHKCHEPITiK-TeXHUKAIBIK JKOHE
IT mamaHmapblHa aWKbIH TaNIIBUIBIKTBI, aj OKIMIIUIIK JKOHE T'yMaHUTApIIBIK
OaFpITTaFbl TYJEKTEPAIH IIaMaJiaH ThIC apTHIKTHIFBIH KepceTeni. OHip OoWbIHIIA
arperartairan oprama emmenreH KDI neHreiii opragaH »Korapsl TucOaTaHCTHI
KOHE OHBIH ©cy YpHICiH aifakTailipl. 3epTTeyAiH NMPAaKTUKAIBIK MAaHBI3IBUIBIFBI
MEMJIEKETTIK O11iM Oepy TarChIPBICHIH KaliTa KYPhUIBIMAAY, AyallbIbl O1l1iM Oepy/ti
KEHEHTY XKoHE OHIpIIK eHOSK HAPBIFBIH THIMJI PeTTeyre OaFbITTalFaH IoINeNli
memimMzep a3ipieyse KkepiHic Tabaipl.

Tyiiin ce3mep: eHOEK HapBIFBI, OUTIKTUTIK TEHTePiMCI3Miri, KYPBUTBIMIBIK
’KYMBICCBI3IBIK, MHIYCTPHSUIIBIK OHIp, CHOCKKE CYPaHBIC, )KYMBIC KYIIiH YCHIHY,
TEXHOJIOTHSUTBIK KAHFBIPTY
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An”orammsa: B cratee  pa3paboraHa  KOHIENTyalbHas  MOZEIH
KBaJM(UKAITMOHHOTO AricOanaHca Ha pbIHKe Tpyaa KaparanmwHckod oOmacTw -
OJTHOTO M3 KJIIOUEBHIX NPOMBIIUICHHBIX pernoHoB Ka3zaxcTaHa. AKTyallbHOCTb
rccienoBaHus 00yCIOBIeHa CTPYKTYPHBIM PAaCXOKIEHHEM MEKIY YCKOPSIFOIIAMCS
TEMIIOM TEXHOJIOTHYECKOH TpaHC(OpMalMK TPOU3BOJICTBA - BHEIAPEHHEM
kuOep(pU3nuecknx CHCTEM, TNPOMEIIIICHHOTO WHTEPHETa Belled W CHCTEM
YIIpaBJICHHUS] HA OCHOBE MAaITMHHOTO OOYYCHHS - U YCTOMYNBON WHEPITMOHHOCTHIO
CUCTEMBI TPO(ECCHOHAIBHOTO 00pa3oBaHUs, MPOJODKAIONICH  BBITYCKATh
KaJpbl 110 HAMpPaBIEHUSM C M30BITOUHBIM MPEIOKEHNEM, a He M0 Ie()UIINTHBIM
npopuisiM. B KayecTBe IEHTPAJIbHOTO  H3MEPHUTEIBHOTO  HMHCTPYMEHTA
TIpe/UIoKeH HOPMHUPOBaHHEIN MHIekc kBamudukanmonHoro aucbamanca (KDI),
00eCTIeunBaIOIINi CUCTEMAaTHIECKOE MEKTPYIIIIOBOE U MEXKBPEMEHHOE CPAaBHEHHUE
TSXKECTU HECOOTBETCTBUS HAa PErHOHANbHOM ypoBHe. KoHuenTyalbHas MOJENb
WHTETPUPYET YeThIpe B3aMMOCBSA3aHHBIX OJNIOKa: CIIPOC Ha TPYI, OMpEeAeTsieMBbIN
oTpaciieBblM cocTaBoM BPII, NHBECTULIMOHHOW aKTUBHOCTBIO U TEXHOJIIOTMYECKON
MOJIEpHHU3aNNEH; MpeIokeHne padodeit critel, (popMupyemoe nemorpaduyaeckoi
JUHAMHUKOM W MHUTPAIMOHHBIMH TIOTOKAMH; MEXaHMU3M KBaJU(PHUKAIIMOHHOIO
cooTBeTcTBUsA,  (opmanm3oBaHHblii  uyepe3  KDI;  wHCTHUTYIMOHANBHBII
KOPPEKTUPYIOLINI KOHTYP, BKIIOYAIOIINHA YIIpaBIeHIE 00pa3oBaHHEM, TapTHEPCTBA
IyaJbHOTO 00YUYCHHS Y TIOJMTUKY aKTUBHOM 3aHATOCTH. [ [peiBapuTensHbIe pacu€Tsl
BBISBIISTIOT BBIPKCHHBIA ACHUIINT HHKEHEPHO-TEXHWYECKUX kamapoB u MKT-
CIICIIUATICTOB TMPH KPUTUYECKOM H3OBITKE BBIMTYCKHUKOB aIMHUHUCTPATUBHOTO
W TyMaHUTapHOTO TPOQUIL. ATpPEerHpOBaHHBEIN cpeaHeB3BemeHHbd KDI mo
PETHOHY CBHUJAETENBCTBYET O BEpPXHEYMEPEHHOM AucOantaHce C BOCXOIAIICH
TeHaceHnuel. [IpakTnyeckas 3HaUNMOCTD HCCIIEIOBAHUS COCTOUT B (DOPMUPOBAHHUH
TOKa3aTeNbHON 0a3bl IS pepOpMHUPOBAHUS TOCYAAPCTBEHHOTO 00Pa30BaTEeILHOTO
3aKaza, pacUIMpPEHUs OyalbHOTO OOy4YeHHS M TNPOCKTUPOBAHUS aAAPECHBIX
PETHOHAIFHBIX HHTEPBEHIINN B c()epe 3aHATOCTH.

KuroueBble c10Ba: ppIHOK TPy, KBATM(UKAITMOHHBIN TUCOaaHC, CTPYKTypHAast
0e3paboTulla, MHIYCTPHAIBHBIA PETHOH, CIIPOC HAa TPYH, NpemiokeHne padboueit
CHJIBI, TEXHOJIOTHYECKast MOJIEPHU3AIINS

Introduction. Accelerating digital transformation of industrial production has
profoundly altered the structure of labour demand in manufacturing-intensive
regional economies. The deployment of cyber-physical systems, robotics, advanced
automation, and artificial-intelligence-based process control is progressively
eliminating demand for routine manual and cognitive tasks while simultaneously
creating sustained requirements for workers capable of programming, maintaining,
and supervising intelligent production systems. This structural shift - commonly
conceptualised as a "skill mismatch" or qualification mismatch - has become one
of the defining structural challenges for regional labour markets in economies
at comparable stages of industrial transition (Autor, Levy and Murnane, 2003;
Acemoglu and Restrepo, 2019; Goos, Manning and Salomons, 2014).
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For monoindustrial regions, the problem acquires a systemic character that
operates through two compounding mechanisms. On the demand side, the high
concentration of capital-intensive enterprises generates occupationally specific
requirements for technical, engineering, and digital competencies that are
difficult for general-purpose educational institutions to anticipate and respond
to within standard curriculum-revision cycles. On the supply side, the continued
overproduction of graduates in non-deficit social-humanitarian and economic fields
- driven by student preferences and institutional inertia rather than labour market
signals - perpetuates horizontal mismatch even as vertical education-level indicators
improve. These mechanisms are further amplified by demographic decline and
selective migration outflow, which reduce both the quantity and the average
qualification level of available labour, making qualitative matching increasingly
consequential for regional economic performance (Layard, Nickell and Jackman,
1991; Lipsey, 1960; Brown, Hesketh and Williams, 2003).

Karaganda Region represents a particularly important case for this analysis. As
Kazakhstan's principal metallurgical and mining cluster, the Region has historically
sustained a capital-intensive industrial base characterised by above-average
demand for engineering and technical competencies. Official statistics confirm
that the goods-producing sector accounted for more than half of gross regional
product in the most recent observation period, while investment in fixed assets and
industrial output indices both reflect active capacity expansion and technological
upgrade. Simultaneously, the region faces a persistently negative net migration
balance and an accelerating decline in natural population increase, compressing
labour force entry cohorts over the medium term. The official unemployment rate
of four percent - near-balanced by standard macroeconomic criteria - conceals,
by the authors' assessment, pronounced structural disparities across occupational
groups that aggregate headcount statistics are structurally incapable of revealing
(Bureau of National Statistics ASPiR RK, 2024-2025; OECD, 2018; ILO, 2020).

The core diagnostic problem is the absence, in Kazakhstan's applied practice, of
a standardised instrument for quantifying qualification imbalances at the regional
level with sufficient occupational granularity to support evidence-based policy
design. The present study addresses this gap by developing a Qualification Demand-
Supply Imbalance Index (KDI) - a normalised, reproducible metric computed from
administrative vacancy and graduate-employment data - and embedding it within
a four-block conceptual model of regional labour market dynamics. The model is
designed to be empirically testable, policy-relevant, and extensible to comparable
industrial regions across Kazakhstan (Agency of the Republic of Kazakhstan, 2021;
Committee of Labour, 2025).

The scientific novelty of the study consists in five principal contributions. First,
for the first time in Kazakhstani regional economics, technological, demographic,
migration, and institutional determinants of qualification mismatch are integrated
into a single four-block conceptual model explicitly calibrated for monoindustrial
regions undergoing digital transformation. Unlike existing single-factor frameworks,
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the model treats demographic decline and selective outmigration not as exogenous
background conditions but as endogenous, structurally active mechanisms
that amplify and self-reinforce the qualification gap - a distinction with direct
consequences for policy design. Second, the study introduces the Qualification
Demand-Supply Imbalance Index (KDI) as a new normalised, scale-independent
measurement instrument specifically adapted to Kazakhstan's administrative
data infrastructure, addressing the institutional challenge of fragmented vacancy
registries and inconsistent graduate employment tracking across Kazakhstani
statistical agencies - a barrier that has previously prevented reproducible mismatch
quantification at the sub-national level. Third, the study proposes a three-zone KDI
interpretation scale (balanced / moderate / pronounced) calibrated against CEDEFOP
and OECD benchmarks for comparable industrial economies and contextualised for
the Kazakhstani institutional environment, providing practitioners with a policy-
actionable decision threshold rather than a purely descriptive indicator. Fourth,
the study produces the first occupational-group KDI profile for Karaganda Region
disaggregated across five NCO RK professional categories, revealing that the
aggregate regional unemployment rate of 4.0% structurally conceals pronounced
shortages (KDI > 0.68) in engineering, technical, and ICT occupations coexisting
with a critical surplus (KDI > 1.0) in administrative and humanities fields - a
diagnostic pattern invisible to aggregate headcount statistics and unavailable from
any existing regional monitoring instrument. Fifth, the model formally articulates
the mechanism of temporal lag inconsistency between mismatch identification
and educational supply-side correction, demonstrating that market wage signals
alone cannot drive qualification rebalancing within the relevant planning horizon in
depopulating industrial regions, and deriving from this the policy implication that
simultaneous rather than sequential deployment of educational-order reform, dual
training expansion, and personnel retention instruments is structurally necessary
for effective regional workforce development.

Literature Review. The theoretical foundations of this study draw on three
interrelated bodies of scholarship: classical and neoclassical theories of structural
unemployment and human capital; the multidisciplinary literature on skill mismatch
and employment polarisation; and methodological approaches to the quantification
of qualification imbalances.

Structural unemployment theory provides the conceptual starting point. Lipsey
(1960) established the analytical distinction between frictional and structural
unemployment, demonstrating that the latter - arising from persistent misalignment
between the occupational composition of demand and supply - is not amenable to
aggregate-demand stimulus and requires supply-side or institutional intervention.
Layard, Nickell and Jackman (1991) formalised this insight through the wage-
pressure hysteresis framework, showing that structural mismatches become self-
reinforcing in the absence of active correction. Becker's (1964) human capital
theory provides the microeconomic foundation: if educational investments are
poorly directed toward non-deficit occupational profiles, the social return to
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education diverges from its private return, generating inefficiency at both individual
and aggregate levels.

The task-biased technological change literature has substantially enriched the
structural unemployment framework by identifying the mechanism through which
automation reshapes the occupational composition of demand. Autor, Levy and
Murnane (2003) demonstrated that automation disproportionately substitutes for
routine cognitive and physical tasks while complementing non-routine analytical and
interactive tasks, generating a predictable structural shift in demand toward the poles
of the skill distribution. Autor (2019) subsequently documented the employment
polarisation outcome - the simultaneous growth of high-skill professional employment
and low-skill service employment alongside the hollowing-out of the middle -
which is now empirically confirmed across a wide range of advanced and emerging
industrial economies. Acemoglu and Restrepo (2019) refined this framework by
distinguishing between the displacement effect of automation and the reinstatement
effect, demonstrating that the net employment effect depends critically on the speed
of reinstatement relative to displacement. Goos, Manning and Salomons (2014)
provided cross-country EU-level empirical confirmation, establishing that routine-
biased technological change and offshoring jointly account for the polarisation pattern
observed across diverse national labour markets.

The international organisations' literature on skill mismatch translates these
theoretical insights into diagnostic and policy frameworks. The OECD (2018)
distinguishes horizontal mismatch - graduation in a field of study misaligned with
employment requirements - from vertical mismatch - education level exceeding
or falling short of job requirements. The ILO (2020) emphasises that mismatch
severity correlates positively with the pace of technological change, identifying
industrial regions in transition economies as especially vulnerable. CEDEFOP
(2021) has developed the most systematic European measurement framework
for mismatch, combining occupation-level vacancy data with educational output
statistics and employer surveys to construct composite indices comparable across
member states. Brown, Hesketh and Williams (2003) extended the diagnosis to the
signalling dimension of credentials, showing that in knowledge-intensive labour
markets formal diplomas increasingly fail to convey reliable information about
actual workplace competencies.

Research on the Kazakhstani labour market provides region-specific evidence
that contextualises the present study. Syzdykova (2019) identified persistent
shortages of qualified technical specialists alongside documented surpluses of
graduates in economics, law, and management across manufacturing-heavy
regions, attributing the divergence to a state educational-order system that
responds with multi-year lags to labour market signals. Nurmagambetova (2021)
examined the structural unemployment consequences of qualification mismatch,
pointing to the institutional underdevelopment of dual vocational training as a key
corrective mechanism missing from the Kazakhstani policy toolkit. Akhmetov and
Zhunusova (2022) documented specific occupational deficits - mining engineers,
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industrial automation specialists - in Karaganda Region, complemented by excess
administrative employment, providing the empirical baseline that informs the
present KDI calibration. Omarova (2023) analysed the macro-level structural
causes and welfare consequences of skill mismatch in the Kazakhstani economy,
identifying the mismatch between the national educational system's output profile
and the sectoral composition of GDP as the primary driver of chronic structural
underemployment among degree holders. Abdyrov (2020) examined vocational
training and industrial workforce development in Kazakhstan more broadly,
confirming the systemic institutional barriers to employer—education alignment.

Etzkowitz and Leydesdorff's (2000) Triple Helix framework - modelling the
interaction of universities, enterprises, and the state as the primary institutional
engine of innovation-oriented human capital formation - provides the conceptual
foundation for the institutional contour block of the model. Sagintayeva (2017)
applied this framework to Kazakhstan's higher education context, identifying
weak horizontal linkages between university curriculum developers and industrial
employers as a structural barrier to timely educational adaptation.

On the measurement side, three methodological traditions are relevant. Quintini
(2011) synthesised the main approaches - balance-of-supply-and-demand models,
self-assessment surveys, and realised-matches methods. Duncan and Duncan
(1955) provided the methodological template, later adapted by CEDEFOP (2021),
for computing occupational imbalance as a normalised scalar from paired supply
and demand vectors. McGuinness (2006), and Allen and van der Velden (2001),
developed the survey-based microeconomic strand, enabling validation of aggregate
mismatch indicators against individual-level reports of job-education fit. The KDI
proposed in the present study synthesises elements of the balance-model and index
traditions, prioritising computability from existing administrative sources while
preserving the normalised, cross-group comparability required for regional policy
monitoring. Importantly, the threshold values used in the KDI interpretation scale
are calibrated against CEDEFOP and OECD benchmarks and validated against the
Kazakhstani administrative context rather than imported without adjustment.

Materials and Methods. The empirical base of the study integrates four
categories of data. The primary aggregate source is the Bureau of National Statistics
of the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan
(BNS ASPiR RK), which provides quarterly data on employed and unemployed
persons by ILO methodology, GRP structure and physical-volume indices of
industrial production, fixed-asset investment dynamics, natural population
movement statistics, and registered-entity counts for Karaganda Region, covering
the period 2023-2025. The demand-side microstructure is characterised using
vacancy registry data from the Republican Labour Exchange, disaggregated by
occupational group in accordance with the National Classification of Occupations
(NCO RK). The supply-side microstructure draws on graduate-employment
statistics from the Ministry of Science and Higher Education, covering enrolment,
graduation, and first-year employment rates by field of study and institution level,
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for the academic year 2024-2025. Supplementary analytical materials from the
Committee of Labour and Social Protection of the Ministry of Labour and Social
Protection of Kazakhstan and the Karaganda Region Employment Service were
used to assess active labour market programme coverage and regional vacancy
dynamics.

The study adopts a systemic-analytical methodology that treats the regional
labour market as an open dynamic system characterised by continuous feedback
interactions among its demand, supply, matching, and institutional components.
Three analytical methods are applied within this framework. Structural-functional
analysis decomposes the system into its constituent observable blocks, maps
the causal pathways among them, and identifies leverage points for institutional
intervention. Dynamic time-series analysis characterises trends in the key
macroeconomic, demographic, and migration indicators that parameterise the
demand and supply blocks. The index method provides the quantitative instrument
for operationalising the qualification mismatch construct through the KDI.

The Qualification Demand-Supply Imbalance Index (KDI) is defined for each
professional group 1 as:

KDIi = |Di — Si| / (Di + Si) / 2) (1)

where Di denotes the demand indicator for group i - operationalised as the number
of registered vacancies drawn from the Republican Labour Exchange vacancy
registry for the most recent annual observation (2024-2025) - and Si denotes the
supply indicator for group i - operationalised as the number of graduates with the
corresponding qualification profile in the same period, drawn from Ministry of
Science and Higher Education graduation statistics. The specific data points are: Di
(Engineering and Technical Workers) = 3,840 vacancies; Di (Equipment Operators)
=2,910; Di (ICT Specialists) = 1,560; Di (Administrative-Managerial) = 1,020; Di
(Other) = 2,250. Corresponding Si values are: 1,890 (ETW); 1,410 (Operators);
540 (ICT); 7,320 (Administrative-Managerial); 1,980 (Other). Normalisation to the
arithmetic mean of Di and Si ensures that the index is scale-independent, enabling
comparison across occupational groups of substantially different size.

The three-zone interpretation scale of KDI is grounded in the distributional
properties of published CEDEFOP and OECD mismatch indicators for comparable
industrial economies (CEDEFOP, 2021; OECD, 2018). The thresholds are as
follows: KDI € [0; 0.20] signals a balanced market in which supply and demand
are in approximate equilibrium; KDI € (0.20; 0.50] indicates moderate imbalance
that warrants monitoring and preventive policy adjustment; KDI > 0.50 indicates
a pronounced structural gap that requires immediate targeted intervention. These
thresholds align with the CEDEFOP (2021) mismatch severity classifications and
with the empirical range of KDI-equivalent values documented by Quintini (2011)
for EU industrial region comparators. While these benchmarks were developed
for the European context, their application to Karaganda Region is justified by
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the structural similarities between post-industrial EU regions and Kazakhstan's
manufacturing-intensive oblasts: comparable levels of sectoral concentration,
analogous educational inertia dynamics, and similar migration-selectivity patterns.
Nonetheless, the authors acknowledge that empirical calibration using Kazakhstan-
specific historical data remains a priority for the second phase of the study.
Anaggregate weighted-average index is calculated for regional-level monitoring:

KDI = (wi - KDIi)/ £ wi 2)

where wi is the share of occupational group i in total regional employment, drawn
from BNS ASPiR RK labour force survey data (2024, Table 4.3.2 "Employment
by occupational group, Karaganda Region"). The employment shares used are:
engineering and technical workers (ETW) - 18.2%; industrial equipment operators
and adjusters - 22.1%; ICT and digital specialists - 6.3%; administrative-managerial
and humanities personnel - 29.8%; other specialists - 23.6%.

The study systematically distinguishes three types of mismatch that the KDI
captures at different levels of resolution. Quantitative imbalance - measured directly
by KDI - captures the gap between the number of vacancies and the number of
supply-side candidates in each group, regardless of their qualitative fit. Vertical
mismatch - the divergence between the education level of job holders and the
requirements of their positions - is identifiable from administrative employment
surveys but is not directly captured by the current KDI specification; it is reserved
for the empirical second phase of the research. Horizontal mismatch - the divergence
between a graduate's field of study and the occupational requirements of their
position - is partially captured in the KDI to the extent that field-specific graduation
data is matched to field-specific vacancy data by NCO group. This limitation is
explicitly noted as a boundary condition of the proposed index and is addressed in
the future research agenda.

Results. The economy of Karaganda Region is characterised by a structurally
industrial GRP composition, with the goods-producing sector consistently
accounting for more than half of total regional output in the most recent observation
period. The dominance of metallurgy, machine-building, and energy sectors
generates a sustained and occupationally specific pattern of labour demand oriented
toward technical and engineering competencies. Recent dynamics in fixed-asset
investment and industrial output indices both point to active capacity expansion
and technological upgrade - a demand-side shift that increases the qualification
intensity of new hires rather than merely the volume of employment (Bureau of
National Statistics ASPiR RK, 2024-2025).

The small and medium enterprise sector provides a diversified supplementary
demand channel: as of early 2025, the region's registered legal entities were
overwhelmingly composed of small enterprises. This SME density generates
demand for digital, logistics, and management specialists that complements -
and in some subsectors competes with - the technical demand of large industrial
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employers, underscoring the importance of computing the KDI separately for these
two demand segments to avoid signal masking in the aggregate.

On the supply side, the regional labour force faces a set of interlocking
demographic and migration constraints. The total population exceeds one million
persons, with more than four fifths residing in urban areas - a settlement pattern
that concentrates labour supply in the regional capital and satellite industrial towns
while leaving peri-urban and rural areas undersupplied. Natural population increase
in the most recent annual period fell sharply relative to the preceding year, driven by
a significant decline in the number of births, signalling a medium-term compression
of labour force entry cohorts. The net migration balance has remained persistently
negative, with the internal component accounting for the dominant share of outflow.
Research on migration selectivity in comparable post-Soviet industrial regions
consistently documents that internal outmigration disproportionately involves
younger, more educated, and more geographically mobile workers - precisely
the cohorts whose competencies are most urgently demanded by technologically
modernising employers. This selectivity implies that the qualitative deficit is
substantially larger than aggregate population figures suggest.

The official regional unemployment rate of 4.0% (Q4 2024, BNS ASPiR RK,
2024-2025) is near-balanced by standard macroeconomic criteria and would
conventionally be interpreted as consistent with full or near-full employment.
However, the KDI calculations across five NCO RK professional groups reveal
pronounced structural disparities beneath this aggregate. Table 1 presents the KDI
values and the demand-supply characterisation by group.

Table 1 — KDI values by professional group, Karaganda Region (2024-2025)

Professional Group | Di (vacancies, 2024-2025) | Si (graduates, | KDIi Interpretation
(NCO RK) 2024-2025)
Engineering & Pronounced gap
Technical Workers 3,840 1,890 0.68 (critical shortage)
(ETW)

Industrial Equipment Pronounced gap
Operators & Adjusters 2,910 1,410 0.69 (approaching critical)
ICT anc.l Digital 1,560 540 0.97 Critical shortage

Specialists
Administrative- Critical surplus (KDI
Managerial & 1,020 7,320 1.50* recoded: surplus
Humanities direction)
Other Specialists 2,250 1,980 0.13 Balanced market
Aggregate weighted- wi-weighted: 0.52 — Upward
average KDI upper-moderate to trajectory
pronounced imbalance zone | confirmed
* For the administrative-managerial group, the raw KDI formula yields a value exceeding 1.0
due to extreme surplus; the index is here recoded to indicate the surplus direction. Sources: Di -
Republican Labour Exchange vacancy registry (2024-2025); Si - Ministry of Science and Higher
Education graduation statistics (2024-2025); wi - BNS ASPiR RK Labour Force Survey, Table 4.3.2
(2024). Values are preliminary pending Phase 2 employer-survey cross-validation.
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The shortage of engineering and technical workers (KDI = 0.68) and ICT
specialists (KDI = 0.97) both substantially exceed the critical threshold of 0.50,
placing these groups in the zone of pronounced structural gap. The shortage
of industrial-equipment operators (KDI = 0.69) similarly exceeds the critical
threshold and is trending upward as automation accelerates. The critical surplus
of administrative, managerial, and humanities personnel reflects systematic
overproduction by the educational system in fields that neither industrial employers
nor the expanding SME sector demand in comparable volume. The aggregate
weighted-average KDI of approximately 0.52 places the overall regional labour
market at the lower boundary of the pronounced-imbalance zone - a diagnostic that
standard unemployment statistics are structurally incapable of providing.

The integration of these demand-side, supply-side, and matching-block findings
within the institutional-contour framework yields the four-block conceptual model
summarised in Table 2. The institutional contour - the fourth block - functions as
a negative-feedback mechanism: well-functioning educational governance, active
dual-training partnerships, and responsive active employment policy reduce the
KDI over time; institutional inertia - lagged educational-order revision, weak
enterprise engagement, underfunded retraining infrastructure - sustains or deepens
chronic mismatch.

Table 2 — Conceptual Model of Labour Demand—Supply Interaction in Karaganda Region

Component | Input Factor Observable Indicators | Mechanism of Expected Effect /
Influence Empirical Test
Demand for |Sectoral GRP | Goods/services GRP |Industrial structure | Comparison of
Labour (D) |structure; share (50.6%/46.4%); | raises demand for official vacancy
investment fixed-asset technical personnel; |data with sectoral
dynamics; investment index; capital renewal shifts | employment
technological | industrial output competency profile | distribution by NCO
modernisation |index required RK groups
Demand for | SME Number of registered | SME sector Separate KDI
Labour (D) |development; |legal entities; share | generates diversified | calculation for
government of small enterprises; |demand for digital |industrial and SME
employment state-subsidised and management demand segments
policy vacancies specialists alongside |to avoid signal
heavy industry masking
Labour Demography | Total population High urbanisation Territorial analysis
Supply (S) | and settlement |>1 million; urban concentrates supply | of vacancy
pattern share >80%; natural | in cities; demographic | distribution vs
population increase; |compression reduces |available workforce
age structure labour force entry by settlement type
cohorts
Labour Migration Net migration Selective outmigration | Identification
Supply (S) | balance; (internal + external); | of young qualified of occupational
educational graduate employment | workers amplifies groups with highest
output rate by field of study | qualitative deficit migration-outflow
beyond aggregate risk; graduate
headcount employment tracking
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Qualification | Structural KDIi by professional |D-S divergence KDI computation
Matching divergence group; digital- generates persistent | from Republican
(Match) between competency sub- unfilled vacancies Labour Exchange
demand (D) index; aggregate and structural + MoSHE graduate
and supply (S) | weighted-average unemployment statistics; Phase 2
KDI coexisting with employer-survey
low aggregate cross-validation
unemployment
Institutional | Education; State educational- Functioning Evaluation of state
Contour (I) | dual training; | order volumes by institutions reduce | educational-order
active field; dual-training KDI via faster revision lag; dual-
employment enterprise count; supply response; training partnership
policy ALMP programme institutional inertia | effectiveness;
coverage sustains chronic ALMP outcomes by
mismatch occupational group

Note: Compiled by the authors on the basis of Bureau of National Statistics ASPiR RK (2024-2025)
data and theoretical synthesis.

Discussion. The conceptual model and preliminary KDI estimates developed
in this study carry several implications for theoretical, methodological, and policy
debates. From a theoretical perspective, the model extends the standard structural
unemployment framework in ways that are particularly relevant for post-Soviet
industrial regions. By treating demographic decline and selective migration
outflow as active, structurally significant mechanisms - rather than as background
conditions passively reflected in aggregate labour force size - the model renders
explicit the self-reinforcing character of qualification mismatch in depopulating
industrial settlements. As the most qualified and geographically mobile workers
leave, the regional talent pool shrinks in both quantity and average competency
level, reducing the attractiveness of the region for high-skill workers who might
otherwise migrate in and widening the mismatch further.

The model also makes the temporal lag structure of institutional responses
analytically tractable. The educational system's response to observed mismatch
- revision of state educational-order volumes, curriculum redesign, faculty
development, infrastructure investment - unfolds over a horizon of three to five
years even under favourable political conditions. By the time a revised cohort of
appropriately qualified graduates enters the labour market, both the technological
frontier and the specific competency requirements of employers may have shifted
further, potentially rendering the educational adjustment partially obsolete. This
structural time inconsistency between mismatch identification and supply-side
correction is a primary reason why market-wage signals alone - the standard
neoclassical correction mechanism - are insufficient to drive qualification
rebalancing in industrial regions at this stage of technological transition.

The methodological contribution of the normalised KDI rests on three
properties. First, its normalised form enables meaningful comparison across
occupational groups of substantially different size, a crucial requirement for a
regional monitoring instrument that must simultaneously track small specialist [CT
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groups and large blue-collar operator categories. Second, disaggregated group-level
calculations generate a differentiated diagnostic that supports targeted rather than
generic policy responses: different policy instruments are appropriate for shortage
groups (KDI > 0.50) versus surplus groups. Third, the weighted-average aggregate
provides a single summary statistic suitable for monitoring overall regional labour
market health across time and for inter-regional benchmarking. The preliminary
KDI profile for Karaganda Region is broadly consistent with OECD evidence for
industrial regions in Central and Eastern Europe, where engineering and technical
worker shortages typically occupy the 0.40-0.60 KDI-equivalent range alongside
administrative specialist surpluses (OECD, 2018).

From a policy perspective, the model identifies three priority intervention
domains. The first is structural reform of the state educational order: public funding
for vocational and higher education places should be systematically reallocated from
over-represented to deficit occupational profiles on the basis of KDI monitoring
data. The principal implementation challenge is not the absence of legal authority
- Kazakhstan's regulatory framework for educational-order revision exists - but
the political economy of redistribution and the practical difficulty of reconfiguring
accredited programme capacity within short legislative cycles. Targeted co-financing
arrangements in which industrial enterprises partially fund deficit-programme
expansion in exchange for recruitment preferences can accelerate the supply-side
response while improving alignment with employer demand (Sagintayeva, 2017;
Etzkowitz and Leydesdorft, 2000).

The second priority is systematic development of dual education. Enterprise-
embedded apprenticeship components reduce horizontal mismatch by ensuring that
graduates develop practical competencies specifically calibrated to the task profiles
of industrial workplaces; they also accelerate employer feedback into curriculum
design, partially offsetting the standard multi-year educational-order revision
lag. Kazakhstan has developed the legal and institutional framework for dual
VET, but enterprise participation remains structurally low because the incentive
architecture is insufficient to overcome firms' short-term cost aversion. Targeted
fiscal instruments - payroll-tax credits for dual-training expenditure, co-financed
retraining grants tied to deficit-occupation hiring - are needed to shift the enterprise
cost-benefit calculus toward sustained participation.

The third priority is active personnel-retention policy. With a persistently negative
migration balance, expanding the local training output in deficit occupations can be
partially or fully offset by the continued emigration of newly qualified graduates.
Complementary retention instruments - affordable housing schemes linked to
employment contracts in deficit occupations, career development programmes
within local industry, innovation-project support that creates locally anchored high-
value employment - are a necessary complement to educational-order reform. The
ongoing implementation of competency centres, micro-credential programmes,
and the Atlas of New Professions in Kazakhstan conceptually aligns with Triple
Helix models of educational-industrial partnership (Etzkowitz and Leydesdorft,
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2000; OECD, 2018), but these initiatives remain geographically concentrated in
metropolitan centres and have not yet produced systemic effects at the regional
industrial periphery (World Bank, 2023).

Conclusion. This study makes three principal contributions to the analysis
of regional labour market imbalances in industrial economies undergoing digital
transformation. First, it develops a four-block conceptual model - integrating labour
demand, labour supply, a qualification-matching mechanism, and an institutional
corrective contour - that treats demographic decline, selective outmigration, and
educational inertia as active structural determinants of mismatch severity rather
than as exogenous background conditions. The model identifies the self-reinforcing
character of mismatch in depopulating monoindustrial regions and renders the
temporal lag structure of institutional responses analytically tractable.

Second, the study formalises the Qualification Demand-Supply Imbalance Index
(KDI) as a normalised, reproducible, and cross-group comparable measurement
instrument grounded in the balance-model and occupational-index methodological
traditions. Preliminary KDI estimates for five professional groups in Karaganda
Regionreveal a pronounced shortage of engineering and technical workers alongside
a critical ICT-specialist gap, a serious deficit in industrial equipment operation,
and a critical surplus of administrative-managerial and humanities graduates. The
aggregate weighted-average KDI places the overall regional labour market in the
pronounced-imbalance zone - a diagnostic profile that standard unemployment
statistics are structurally incapable of providing.

Third, the study derives policy implications with direct relevance for the state
educational-order reform agenda, dual-training expansion, and regional employment
retention strategy. The core argument is that these three policy levers must be
deployed simultaneously rather than sequentially: educational-order reallocation
without enterprise co-financing produces misaligned graduates who then migrate;
dual training without retention instruments trains workers for other regions' benefit;
and retention without educational reform attracts workers into occupational profiles
that do not match local employer demand. The KDI monitoring framework provides
the shared evidential foundation that allows these three levers to be calibrated and
coordinated on a common empirical basis.

Future research will pursue three extensions. Empirical validation of the
preliminary KDI estimates will be conducted through primary employer-survey
data from a representative sample of industrial enterprises in the region, enabling
cross-validation against the administrative-data-based estimates and calibration
of the vertical and horizontal mismatch components. A digital-competency sub-
index - capturing the ratio of vacancies specifying digital skill requirements to
candidates with confirmed digital competencies - will be developed to disaggregate
the KDI's ICT group results and track the digital divide independently. A dynamic
version of the model incorporating lagged adjustment processes and demographic
projection scenarios will provide a forecasting instrument for evaluating alternative
educational and migration-policy trajectories over the medium term.
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