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IDENTIFYING THE RELATIONSHIP BETWEEN HIGHER EDUCATION RESOURCES AND
ENTERPRISE INNOVATION ACTIVITY

The article examines the relationship between higher education resources and enterprise innovation activity
across Kazakhstan’s regions. The study aims to assess the direction and robustness of associations between higher
education indicators and the share of innovation-active enterprises. Olfficial data from the Bureau of National
Statistics for 2018-2025 were analysed. A territorially comparable panel covering 17 regions was constructed,
accounting for administrative changes. Descriptive statistics and regression models with region and year fixed effects,
one-year lags of explanatory variables, and clustered standard errors were applied. Statistical significance was
assessed using a wild cluster bootstrap.

Differences in educational, scientific, and economic indicators were identified. The baseline model yielded a
positive association between student numbers relative to population and enterprise innovation activity, significant at
the 10% level. After R&D personnel numbers were included, statistical support for this association was no longer
established. No statistically significant associations were found for graduate numbers or teaching staff numbers.
Statistical conclusions were shown to depend on the explanatory variables included. Opportunities for using the
findings to assess university-enterprise interaction were identified. The empirical novelty lies in comparing three
higher education indicators within a regional panel while accounting for economic conditions and scientific
personnel. The estimates represent conditional statistical associations.

Keywords: human capital, knowledge transfer, interregional mobility, spatial heterogeneity, technological
cooperation, skilled labour market, absorptive capacity.

Kinm ce30ep: adamu xanuman, Oinim mpaucgepi, OHIPAPANLIK YMKbIPILIK, KEeHICMIKMIK dPKeKiliK,
MEeXHOI02UANBIK bIHMbIMAKMACMbIK, OLIIKmI enbeK Hapblevl, OiniMoi ueepy Kabiiemi.

Knioueevie cnosa: wuenoseueckuu xanuman, mpaumcgep 3HAHUL, MENCPELUOHANLHASL  MOOULHOCD,
NpOCMPANCMBEHHAA HeOOHOPOOHOCHb, MEXHOIO0SUUECKOe COMPYOHUYECE0, PLIHOK KEANUPUYUPOSAHHO20 mpyoa,
abcopbyuonnas cnocooHocmo.

Introduction. Higher education provides the human capital and research foundation of an innovation-
driven economy. Universities train specialists, generate knowledge, and undertake joint projects with
enterprises. However, the regional outcomes of these processes depend on the conditions for interaction
between science and business [1]. Expanding educational resources therefore requires an assessment of
their relationship with enterprise innovation activity.

The relevance of this study to Kazakhstan stems from differences in the location of universities,
economic structure, and the availability of research personnel. Student numbers reflect the location of study,
while graduates may apply their qualifications in other regions [2-4]. It remains unclear whether
associations between educational indicators and innovation activity [5] persist after accounting for
economic conditions and scientific resources [6-7].

The study aims to establish the direction and robustness of statistical associations between student
enrolment, graduate output, and teaching staff and the innovation activity of enterprises across
Kazakhstan’s regions. The objectives are to:
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- construct a territorially comparable panel of educational, scientific, and economic indicators for
Kazakhstan’s regions;

- test three hypotheses concerning the associations of student numbers, graduate output, and teaching
staff numbers with enterprise innovation activity;

- assess the robustness of the identified associations after additionally accounting for regional research
personnel.

The study used official data from the Bureau of National Statistics for 2018-2025 [8]. Territorial
comparability was ensured by aggregating indicators for newly established regions with those of their
original regions. Educational and scientific indicators were calculated relative to population size.
Descriptive statistics and panel regressions with region and year fixed effects were applied. Explanatory
variables were included with a one-year lag. Nominal gross regional product per capita and the share of
manufacturing were controlled for. Standard errors were clustered by region. Statistical significance was
assessed using a wild cluster bootstrap. The results are interpreted as conditional statistical associations.

Literature review. The relationship between higher education and innovation is examined through
workforce training, knowledge creation, and interaction with enterprises. Bonaccorsi et al. identified
complementarities between universities’ teaching and research activities, with graduate training making a
notable contribution to enterprise performance [1]. Joshkun et al. demonstrated the importance of digital
infrastructure for developing literacy, although their study of schoolchildren does not examine regional
innovation outcomes [2]. Akimov et al. synthesised 48 studies on open innovation competencies,
emphasising the need to develop skills alongside technological provision [3].

Faggian and McCann link regional innovation to graduate mobility. The location of study therefore
does not necessarily coincide with the location where qualifications are applied [4]. Kurmanov et al.
examine regional heterogeneity in Kazakhstan’s conditions [5]. Perkmann et al. identify organisational
conditions for collaboration between researchers and business [6], while Medina-Bueno et al. examine
institutional barriers to university engagement in resource-based regions [7].

This synthesis indicates that the scale of educational resources does not guarantee innovation
outcomes. Their relationship with enterprise innovation activity in Kazakhstan remains insufficiently
understood. Accordingly, the study tests hypotheses concerning positive associations between student,
graduate, and teaching staff numbers relative to population size and enterprise innovation activity.

Main section. A panel comprising 136 observations across 17 comparable territories of Kazakhstan
for 2018-2025 was constructed to assess the relationship between higher education and enterprise
innovation activity [8]. Table 1 summarises the distribution of the educational, scientific, and economic
indicators used in the regression analysis.

Table — 1
Descriptive statistics for the study variables*

Variable N Mean Standard deviation Min. Max.
Enterprise innovation activity, % 136 10.13 3.61 3.44 18.39
Students per 10,000 population 136 286.80 233.41 47.73 1,049.24
Graduates per 10,000 population 136 75.47 63.21 8.62 304.19
Teaching staff per 10,000 population 136 17.18 15.00 0.45 69.45
R&D personnel per 10,000 population 134 10.47 11.69 0.91 51.32
Nominal GRP per capita, million tenge 136 5.41 411 0.84 23.33
Manufacturing share of GRP, % 136 14.43 9.06 2.81 35.83

*calculated by the authors using data from [8].

Table 1 reveals substantial differences in enterprise innovation activity across regional observations.
The indicator ranges from 3.44 to 18.39%, with a mean of 10.13%. For example, Mangystau Region
recorded the minimum value in 2019. Pavlodar Region reached the maximum in 2024. The difference
between the regions was 14.95 percentage points.

The mean number of students in Kazakhstan was 286.80 per 10,000 population, with a standard
deviation of 233.41. Turkestan Region recorded 47.73 students per 10,000 population in 2022, compared
with 1,049.24 in the city of Shymkent in 2019. These values describe the distribution of students by location
of study. The data do not directly measure access to higher education for regional residents. Similar
heterogeneity was observed in graduate output. The mean reached 75.47 graduates per 10,000 population,
with a range of 8.62-304.19.
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Human resources in higher education and science are also unevenly distributed. The mean numbers
of teaching staff and R&D personnel were 17.18 and 10.47 per 10,000 population, respectively. The
standard deviations reached 15.00 and 11.69, respectively, indicating substantial dispersion across
observations. Because two confidential values for R&D personnel were unavailable, 134 observations were
used instead of 136.

Regional economic conditions differ to a similar extent. Nominal GRP per capita ranges from 0.84 to
23.33 million tenge. The manufacturing share of GRP ranged from 2.81 to 35.83%. Both indicators are
therefore included in the regressions. Persistent characteristics of Kazakhstan’s territories and common
annual changes are controlled for using region and year fixed effects. The three baseline models separately
test the associations of innovation activity with student numbers, graduate numbers, and teaching staff
numbers. Explanatory variables are included with a one-year lag. Table 2 presents the estimates obtained
from a common sample of 118 observations for 2019-2025.

Table — 2

Baseline models of the relationship between higher education and enterprise innovation activity*

Model 3.
. - Model 1. Model 2. .
Variable / characteristic Students, H1 Graduates, H2 Teach:_r;ag staff,
.0111*
Students per 10,000 population, t-1 (00.00055) - -
. 0.0116
Graduates per 10,000 population, t-1 - (0.0303) -
Teaching staff per 10,000 population, t-1 - - 0.1085 (0.1741)
. . -4.6683**
Log of nominal GRP per capita, t-1 -4.6209** (2.3979) -4.2408** (2.4906) (2.8186)
-0.0245 0.0049 -0.0065
M f i h f GRP, t-1
anufacturing share of GRP, t (0.2054) (0.2044) (0.2080)
p for the higher education indicator: 0.061 0.707 0.542
cluster-based test
p for the higher education indicator: wild 0.073 0.687 0.507
bootstrap
R? within 0.073 0.039 0.043
Number of observations 118 118 118
Number of territories 17 17 17
Period covered by the dependent variable 2019-2025 2019-2025 2019-2025
Region and year fixed effects Yes Yes Yes
Hvpothesis test result Weak support for H1 at H2 H3
s 10% not supported not supported

*calculated by the authors according to the data of the source [8].***p < 0.01; ** p < 0.05; * p < 0.10.

Table 2 shows a positive association between student numbers relative to population size and
enterprise innovation activity in the baseline model. The coefficient was 0.0111, with a clustered standard
error of 0.0055. Holding other factors constant, an increase of 100 students per 10,000 population in the
preceding year is associated with a 1.11 percentage point increase in innovation activity. However,
statistical support for H1 is limited to the 10% level. The cluster-based test yields p = 0.061, while the
cluster bootstrap yields p = 0.073.

Positive coefficients of 0.0116 and 0.1085 were obtained for graduate numbers and teaching staff
numbers, respectively, but neither association was statistically significant. The bootstrap test yields p =
0.687 for graduates and p = 0.507 for teaching staff. Accordingly, H2 and H3 were not supported. These
results do not establish the absence of an association. A one-year lag and regional indicators drawn from
statistical observations may not fully capture graduate employment and university—enterprise interaction.

A negative association with innovation activity was observed for the log of nominal GRP per capita.
The coefficients range from —4.2408 to —4.6683 and are significant at the 5% level according to the
bootstrap test. They cannot be interpreted as a negative effect of economic development because GRP is
measured at current prices and the estimates represent conditional statistical associations. The coefficients
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for the manufacturing share are close to zero, ranging from —0.0245 to 0.0049, and are statistically
insignificant in all three models.

After removing region and year effects, the models explain between 3.9 and 7.3% of the remaining
variation in innovation activity. The highest R? within, 0.073, was obtained in the model with students. This
value alone does not establish the superiority of this indicator over graduate output or teaching staff
numbers. To assess robustness, lagged R&D personnel numbers per 10,000 population were additionally
included in each specification. The extended models were estimated using the same sample of 118
observations across 17 territories. Table 3 presents the results.

Table — 3
Robustness assessment accounting for regional scientific resources*
Model 6.
. . Model 4. Model 5. .
Variable / characteristic Students, H1 Graduates, H2 Teach:-r|1§ staff,
.0107
Students per 10,000 population, t-1 (8.8022) - -
.0024
Graduates per 10,000 population, t-1 - (8.8298) -
. . 0.1016
Teaching staff per 10,000 population, t-1 - - (0.1802)
. . -4.7014**
Log of nominal GRP per capita, t-1 -4.6659** (2.2223) -4.2092** (2.2172) (2.5850)
-0.0314 -0.0052 -0.0142
M f; i h f GRP, t-1
anufacturing share of GRP, t (0.2050) (0.2017) (0.2065)
. 0.2252 0.2337 0.2340
R&D personnel per 10,000 population, t-1 (0.2018) (0.2215) (0.2216)
p for the higher education indicator: 0.057 0.936 0.581
cluster-based test
p for the higher education indicator: wild 0.128 0.932 0.576
bootstrap
R? within 0.101 0.067 0.073
Number of observations 118 118 118
Number of territories 17 17 17
Period covered by the dependent variable 2019-2025 2019-2025 2019-2025
Region and year fixed effects Yes Yes Yes
Hvpothesis test result Support for H1 is not H2 H3
yp robust not supported not supported

*calculated by the authors according to the data of the source [8].*** p < 0.01; **p < 0.05; *p < 0.10.

Table 3 shows that, after regional scientific resources were included, the coefficient for student
numbers remained positive and declined from 0.0111 to 0.0107. An increase of 100 students per 10,000
population in the preceding year is associated with an increase in innovation activity of approximately 1.07
percentage points. However, the association was no longer significant according to the cluster bootstrap
test. P increased from 0.073 to 0.128, indicating that support for H1 was not robust.

Coefficients of 0.0024 and 0.1016 were obtained for graduate numbers and teaching staff numbers,
respectively. Neither was statistically significant in the corresponding extended specification. The graduate
coefficient declined by approximately 79% relative to the baseline model, while the estimate for teaching
staff declined by 6%. The results in Table 3 do not support H2 or H3 after accounting for R&D personnel
numbers.

The positive coefficients for research personnel ranged from 0.2252 to 0.2340, but their statistical
significance was not established. Bootstrap p-values range from 0.364 to 0.421. Including the R&D
indicator increased R? within from 0.073 to 0.101 in the student model, from 0.039 to 0.067 in the graduate
model, and from 0.043 to 0.073 in the teaching staff model. The extended models explain a slightly larger
proportion of the variation in innovation activity. However, none of the educational indicators exhibits a
robust statistically significant association at the 5% level. These findings provide the basis for the
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concluding assessment of the relationship between higher education resources and enterprise innovation
activity in Kazakhstan.

Conclusion. This study assessed the relationship between higher education resources and enterprise
innovation activity using a panel of 136 observations across 17 territories of Kazakhstan for 2018-2025.
The study’s objective was achieved by testing three hypotheses in six regression models with region and
year fixed effects, one-year lags of explanatory variables, and a common sample of 118 observations.

A positive association between student numbers relative to population size and innovation activity
was identified in the baseline model. An increase of 100 students per 10,000 population is associated with
a 1.11 percentage point increase in the share of innovation-active enterprises. After R&D personnel were
included, the estimate was 1.07 percentage points. However, the bootstrap test did not confirm its statistical
significance. The hypotheses concerning positive associations of graduate output and teaching staff
numbers with innovation activity also received no statistical support. Thus, none of the three educational
indicators demonstrated robust significance at the 5% level.

The empirical novelty lies in testing three educational indicators while accounting for economic
conditions and research personnel within a territorially comparable panel that incorporates the
administrative changes of 2022. Comparing the baseline and extended models showed that the coefficient
for student numbers remains positive, but statistical support for this association depends on the
specification.

The findings can be used to assess regional programmes supporting interaction between the country’s
universities and enterprises. Since quantitative resources alone are insufficient to assess such interaction,
student, graduate, and teaching staff indicators should be supplemented with information on joint projects,
employment, and the implementation of research outputs.
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Hypraosuio M.H., CapcenoBa A.E., Xumayesa K.T., Epemuna A.1O.

KOTAPBI BUIIM BEPY PECYPCTAPBI MEH KOCIHIIOPBIHJIAPJIBIH HHHOBALIUAJIBIK
BEJICEH/ILIITT APACBIHJIATbI BAUJIAHBICTHI AHBIKTAY

AHgaTna

Makanana xorapbl OiriM Oepy pecypcTapbiHblH KazakcTan eHipiepiHaeri KoCIiMOPhIHAAPbIH HWHHOBAIUSITBIK
OencenainiriMen OaiylaHBICH KapacTHIPBUTFaH. 3epTTey IiH MaKcaThl - Oi1iM Oepy KepceTKimTepi MeH HHHOBAIHSIIBIK,
OeyiceH Il KOCIMOPBIHIAP Yiieci apachIHIAarbl OalmaHBICTApABIH OAaFrbIThl MEH OPHBIKTBUIBIFBIH Oaramay. Y JITTBIK
cratucTuka 6ropockIHbIH 2018-2025 sxputHapaarsl pecMH IepeKTepi TajanFaH. OKIMIIUIIK e3repictep eckepimir, 17
OHIp OOWBIHIIA ayMaKTBIK TYPFBIAAH CAJBICTBIPMAJIbl MAHENbIK AEPEKTEP JKUBIHTBIFBI KAaJbINTACTHIPbLUIFAH.
CunaTrTamMasblK CTaTHCTHKA XKOHE OHIPJIEP MEH JKbULAAPABIH TYPAKTHl dcepiiepi, TYCIHIIpyIi afHPIMaIbLIapAbIH Oip
JKBUIIBIK JIarTapbl JKQHE KIACTEpIIiK CTaHIApTThl KaTelepi 0ap perpeccHsuiblk MOJAENbAEp KOJAaHBUIFaH.
CraTuCTHKAIBIK MOHIUTIK jka0baiibl KitacTepItik OyTCTPAII 9/1iCIMEH TEeKCepiJIreH.

BimiM Oepy, FBUIBIMH JKOHE JKOHOMHKAIBIK KOPCETKIIITEP apachlHIAFrbl aWbIPMAINBUIBIKTAP AHBIKTAIFaH.
Bazanbik Mozienb e CTy IeHTTepAIH XaJlbIK CAaHbIHA MaKKaH/IaFbl CAHbl MEH MHHOBALMSUIBIK OeJICeH/IUTIK apachlH/a OH
NalbI3JBIK JICHIeHIe CTaTUCTUKAIBIK MOHAI OH OaiiiaHbpic anblHFaH. FBUIBIME 3epTTeynep MeH TxipuOerik-
KOHCTPYKTOPJIBIK 93ipJieMeNep/li OPBIHAAWTHIH KBI3METKEpJIep CaHbl EHTI3UIreHHeH KeiiH Oy OalIaHBICTBIH
CTaTUCTHKAJIBIK MOHILTIIT pacTaiaMmarad. TyJleKTep CaHbl MEH OKBITYIIBIIAp CaHBl YIIH CTAaTUCTHKAJBIK MOHII
OaitnanpicTap aHbIKTaIMaraH. CTaTHUCTHKANBIK KOPBITBIHIABIIAPIABIH TYCIHAIPYIIi alHBIMAJbLIAp KypamblHA
Toyenaimri kepcetinreH. HoTwmxkenepai »ofapbl OKy OpBIHIAPBI MEH KOCIMOPBIHIAAPIBIH ©3apa iC-KUMBLIBIH
Oaranayna maimagaHy MYMKIHIIKTEpl alKpIHIAIFaH. OMIUPHKAIBIK KAaHAIBIK dKOHOMHUKAIBIK KaFrdaiiap MeH
FBUTBIMH KaJpiiaplibl €CKepe OTBIPBIN, OHIPIIK MaHeabAe YII OuTiM Oepy KOepCeTKIllliH CAIBICTBIpYIaH TYPasbl.
AnpraFaH Oaranaynap MIapTThl CTATHCTUKANBIK OaiIaHBICTap bl CHIIATTANIBI.
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Hyprao6suio M.H., CapcenoBa A.E., Xumayesa JK.T., Epemuna A.1O.

BBISIBJJEHUE CBSI3M PECYPCOB BBICIHIET'O OBPA3OBAHUSA C THHOBAITMOHHOM
AKTABHOCTBIO IPEJAITPUATHIA

AHHOTALHUA

B craTthe paccMoTpeHa cBs3b PeCypcoB BBICHIEr0 00pa3oBaHUs ¢ MHHOBAIIMOHHOW aKTHBHOCTBIO MIPEATIPUATHI
peruonoB Kazaxcrana. llens wuccnenoBaHus COCTOMT B OLIGHKE HANpaBICHUS M YCTOWYMBOCTH  CBsI3eif
00pa30BaTeNpHBIX IMOKAa3aTeNiell C JIoJie WHHOBAIIMOHHO AaKTHBHBIX Hpeanpustui. [IpoaHamu3upoBaHbI
odunuanbHele MaHHbIC Bropo HammoHambHON cratucTuku 3a 2018-2025 rr. ChopMupoBaHa TEpPUTOPUATBEHO
conocraBuMasl MmaHenb 1o 17 pernoHam ¢ y4é€ToM aAMHHMCTPATHBHBIX M3MeHEHUH. IIpuMeHeHBl onucarenbHast
CTaTHCTHKA W PETPECCHOHHBIE MOAETH ¢ (UKCHPOBAHHBIMHA S(P(PEKTaMH PETHOHOB, W JIET, TOIOBBIMU JIaTraMH
OOBSICHAIOIINX TIEPEMEHHBIX U KIACTCPHBIMHU CTAaHIAPTHBIMU OmMOKamMu. CTaTHCTHYECKasl 3HAYMMOCTh IIPOBEPEHA
JUKUM KJIACTEPHBIM OYTCTPAIIOM.

BriBiieHsl pasznuuus 00pa3oBaTENBFHBIX, HAYYHBIX M JKOHOMHYECKHX MOKaszareneid. B 0a3oBoit momemn
[I0JIy4€Ha MOJIOKUTENbHASI CBSI3b YAEIbHON YMCIEHHOCTH CTYIEHTOB C MHHOBAIIMOHHOM aKTUBHOCTBIO, 3HaUMMasi Ha
JECATUNPOIICHTHOM ypoBHe. [locne BkmtodeHus: uncieHHocTH paboTHukoB HUOKP cratuctuueckas mojaepikka
9TOM CBA3M yTpaueHa. J[Is BBITycKa CHIEHMUATNCTOB U YHCICHHOCTH IIperojiaBaTeliel 3HauuMBble CBA3M HE
ycraHoBieHbl. [lokazaHa 3aBUCHMOCTh CTaTUCTUYECKMX BBIBOJOB OT COCTaBa OOBSICHSIOIIMX MEPEMEHHBIX.
OmnpeneneHbl BO3MOXHOCTH HCIIONB30BAHMS PE3YJIBTaTOB NPHU OLIEHKE B3aUMOJEHCTBUSA BY30B U INPENNPUATHIL.
OMIOUpuYecKas HOBH3HA 3aKJIOYAcTCS B COIMOCTaBICHHMH TPEX OOpa30oBaTElbHBIX IIOKa3aTesied ¢ ydéTom
SKOHOMHMUYECKUX YCIOBMH M HAy4yHBIX KaJpoB Ha perHoHaIbHON mMaHenu. [losyueHHBIE OLIEHKH XapaKTepH3YIOT
YCJIOBHBIE CTATUCTUYECKHUE ACCOLIMALINU.

— SRS —
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