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Abstract. The relevance of the study is determined by the need to strengthen the
integration of the regions of the Republic of Kazakhstan into research and development
(R&D) processes as a key factor in enhancing the country’s intellectual potential and
training a new generation of specialists. Despite ongoing state reforms, significant
territorial disparities persist in terms of scientific activity, development of digital
infrastructure, and availability of qualified human resources. The concentration of
scientific resources and research infrastructure in the cities of Astana and Almaty
limits the participation of peripheral regions in innovation processes and reduces
their competitiveness. The purpose of the study is to provide a theoretical and
methodological justification of mechanisms for integrating Kazakhstan’s regions
into R&D activities and to assess the factors influencing the spatial distribution of
scientific and innovative potential. The research methods are based on systemic,
institutional, and evolutionary economic approaches and include comparative,
statistical, and structural-logical analysis. The empirical basis of the study comprises
data from Stat.gov.kz, the OECD, UNESCO, and the World Bank. The analysis
employs indicators of R&D intensity, number of researchers, publication activity,
the level of digitalization of vocational and higher education institutions, and
employment in high-technology sectors of the economy. The research results reveal a
high concentration of scientific potential in two major metropolitan areas, pronounced
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digital and institutional asymmetry across regions, and a direct correlation between
the number of universities and the share of employment in technological sectors. An
increase in scientific activity in the East Kazakhstan and Karaganda regions indicates
the emergence of new regional innovation centers. The practical significance of the
study lies in the applicability of the findings for developing regional science and
innovation policy, reducing territorial disparities, advancing mechanisms for R&D
commercialization, and training human resources that meet the requirements of an
innovation-driven economy.

Keywords: regional integration, R&D; innovation activity, intellectual potential,
digital infrastructure, human capital, Kazakhstan regions
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AHHOTAUMs. 3epmmeyoiy ozexminiei Kazakcran PecryOnuKkachIHBIH OHIpIICPiH
FBUIBIMU-3EPTTEY JKOHE TOKIPUOETK-KOHCTPYKTOPABIK xyMbictap (F3TKXK)
yZepicTepiHe HHTerpalusuIayibl KYIIEHTY KaXXeTTLTIriMeH ailKbIH 113 Ibl, OYJI eIIiH
3USITKEPIIIK OJICYETIH apTTBIPYIBIH OHE aHa OyblH MaMaHJApbIH JaspiayiablH
Heri3ri (akTopiapbelHblH Oipi OonbIm TaObLIaABl. MeMileKkeTTiK pedopmanapabiH
JKY3ere achIpbLIyblHa KapamacTaH, FbUIBIMH OCJICCHILIIK JeHreii, HuQpPIIbIK
MH(PPaKYPBUTEIMHBIH JaMYBI )KOHE OLTIKTI KaapiiapMeH KaMTaMachl3 €TiTy1 OOWBIHIITA
eNeyn ayMaKTBIK TEHCI3HIKTep cakraiyna. AcTaHa jxoHe AJIMaThl KajalapblHAa
FBUIBIMU PECcypcTap MEH 3epTTey HH(PaKYpPbUIBIMBIHBIH MIOFBIPIAHYBI MIETKEpPi
OHIpJIePIIH MHHOBAIMSUIBIK Y/EPICTEpre KaThICybIH INEKTEI, OJIAPJbIH O9CeKere
KaOUIeTTiirin reMenaereni. 3epmmeyoin maxcamoi Kazaxcran eHipiepin F3TKIK-
Fa MHTETpalusiay TETIKTEPiH TEOPUSUIBIK-d[ICHAMANIBIK TYPFBIAAH HETi3ey JKOHE
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FBUIBIMU-MHHOBALMSUTBIK QJICYETTiH KeHICTIKTIK OeJiHyiHe acep eTeTiH hakTopiaapasl
Oaranay OoibIn TaObUIAABL. 3epmmey 20icmepi KYHEINiK, THCTUTYLIMOHAJIIBIK JKOHE
IBOJIOUHMSIIBIK-YKOHOMHUKAJIBIK TICUIZEpPTe HETi3/eNil, COHIai-aK CalbICThIPMAalbl,
CTaTUCTUKANIBIK JKOHE KYPBUIBIMABIK-TOTHKAIBIK Talgaylbl KaMTHABL. 3epTTeydiH
sMnupuKaiblk 0azaceiH Stat.gov.kz, OECD, UNESCO xone JlyHuexy3inik 0aHk
nepextepi Kypaiiasl. Tangay Oapeickinga F3TKXK KapKbIHABUIBIFEL, 3epTTEyILIiIEp
CaHbl, JKApPUSUIAHBIMIBIK OCNCEHIUNIK, KocilTiK OiniM Oepy yHBIMIAPHIHBIH
uuQpraHabIpy ACHIeHi JKoHE KOFaphl TEXHOIOTHSUIBIK CEKTOpIapAarbl KYMBICIICH
KaMTy KepcCeTKiluTepi mNaijanaHbuigbl. 3epmmey  Homuodicenepi  FHUIBIMH
QJIEYeTTiH €Ki MeramojicTe >KOFapbl ILNOFBIPJIAHFaHbIH, OHIpJep apachbHIAFbl
UUQPIBIK KOHE HHCTUTYLHMOHAJIBIK ACHMMETPHUSHBIH alKblH EKeHiH, COHAai-
aK YHUBEPCUTETTEp CaHbl MEH TEXHOJIOTHSUIBIK CEKTOpJapAa IKYMBICIICH
KaMTBUIFaHIap YJIeCi apachlHAAFbl TiKeJIeld KOppessuusHbl aHbIKTanbl. LIbIFbIC
Kazakcran »xone Kaparanapl oOnbICTapbIH/Ia FBUIBIMA OCJICCHIIUTIKTIH OcCyl jKaHa
OHIPJIIK MHHOBALUSIIBIK OPTAJIBIKTAPIbIH KAJIBINITACHI Kejle KaTKaHbIH KOpCeTeIi.
3epmmey iy npakmuxaIbix Mayvi3vl ANBIHFAH KOPBITBIHABUIAP/bI OHIPIIK FHUIBIMU-
WHHOBAMSJIBIK CasicaTThl d3ipieyde, ayMakThIK TEHCI3OIKTEpAl TeMEHAETYIE,
F3TKXK xomMepuusianablpy —TETIKTepiH AaMBITYla JKOHE HMHHOBAIMSUIBIK
9KOHOMHKAHBIH TalanTapblHa cail KaJpiap aaspiayja naijanaHy MYMKiHAITIMEH
alKbIHAAIa bl.

Tyiiin ce3nep: aifimakthik uHTerpanus, F3TKXK, nHHOBaIUsIIBIK OCICEHIUTIK,
3UATKEPIIK dJieyeT, HUPPIbIK HHPPpaKypbUIBIM, aaMu KannTain, Kazakcran eHipiepi
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AHHOTamUA. AxmyanvHocmsb ucciedosanus OOYCIOBIEHA HEOOXOIUMOCTBIO
YCHJICHUS] MHTETpaliu peruoHoB PecrmyOnuku Kaszaxcran B mporiecchl HayyHO-
HCCIICNIOBATEIILCKAX M ONBITHO-KOHCTPYKTOpPCcKuX pa3paborok (HUOKP) kak
KIIFOYEBOTO (hakTopa IOBBIIICHUS WHTEIUICKTYyaJIbHOTO IOTCHIMANA CTPaHbl M
MOJITOTOBKY  CIICIIMAJIMCTOB HOBOIO TOKOJCHHsS. HecMmoTpss Ha peanuzyemble
TOCYIapCTBCHHBIC PEPOPMBI, COXPAHSIOTCS 3HAYUTEIBHBIC TEPPUTOPHUATHHBIC
JIUCTIPOTIOPIIUU BYPOBHEHAYYHON AKTUBHOCTH, PA3BUTUU U (POBOHUHPPACTPYKTYPBI
U 00CCIEUeHHOCTH KBaTU(HUIIMPOBAHHBIMH KajapaMu. KOHIEHTpaIus HayYHBIX
PECYPCOB U HCCIEIOBATEIBCKOW WHPPACTPYKTYPHI B ropojax AcraHa u AJMaThl
OTpPaHUYMBACT y4acTUE NepU(EPUNHBIX PETUOHOB B MHHOBAIMOHHBIX MPOIECCax U
CHIDKAETHX KOHKYPEHTOCIIOCOOHOCTS. []e/ib UCCied08aHUsA 3aKITHOUASTCS B TEOPETHKO-
METOI0JIOTMYECKOM 000CHOBAaHWM MEXaHW3MOB MHTETpanuu pernoHoB KazaxcraHa
B HUOKP wu onienke pakTopoB, BIAMSIIONIUX HA MPOCTPAHCTBEHHOE PACIIPE/ICIICHUE
HAy4YHOTO ¥ MHHOBAIIMOHHOTO TOTeHIMaNa. Memoobl ucciedoéanusi OCHOBaHbI Ha
CUCTEMHOM, WHCTUTYIIHOHAIBHOM M 3BOJIOIIMOHHO-DKOHOMHUYECKOM TIOIX0/aX, a
TaK)Ke BKJIFOUAIOT CPABHUTEIBHBIN, CTATUCTHUUYCCKHA U CTPYKTYPHO-JIOTUYCCKUI
aHaIM3. DOMIUPUYECKYI0 0a3y HCCICOBaHUS COCTaBIISIOT JaHHbIC Stat.gov.kz,
OECD, UNESCO wu BcemupHoro Oanka. B aHanu3e HCIONB30BaHbI MOKAa3aTeIH
nateHcuBHoctd  HUOKP, uwucnenHoctu wuccnenoBareneid, MmyOIMKalMOHHON
AKTUBHOCTU, YPOBHSA  IH(PPOBHU3AIMK  YUPSKICHHNA  MPOPECCHOHAIBHOTO
o0pa3oBaHUsi W 3aHSATOCTH B BBICOKOTEXHOJIOTUYHBIX CEKTOpaX SKOHOMHKH.
Pesynomamst  uccnedosanuss BBISBUIM  BBICOKYH) KOHIICHTPAIMIO HAyYHOTO
MOTEHIMAJIA B JIByX METaIoJInCaX, BRIPAKECHHYIO IU(DPOBYIO U MHCTUTYIIHOHAIBHYIO
ACUMMETPHUIO0 MEKIY PETHMOHAMH, a TaKXKe NMPSIMYH KOPPEISIUI0 MEKIY YHUCIOM
YHHBEPCUTETOB U JOJICH 3aHSATHIX B TEXHOJIOTHUECKHUX CEKTOPax. 3a)MKCUPOBaH POCT
Hay4YHOH akTMBHOCTH B Boctouno-Kaszaxcranckoii m KaparannuHCkod o00macTsix,
YTO CBUJCTEIBCTBYET O (DOPMUPOBAHMHM HOBBIX PETHOHAJBHBIX WHHOBAIIMOHHBIX
LUEHTPOB. [Ipaxmuueckas 3HaUUMOCMb UCCICIOBAHUS 3aKITIOUACTCS B BO3ZMOXHOCTH
WCTIOJb30BaHUS TIOJYYCHHBIX BBHIBOJIOB TIPU pa3pabOTKe PETHOHATIBHOW HAy4YyHO-
WHHOBAIIMOHHON TIOJHMTUKH, CHWKECHUU TEPPUTOPUANBHBIX JUCIPOIOPIIUH,
pa3BuTuu MexaHu3MoB komMmeprumanmzanmu HUWOKP u momroroBke kaupos,
COOTBETCTBYIOIIUX TPEOOBAHHUSIM WHHOBAIIMOHHON SKOHOMHKH.

KaroueBsie ciioBa: peruonansHass wunterpanus; HUOKP; wHHOBanmoHHast
AKTUBHOCTH, WHTEJUICKTYyalIbHBI TOTCHIMAN;, UU(poBas HHPPACTPYKTYPa;
YeJIOBEUSCKUIN KanmuTal; peruoHsl Kazaxcrana

Bnazooapnocms. Hacmosuyas cmamos noo2omoeieHa 8 paMKAX HAYYHO20
npoexkma JKTH AP26198249 «Hccnedosanue UHHOBAYUOHHBIX NHOOX0008 K
nPeodoNenUut0 pecuoHAIbHO20 HepaseHcmea 6 docmyne k HUOKP 6 unmepecax
NOGbIULEHUS. UHMETLIEKMYAlbHO20 asanzapoa Kazaxcmanay

Introduction. The modern knowledge-based economy reinforces the importance
of human capital, innovation activity, and the ability of regions to participate in

() O & 618




ISSN 1991-3494 6. 2025

national and global scientific and technological processes. In the context of
accelerating digitalization, the effectiveness of a country’s development is largely
determined by the degree of distribution of scientific potential and the capacity of
all regions to engage in research and development (R&D) activities (OECD, 2020;
OECD, 2023). For Kazakhstan, which is characterized by significant territorial
heterogeneity, this issue acquires strategic relevance: the concentration of research
resources in the cities of Astana and Almaty creates a noticeable gap between
the center and the periphery, limiting the potential for sustainable development
(Mukhamediyev & Spankulova, 2022).

Despite ongoing government initiatives aimed at modernizing the education
and science systems, the inclusion of remote regions in R&D processes remains
fragmented. Regional universities and research centers face institutional, human
resource, and infrastructural constraints that reduce their ability to participate
in the national innovation system (Etzkowitz & Leydesdorff, 2013). At the same
time, global trends - digital transformation, the expansion of remote educational
and research formats, and the growing demand for high-technology skills - create
new requirements for training the “next generation” of specialists (UNESCO, 2023;
OECD, 2023).

Regional disparities in R&D are manifested in the persistent dominance of two
national scientific centers, while most regions show low levels of research activity,
limited opportunities for training qualified personnel, and insufficient digital
infrastructure (OECD, 2018). This reduces the intellectual potential of regions
and hinders the development of innovation ecosystems capable of generating and
commercializing new knowledge (Lundvall, 2010; Foray et al., 2018). Integrating
regions into the national scientific space requires a new methodological approach
that considers institutional specificities and the socio-economic context of regional
development.

In this context, there is a need for a theoretical and methodological justification
of mechanisms for integrating Kazakhstan’s regions into R&D processes, aimed at
enhancing intellectual activity, developing research competencies, and preparing
highly qualified specialists. This involves not only expanding access to scientific
resources but also building a sustainable network infrastructure that ensures
cooperation among universities, research centers, businesses, and government
institutions (Hoglund & Linton, 2018; Reid & Maroulis, 2017).

The purpose of this study is to determine the scientific and methodological
foundations for integrating Kazakhstan’s regions into national R&D processes as a
factor in strengthening their intellectual potential and preparing the next generation
of specialists. The research tasks include identifying key regional barriers and
opportunities, conducting a comparative analysis of R&D indicators, determining
the role of universities in developing human and scientific capacity, and developing
approaches aimed at reducing regional disparities and improving the effectiveness
of innovation policy.

Literature Review. Research on regional development in science and innovation
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is grounded in a set of conceptual approaches that define the role of regional innovation
systems (RIS) and the conditions for building scientific potential. Classical studies
on national innovation systems emphasize the importance of interaction among
education institutions, research organizations, businesses, and government bodies in
generating knowledge and disseminating technologies (Lundvall, 2010). According
to the “triple helix” model of university—industry—government relations, synergy
among key actors forms the foundation for innovation dynamics and economic
transformation (Etzkowitz & Leydesdorff, 2013). This model was later extended to
the quadruple helix, incorporating civil society - an especially relevant aspect for
peripheral regions with limited institutional networks (Hoglund & Linton, 2018).

Contemporary international research confirms that the effectiveness of regional
innovation systems depends on the quality of the institutional environment, the
level of human capital, and the availability of specialized infrastructure (OECD,
2020; OECD, 2023). Regions with low R&D activity are typically characterized by
a shortage of research personnel, weak integration of universities with industry, and
the absence of technology transfer centers (OECD, 2018). These observations align
with the conclusions of Foray, Morgan and Radosevic, who argue that successful
implementation of smart-specialisation strategies requires concentrating resources
on narrow fields aligned with unique regional strengths (Foray et al., 2018).

The challenges of peripheral regions in science and innovation are highlighted
in the works of both Kazakhstani and international scholars. Mukhamediyev and
Spankulova (2022) demonstrate the relationship between innovation activity, the
efficiency of regional human resources, and economic growth. The authors note
significant differences between central and peripheral regions caused by uneven
digital infrastructure and the lack of sustainable university—industry collaboration
models. Similar conclusions can be found in Clarke, Jones and Lacy (2015), who
emphasize the role of educational investment and workforce quality in building
regional competitiveness.

International practice shows that under spatial differentiation, key tools for
regional inclusion involve platform-based solutions, digital remote-access services,
and enhanced support for research mobility (UNESCO, 2023; EU4Education, 2023).
According to OECD (2023), regions integrated into digital scientific networks and
cloud-based collaborative research platforms demonstrate higher levels of knowledge
commercialization and better training outcomes for technologically advanced sectors.
At the same time, experts stress that building a digital ecosystem is impossible
without systematic investments in teacher training, curriculum modernization, and
the development of educators’ competencies (OECD, 2023; UNESCO, 2023).

Another line of research focuses on the development of R&D commercialization
instruments. Studies by Kenzhaliyev et al. (2021) and OECD reports (R&D intensity
case studies, 2020) show that the absence of local venture capital funds, technology
transfer offices, and sustainable financing mechanisms significantly weakens regions’
ability to implement research outcomes. Reid and Maroulis (2017) emphasize that
the transition from strategy to implementation is possible only in the presence of
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a comprehensive monitoring framework that incorporates input—output—outcome—
impact metrics.

In addition, studies of European and Asian regions demonstrate that limited
access to high-speed internet, digital laboratories, and remote learning tools is one
of the main barriers to preparing the next generation of specialists (OECD, 2023;
UNESCO, 2023). For Central Asian countries, digital infrastructure becomes a
decisive factor for developing human capital and reducing regional disparities.

Overall, the literature indicates that integrating peripheral regions into
national R&D processes requires a combination of institutional development,
modernization of the educational environment, digital transformation, and support
for commercialization. Academic publications underline the need to move away
from a centralized model of research resource allocation toward more networked,
inclusive, and regionally adaptive mechanisms capable of stimulating the growth of
intellectual potential and forming a competitive workforce.

Materials and methods. The methodological framework of the study is based on
systemic, institutional, and evolutionary-economic approaches, which together make
it possible to comprehensively evaluate the processes of integrating Kazakhstan’s
regions into research and development (R&D) activities. The systemic approach
enables the consideration of education, science, innovation, and employment as
interconnected elements of a unified model for shaping regional intellectual potential
(Lundvall, 2010; OECD, 2023). The institutional approach allows for assessing
the role of universities, research centers, businesses, and government structures in
building regional innovation ecosystems (Etzkowitz & Leydesdorff, 2013; Hoglund
& Linton, 2018). The evolutionary-economic approach is applied to explain the
accumulation of knowledge that affects the ability of regions to adapt to technological
changes.

The empirical base of the research consists of statistical data from the Bureau
of National Statistics of the Republic of Kazakhstan, OECD, UNESCO, and the
World Bank, as well as regional indicators of innovation activity and infrastructure
for 2023-2024 (Stat.gov.kz, 2024). The dataset includes the number of researchers
by region, R&D intensity, expenditure on research and development, the number of
universities and their publication activity, characteristics of the digital infrastructure
of vocational education institutions, and metrics related to employment in high-tech
sectors.

Results. The results of the study reveal a pronounced regional asymmetry in
research and innovation activity across Kazakhstan. Analysis of statistical data
from the Bureau of National Statistics of the Republic of Kazakhstan (2023-2024)
demonstrates that scientific potential is predominantly concentrated in the two
largest urban agglomerations - Astana and Almaty. These regions lead in the number
of researchers, the share of enterprises engaged in R&D, and the volume of funding
allocated to scientific activities.

Table 1 presents key indicators of innovation activity across major regions of the
country. The data illustrate a significant gap between the leading scientific centers

621 (0 O &




SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS

and the peripheral regions, where less than 3% of enterprises are involved in research

activities.

Table 1. Innovation Activity by Regions of Kazakhstan (Stat.gov.kz, 2023-2024)

Region Share of Enterprises Number of R&D Expenditures
Engaged in R&D (%) researchers (billion KZT)

Almaty city 22.5 10,450 210.3
Astana city 18.9 8,130 182.7
Karaganda Region 11.2 5,420 97.1

East Kazakhstan Region 9.3 4,870 84.5

Ulytau Region 2.8 740 9.2

Source: Stat.gov.kz, 2023-2024

Additional analysis of key structural characteristics of R&D is presented in Table
2, which compares the number of researchers, the number of universities, publication
activity, and the prevalence of online programs across regions.

Table 2. Key R&D Indicators by Regions of Kazakhstan (2023-2024)

Region Number of Number of Publications Share of Online

researchers universities (Scopus, 2023) Programs (%)
Almaty city 10,450 38 11,200 78
Astana city 8,130 23 8,540 82
Karaganda Region 5,420 10 2,450 64
iisgtiiazakh“an 4,870 7 1,120 58
Aktobe Region 3,720 6 670 49
Kostanay Region 2,650 5 — —
Zhambyl Region 1,780 4 — —
Ulytau Region 740 2 — —
Source: Stat.gov.kz, 2023-2024 (authors’ calculations).

The data presented in Table 2 confirm a persistent gap between central and
peripheral regions. Almaty and Astana together account for more than half of all
scientific publications in the country. Meanwhile, Ulytau, Zhambyl, and Kostanay
regions demonstrate no measurable publication activity, indicating a critical shortage
of scientific infrastructure.

Graphical analysis (Figure 1) illustrates the territorial concentration of research
activity: Astana accounts for 28%, Almaty for 24%, and Karaganda for 15%. This
distribution aligns with international findings on the dominance of agglomeration
effects in innovation activity (Lundvall, 2010; Mukhamediyev & Spankulova, 2022).

The correlation between the number of universities in a region and the share of
employment in technical sectors (Figure 2) reveals a pronounced positive relationship.
Regions with a more developed university network show higher employment rates of
graduates in high-tech industries, confirming the key role of universities in building
intellectual potential (Etzkowitz & Leydesdorff, 2013; OECD, 2020).
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Correlation between Number of Universities and Employment in Technical Sectors (Kazakhstan, 2024)
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Figure 1 - Correlation between the Number of Universities and the Share of Employment in Technical
Sectors in Kazakhstan, 2024

Particular attention is given to the analysis of the digital infrastructure of technical
and vocational education and training (TVET), which represents a crucial factor in
preparing the next generation of specialists. Table 3 presents regional indicators of
access to high-speed internet, the use of digital learning platforms, and the level of
digital competencies among teachers.

Table 3. Level of Digital Infrastructure in TVET Institutions by Regions of Kazakhstan, 2024

Region Share of Colleges with Use of LMS Digital Competencies of
High-Speed Internet (%) (%) Teachers (0-100)

Almaty city 96 92 88

Astana city 94 90 85
Karaganda Region 85 78 73
ﬁzeusgti(l)(nazakhstan 82 75 70
Turkestan Region 74 60 58
Zhambyl Region 71 58 55
Mangystau Region 76 65 62
Kostanay Region 80 72 67
Source: compiled based on data from the Bureau of National Statistics of the Republic of
Kazakhstan, UNESCO, UNEVOC (2024).

The obtained data confirm three key findings of the study:

1. A strong territorial concentration of scientific potential, where Almaty and
Astana accumulate the majority of the country’s research resources.

2. Growing scientific activity in certain industrially developed regions, such as
East Kazakhstan and Karaganda.

3. Significant digital differentiation across regions, which directly affects the
quality of specialist training and the ability of institutions to participate in R&D
activities.

These results form the basis for developing mechanisms to integrate regions into
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the national scientific system and highlight the need to reduce digital and institutional
disparities.

Discussion. The findings of the study confirm a significant territorial heterogeneity
in Kazakhstan’s scientific and innovation development, consistent with international
research highlighting the spatial concentration of knowledge and technology within
major urban agglomerations (Lundvall, 2010; OECD, 2020). The dominance
of Astana and Almaty in the national R&D structure reflects a typical “center—
periphery” pattern, in which innovation processes are concentrated in regions with
advanced infrastructure and high levels of human capital. This aligns with the
“triple helix” model of university—industry—government interaction (Etzkowitz &
Leydesdorff, 2013), which posits that major scientific centers generate a critical
mass of knowledge and create favorable conditions for commercialization.

At the same time, the positive dynamics observed in East Kazakhstan and
Karaganda Regions support the arguments of smart specialisation studies (Foray
et al., 2018), suggesting that peripheral regions can develop growth points when
resources are focused on locally embedded competencies. The increase in publication
activity and industrial development in these regions indicates the potential formation
of new innovation clusters beyond the major metropolitan areas.

Digital infrastructure emerged as one of the key determinants of regional capacity
to participate in R&D and to prepare the next generation of specialists. Regional
differences in access to high-speed internet, the use of LMS platforms, and the digital
competencies of teachers correspond with UNESCO and OECD findings that the
digital environment constitutes not only a technological factor but also a structural
prerequisite for the modernization of educational systems (UNESCO, 2023; OECD,
2023). Insufficient digitalization in TVET institutions in Zhambyl, Turkestan and
several western regions undermines their competitiveness and limits opportunities
for participation in network-based scientific activities.

An important finding is the positive correlation between the number of universities
and the share of employment in high-tech sectors. This aligns with the arguments of
Mukhamediyev and Spankulova (2022), who show that human capital and innovation
activity are strengthened when supported by a developed educational ecosystem.
Universities fulfil not only educational but also research, entrepreneurial and social
functions, forming local actor networks and serving as regional development nodes.

However, the analysis reveals several systemic constraints that hinder regional
integration into the national innovation system. First, institutional fragmentation
persists - characterized by weak linkages between universities, enterprises and
local authorities - which is consistent with the conclusions of Hoglund and Linton
(2018). The absence of technology transfer centers and the low level of R&D
commercialization in peripheral regions corroborate the findings of Kenzhaliyev
et al. (2021) and OECD R&D intensity case studies, demonstrating that the lack
of venture financing and innovation infrastructure substantially reduces returns on
research investment.

Second, the low mobility of researchers limits knowledge diffusion and the
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formation of sustainable collaboration networks. International experience shows
that mobility is one of the most effective mechanisms for integrating regions into
global knowledge chains (Reid & Maroulis, 2017); yet in Kazakhstan it remains
constrained by limited funding and the lack of mobility programs specifically
designed for peripheral regions.

Third, the persistence of the digital divide significantly affects the quality of
human capital development and the capacity of regions to engage in R&D. This
is particularly critical in the context of the Fourth Industrial Revolution, where
proficiency in digital tools, analytical platforms and remote laboratory systems
becomes a fundamental component of professional training (UNESCO, 2023).

Overall, the results demonstrate that integrating Kazakhstan’s regions into national
scientific and research activity requires a transition from centralized allocation of
resources toward a multi-level, network-based model of regional development. Such
a model should incorporate:

1. The development of scientific and digital infrastructure;

2. Strengthening universities as local knowledge hubs;

3. Building mechanisms for R&D commercialization;

4. Increasing researcher mobility;

5. Scaling smart specialisation practices.

Thus, the findings align with international evidence and confirm that sustainable
growth of Kazakhstan’s intellectual potential is achievable only through systemic
regional support, expanded access to digital resources, and the formation of an
integrated innovation ecosystem.

Conclusion The conducted research has made it possible to identify the key
patterns and barriers affecting the integration of Kazakhstan’s regions into scientific
and innovation activities, as well as to determine the mechanisms for strengthening
regional intellectual capacity in the context of digital transformation. Based on
statistical analysis, comparative assessments of regional disparities, and theoretical—
methodological frameworks, the following main conclusions can be drawn:

Kazakhstan is characterized by a pronounced territorial asymmetry in R&D
activity, where scientific potential and human resources are concentrated primarily
in Astana and Almaty. Most peripheral regions exhibit low research activity, limited
digital infrastructure, and a shortage of qualified specialists. This highlights the need
to transition toward a more inclusive model of innovation-driven development.

Universities act as key drivers in shaping regional intellectual potential,
influencing employment in technical sectors, publication output, and the ability
of regions to participate in R&D. Strengthening university ecosystems, expanding
research-training programs, and establishing technology transfer centers are essential
strategic directions.

Digital infrastructure is identified as a strategic factor in modernizing workforce
preparation. Strong regional disparities in access to high-speed internet, LMS
platforms, cloud services, and teachers’ digital competencies significantly affect
access to modern educational technologies and the ability of colleges and universities
to participate in network-based scientific projects.
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Effective integration of regions into the national innovation system requires a
comprehensive institutional approach, including the development of scientific
infrastructure, increased researcher mobility, creation of R&D commercialization
mechanisms, and implementation of smart-specialisation strategies tailored to
unique regional competencies.

The practical significance of the study lies in its potential application for shaping
regional science development strategies, improving educational programs, planning
state support measures for R&D, and modernizing the digital infrastructure of
professional education.

Future research may focus on:

- developing models for assessing the effectiveness of regional R&D integration;

- constructing regional indices of scientific and innovation development;

- studying the specifics of cooperation between universities and industrial clusters;

- designing mechanisms to support researcher mobility and digital platforms for
remote laboratories;

- evaluating the impact of smart specialisation on the emergence of new growth
points in peripheral regions.

Overall, the results of the study confirm that the integration of Kazakhstan’s
regions into scientific research activities is a key prerequisite for strengthening the
country’s intellectual potential and preparing a new generation of highly qualified
specialists capable of effective participation in the innovation economy.
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