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R&D EXPENDITURES AS A DRIVER OF INVESTMENT
AND ECONOMIC GROWTH IN KAZAKHSTAN

This article examines the impact of R&D expenditures on capital investment and economic growth
in Kazakhstan. R&D spending plays a crucial role in the development of new technologies, the improve-
ment of existing products and processes, and stimulates the advancement of science and human capital.
Moreover, active R&D financing is often accompanied by investments in fixed capital, which suggests a
potential relationship between the two types of investment. The study aims to assess how R&D expen-
ditures influence capital investment and GDP growth, taking into account potential time-lag effects. The
methodological framework of the study is based on a vector autoregression (VAR) model estimated in
first differences, which makes it possible to analyze short-term dynamics and lagged effects in the rela-
tionships between R&D expenditures, fixed capital investment, and economic growth. The stationarity
of the time series was tested using the augmented Dickey—Fuller (ADF) test, while the direction of causal
relationships was assessed using Granger causality tests. The results of the VAR model show that changes
in R&D expenditures, although they do not have a statistically significant direct effect on changes in
capital investment, have a positive impact on changes in GDP growth rates with a one-period lag. In
turn, Granger causality tests confirm a unidirectional causal relationship running from changes in GDP
growth rates to changes in R&D expenditures. Overall, the results highlight the complexity and time-lag
dependence of the interaction between innovation, investment, and growth in Kazakhstan. The theoreti-
cal significance of the study lies in refining the mechanisms through which innovation activity exerts
short-term effects on economic growth in the context of a developing economy, as well as in identifying
the lag-dependent nature of interactions between intangible and tangible investments. The practical sig-
nificance of the study consists in the possibility of using the obtained results in the formulation of public
policy in the areas of innovation development and investment promotion, particularly in the design of
R&D support measures that take into account time lags and macroeconomic conditions. The value of
the obtained results lies in providing new empirical evidence on the nature of the relationships between
R&D expenditures, investment, and economic growth in Kazakhstan, thereby expanding the empirical
base of research on innovation-driven growth in emerging economies.
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Ka3zakcTtaHAafbl MHBECTULIMSIAQP MEH SKOHOMMKAADIK, 6CYAjH,
Ko3fayLubl Kywi petiHaeri F3TKX wbiFbiHAQpbI

Makanaaa F3TKXK-Fa >kKyMcaAaTbiH LIbIFbIHAQP XOHE OAApAbIH HEri3ri KamnMTaAfa CaAbIHATbIH
MHBECTUMUMSIAAP MeH KasakCTaHHbIH 3KOHOMMKAAbIK, ecyiHe acepi TaapaHaabl. F3TKXK wbiFbiHAAPSI
>KaHa TEXHOAOTUSIAAPAbI AAMbITYAQ, KOAAQHBICTAFbl OHIMAEP MEH YAEPICTEPAI XKETIAAIPYAE, FbIAbIM
MEH aAaMM KanMTaAAbIH AAMYbIH bIHTAAQHABIPYAQ LellyLli peA atkapaabl. CoHbiMeH KaTtap, F3TKXK-
Hbl BEACEHAT Kap>KbIAQHABIPY HETi3ri KanmMTaAFa CaAbiHaTbIH MHBECTULIMSIAGPMEH KaTap >Kypeai. bya exi
MHBECTMUMS TYPiHIH apacbiHAQ ©3apa OaAaHbIC 6ap eKeHiH KepceTeAi. 3epTTeyAiH MaKCcaTbl — yakbITLa
AQrTbiH bIKTMMAA acepAepiH eckepe oTbipbin, F3TKXK-Fa >KymMcaAaTblH LWbIFbIHAAPAbBIH, KamnMTaA
CcaAbIMAApbIHa >kaHe XKIO-HiH ecyiHe KaAait acep eTeTiHiH Oararay. 3epTTeyAiH dAICHaMaAbIK, Herisi
aAFallKbl arblpMarapAa OaraAaHFaH BEKTOPABIK, aBToperpeccusabik, MoaeAb (VAR), 6ya F3TKIK-ra
>KYMCaAQTbIH LLbIFbIHAQP, HEri3ri KarnmTaAfa CaAblHATbIH MHBECTULMSAQADP >XOHE 3KOHOMMKAAbIK, ©Cy
apacbiHAAfbl ©3apa GanAaHbICTaPAbBIH KbICKA MEP3IMAI AMHAMMKAChl MEH YaKbITTbIK, AArTbiK, 8CEPAEPIH
TaAAdyFa MYMKIHAIK OepeAi. YakpITTbIK, KaTapAapAblH CTaLMOHapPAblIFbl KeHenTiAreH Ankn—Dyasep
(ADF) TecTi apKkbIAbl TEKCEPIAAI, aA cebern-caapapAbik, 6arAaHbICTapAbiH 6aFbiTbl [peHAXKep cebenTinik
TecTTepi kemerimeH GararaHAbl. VAR MoaeAiHiH HaTuxeAepi F3TKIK-rFa skyMcaAaTbIH LLbIFbIHAAPAAFbI
e3repicTep KarnmTaA CaAbIMAAPbIHAAFbI ©3repicTepre CTaTUCTUKAABIK, TYPFblAQH MaHbI3AbI TiKeAel acep
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etnereHimeH, XIO ecy KapkbiHbIHAAFbI ©3repicTepre 0ip KE3eHAIK AarmeH OH 8Cep eTeTiHiH KOpCeTeAi.
[pertHaXepAiH cebenTinik TecTTepi XKIO ecy kapkbiHbiHAAFbI ©3repictepaeH T3TK)K-ra >kymcasaTbiH
LIbIFbIHAQPAQFbI ©3repicTepre Kapan OGarbiTTaAraH 6ip>kakTbl ceben-caapaapAblK, 6aiAaHbICTbI pacTait-
Abl. 3epTTey HaTMxeAepi KasakcTaHAaFbl MHHOBALUMSAQP, MHBECTULIMSAQD >KoHEe SKOHOMMKAAbIK, 6CiM
apacblHAAFbl ©3apa 9peKeTTEeCYAIH KYPAEGAIAITE MEH yakbITLLA Aarka TOYEAAIAIKTI KepceTeai. 3epTTey-
AiH, TEOPUSABIK, MaHbI3ABIAbIFbI AQMYLLIbl SKOHOMMKA XKaF AaibIHAQ MHHOBALMSIAbIK, GEACEHAIAIKTIH 3KO-
HOMMKAABIK, ©Cyre KbICKa Mep3iMAi bIKMaA eTy TeTIKTEPiH HAKTbIAAYAQ, COHAQM-aK, MaTepPUAAAbIK, emMec
>KOHe MaTepuaAAbIK MHBECTULMSAAD apacbiHAAFbl ©3apa 9PeKeTTEeCTIKTiH, yaKbITTbIK AartTapra ToyeAAi
CUMaTbIH aNKbIHAAYAQ KOPIHIC TabaAbl. dKYMbICTbIH MPAKTUKAABIK, MAHBI3AIAbIFbI AAbIHFAH HOTUXKEAEP-
Al MIHHOBALIMSIABIK, AAMY >KOHe MHBECTULIMSIAAPAbI bIHTAAQHABIPY CaAaCbiHAAFbl MEMAEKETTIK casicaTThl
KQAbINTACTbIPY 6apbICbiHAQ, aTan amTKaHAQ YaKbITTbIK, AArTap MeH MakpO3KOHOMMUKAAbIK, KOHbIOHKTY-
paHbl eckepe oTbipbin F3TKX-Abl KOAAQY LWapaAapblH 83ipAeyAe naiAaAaHy MYMKIHAITIMEH aiKbIH-
AAAaAbl. AAbIHFAH HaTMXKeAepAiH KYHAbIAbIFbI KasakcTaHaarbl F3TKXK, nHBecTnumanap xkaHe 3KOHO-
MMKAAbIK, ©CY apacblHAAFbl ©3apa GaAaHbICTApPAbIH CUMATbl XXOHIHAE >KaHA SMMMPUKAABIK, ADAEAAED
YCbIHbIAYbIHAQ, OYA KAAbINTACYLLbI 3KOHOMMKAChI 6ap eAAEPAEri MHHOBALLMSIFA HEri3AEAreH SKOHOMM-
KaAbIK, ©CYAl 3€pTTEYAiH SMNMPUKaAbIK 6a3acbiH KEHENTEAI.

Ty#in ce3aep: F3TKIXK wWbIFbIHAAPbI, HETI3ri KanMTaAFa CaAbIHATbIH MHBECTULMSAQP, SKOHOMMKA-
AbIK, 6cy, VAR MoageAi.
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Pacxoabl Ha HUOKP kak aApaiiBep MHBeCTULIMI
M 3KoHOMMYecKoro pocta KasaxcraHa

B cratbe aHaamsmpytotcsa 3atpatbl HA HMOKP m nx B3aMMOCBSI3b C MHBECTULIMSIMU B OCHOBHOM
KanuTaA 1 3KOHOMMYecknm poctom KasaxctaHa. Pacxoabl Ha HMOKP urpatoT peluatoulyto poab B pas-
BUTUM HOBbIX TEXHOAOTMIA, YAYULLEHUWN CYLLECTBYIOLLMX NMPOAYKTOB M MPOLLECCOB, CTUMYAMPYIOT pas-
BUTME HAayKM M YeAoBevecKoro kanmrtaaa. Kpome Toro, aktnBHoe dmHaHcupoBaHme HMOKP conposo-
JKAQETCS BAOXKEHUSIMM B OCHOBHOM KarnuTaA, UTO MpeAnoAaraeT CyLeCTBOBAHME B3aMMOCBS3M MEXAY
ABYMS TUMaMM MHBECTULLMIA.

LleAb nccaepoBaHMS — oLeHUTb, Kak pacxoabl HA HMOKP BAMSIIOT Ha KanMTaAOBAOXKEHUS M POCT
BBI1 ¢ yueTom noTeHuManbHbIX 3(p(hpeKTOB BpEMEHHOIO Aara. MeToAOAOrMYEeCKOM OCHOBOM UCCAEAO-
BaHWS 9BASIETCS BEKTOPHAg aBTOperpeccroHHas mMoaeAb (VAR), oLeHeHHas B NepBbiX Pa3HOCTSIX, YTO
MO3BOASIET NMPOAHAAM3MPOBaTh KPAaTKOCPOUHYIO AMHAMMKY M AaroBble 3heKTbl B3aMMOCBS3en MEXKAY
pacxoAamMn Ha HMOKP, nHBeCTULMSIMM B OCHOBHOWM KamMTaA M 3KOHOMWYECKMM pocTom. Craumo-
HApHOCTb BPEMeHHbIX PSIAOB MPOBepsAach C UCMOAb30BaHMEM paclumpeHHoro Tecta Ankn—Pyarepa
(ADF), a HanpaBAEHHOCTb MPUUYNMHHO-CAEACTBEHHbIX CBS3€M OLLEHMBAAACh C MOMOLLbIO TECTOB MPUUMH-
HocTu [peirtHaxepa. PesyabTatbl VAR-MoAEAM MOKa3biBalOT, YTO M3MeHeHus B pacxopax Ha HNOKP
XOTS M He 0Ka3bIBAKOT CTAaTUCTUYECKM 3HAUMMOIO NMPSMOro BAMSAHMNS HAa M3MEHEHMS B KannTaAbHbIX BAO-
SKEHMEX, OHW MOAOXKMTEABHO BAMSIIOT Ha M3MeHeHWsl Temnos pocTta BBl ¢ oaoHoneproAHbIM Aarom. B
CBOIO OYepeAb, TeCTbl MPUUYMHHOCTU [ perHAXKepa NMOATBEPXKAQIOT OAHOCTOPOHHIOK MPUUMHHO-CAEA-
CTBEHHYIO CBS3b OT M3MeHeHui TemnoB pocta BBl k n3meHeHnam B pacxoaax Ha HMOKP. B ueaom
pe3yAbTaTbl MOAYEPKMBAIOT CAOXHOCTb M 3aBUCUMOCTb OT BPEMEHHOIO Aara B3aMMOAENCTBUS MEXKAY
WMHHOBALMSIMM, MHBECTULMAMM U pocTOM B KazaxcTaHe. TeopeTnueckas 3HAUMMOCTb MCCAEAOBAHNS 3a-
KAIOYAETCS B YTOUHEHNN MEXAHM3MOB KPAaTKOCPOYHOIO BO3AEMCTBUS MHHOBALMOHHOM aKTMBHOCTM Ha
5KOHOMMYECKMI POCT B YCAOBUSIX Pa3BUBAIOLLENCS SKOHOMMKM, @ TakKe B BbISBAEHMM Aaro3aBUCUMOrO
XapakTepa B3aMMOAENCTBUS MEXAY HEMATEPMAAbHBIMW U MaTepUaAbHbIMU MHBECTULMIMU. [1pakTu-
yeckast 3HaUMMOCTb PAbOThbl COCTOMT B BO3MOXKHOCTM MCMOAb30BaHUS MOAYYEHHbIX PE3YAbTATOB Mpu
hopMMPOBaHNM rOCY AAPCTBEHHOM MOAUTUKM B Chepe MHHOBALMOHHOIO Pa3BUTUS U MHBECTULLMOHHOTO
CTMMYAMPOBaHUS, B YaCTHOCTM Mpwu paspaboTke mep noaaep>kku HMOKP ¢ yueTom BpemMeHHbIX Aaros
N MaKPO3KOHOMMYECKON KOHBIOHKTYpPbI. LIeHHOCTb MOAYY€EHHbIX Pe3yAbTaTOB 3aKAIOYAETCS B MPeAO-
CTaBAEHMMN HOBbIX AMMUPUYECKMX CBUAETEABCTB O XapakTepe B3anmocsasen mexxay HMOKP, nHeectu-
LMSMM M DKOHOMMYECKMM POCTOM B KaszaxcTaHe, UTo paclumpsieT aMnuMpryeckyto 6asy MCcCAeAOBaHMIA
WHHOBALIMOHHO-OPUEHTUPOBAHHOIO POCTA B CTPaHax € (hoOpMUPYIOLLENCS SKOHOMUKOW.

KatoueBble caoBa: 3atpatbl HA HMOKP, nHBectuumm B OCHOBHOWM KanuTaA, 3KOHOMUYECKMUI POCT,
VAR-MoA€eAb.
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Introduction

In modern conditions of increasing competi-
tion in international markets and intensive develop-
ment and implementation of advanced innovative
technologies in world markets, Kazakhstan faces
an urgent need to develop a new approach to man-
aging the national economy. The strategic goal of
the Republic of Kazakhstan is the need to achieve
high-quality and sustainable economic growth lead-
ing to an increase in people’s living standards based
on strengthening business competitiveness, techno-
logical modernization, improving the institutional
environment and minimizing negative impacts on
nature, which is consistent with the UN Sustainable
Development Goals. In this regard, the domestic
economy remains in constant need of investment
resources necessary for the development of the real
sector. Particular emphasis should be placed on
building sustainable infrastructure to foster indus-
trialization and innovation through increased R&D
spending.

The Concept for the Development of Higher Ed-
ucation and Science in the Republic of Kazakhstan
for 2023-2029 notes the need for a phased increase
in R&D costs from all sources to 1% of GDP. This
measure aims to enhance is the global competitive-
ness of Kazakh science and its contribution to solv-
ing national-level applied challenges. It should be
borne in mind that according to international stan-
dard definitions adopted in the economy of the Re-
public of Kazakhstan, domestic R&D expenditures
are synonymous with R&D results (MSHE RK,
2022).

An analysis of internal R&D costs in terms of
funding sources shows that the state remains the
main investor in scientific research. It accounts
for more than 60% of the costs. The share of own
funds, which can be considered as investments of
entrepreneurs, decreases annually (Akorda, 2024).
The demand for R&D remains at a very low level
due to the fact that it is not being brought to a state
where this knowledge can be used in economic ac-
tivities and in production. Less than 15% is invested
in research and development aimed at creating new
materials, products, processes, devices, services,
systems or methods and their further improvement.

As you know, Kazakhstan ranks 78th in the Re-
port on the Global Innovation Index for 2024, hav-
ing demonstrated good results in the field of online
government services, utility models and e-partici-
pation. However, in terms of investment in R&D,
the result deteriorated by 5.1% compared to 2022

(WIPO, 2024). Despite the increase in R&D costs,
the science intensity of GDP has not changed in re-
cent years, remaining at the level of 0.12—0.14%.
Consequently, the expansion of investment support
for R&D and innovation is one of the key problems
in Kazakhstan, which underlines the relevance of
the topic of this study.

This study examines the impact of R&D invest-
ment on two key areas: first, on capital investment;
and second, on the economic growth of Kazakhstan.
On the one hand, R&D investments can directly in-
fluence economic growth through the introduction
of new technologies, increased productivity, inno-
vation, and so on. Therefore, R&D investment can
be considered a driver of economic growth. On the
other hand, R&D investments are often made along-
side capital investments, as companies that actively
invest in new technologies and products also tend to
invest in equipment, production facilities, and other
fixed assets. This suggests that R&D investment
may influence the dynamics of capital investment.
In this regard, it is appropriate to examine the re-
lationship between R&D investment and capital in-
vestment, as well as between R&D investment and
economic growth.

Literature review

The study of the problems of investment and its
effective use has always been in the focus of eco-
nomic science, since it is investments that affect the
deepest foundations of economic activity, determin-
ing the pace of economic growth of a country. There-
fore, investment policy deserves special attention in
economic policy, which is a crucial component in
the process of managing the country’s economy.

A deeper theoretical understanding of the R&D—
growth nexus is provided by endogenous growth
theory, which explicitly models technological prog-
ress as the outcome of purposeful investment in
knowledge. In Romer’s seminal model (1990), R&D
expenditure increases the stock of ideas, which are
characterized by non-rivalry and increasing returns.
As firms invest in research, they enhance the pro-
ductivity of both labor and capital, generating sus-
tained economic growth. In this framework, R&D
not only stimulates innovation but also raises the
marginal productivity of private investment.

A complementary perspective is offered by the
Schumpeterian model of (Aghion & Howitt, 1992),
where economic growth arises through “creative de-
struction”. Firms engage in R&D to produce better-
quality technologies that replace outdated ones, and
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this process drives long-term productivity improve-
ments. In such models, the incentives to invest in
research depend critically on expected returns, mar-
ket structure, and institutional quality. Thus higher
innovation effort increases the frequency of techno-
logical upgrading, enhances competitiveness, and
fuels broader investment flows.

Research on R&D at the national and regional
levels mainly focuses on its economic effectiveness.
However, the issue of the driving forces of inno-
vation is ignored. Works by Jaffe (1989), Bottazzi
& Peri (2003), Crescenzi et al. (2007), Wang et al.
(2016), Rodriguez-Pose (1999) and Bilbao-Osorio
& Rodriguez-Pose (2004) demonstrate that invest-
ments in R&D stimulate both the generation of new
knowledge and economic growth. At the same time,
territorial specifics play a key role. Researchers Gin-
evicius R. (2023), Arana Barbier (2023), Mudronja
et al (2019), Wynn et al. (2022) have deepened the
study of the role of investment in R&D in the eco-
nomic development of individual regions and indus-
tries. (Wang et al., 2016) have shown the strong im-
pact of economic infrastructure development on the
quality of innovation in China’s provinces. In ad-
dition, localized and interregional knowledge spill-
overs constitute a key mechanism through which
R&D activity affects productivity and economic
growth (Jaffe, 1989; Bottazzi and Peri, 2003), (Cres-
cenzi et al., 2007) found significant differences in
the reasons for patenting between the United States
and Europe, which underscores the importance of
taking into account territorial features when study-
ing innovation processes.

Huseynli’s article (2023) examines the impact
of investment in R&D on accelerating economic
growth in several countries in the Central Asian re-
gion. Kazakhstani authors (Nurmaganbetov& Tu-
gushev, 2024). In their research, they analyze the
current state and prospects of investment in research
and development (R&D) in Kazakhstan’s high-
tech sectors, as well as consider barriers hindering
investment growth. (Seitkan et al., 2024) assessed
the impact of R&D costs on various aspects of in-
novation activity in Kazakhstan, such as the share of
innovative products in GDP and the cost of product
and process innovations. The results confirm the im-
portance of R&D investments for economic growth.

A closer examination of Kazakhstan’s national
innovation system reveals institutional features that
significantly shape the effectiveness of R&D invest-
ment. (Sadyrova et al., 2021) note that innovation

processes in Kazakhstan are constrained by weak
linkages between science and industry, limited pri-
vate-sector demand for innovation, and underdevel-
oped commercialization mechanisms. Despite in-
creasing state support, these structural issues reduce
the transformative impact of R&D expenditures.

According to Baxultanov et al. (2022), Ka-
zakhstan’s R&D landscape is characterized by
low research intensity, the predominance of public
funding, and an uneven distribution of scientific
resources. The authors emphasize that fragmented
innovation infrastructure and inefficient resource al-
location hinder the conversion of R&D inputs into
measurable innovation outputs.

The broader institutional trajectory is also im-
portant. (Danabayeva & Shedenov, 2015) argue
that Kazakhstan’s transition toward a knowledge-
based economy requires not only greater investment
in science but also deeper institutional reforms to
strengthen coordination among government, busi-
ness, and academia. Their work highlights limited
technological absorption capacity within firms as a
persistent barrier.

More recent studies underline the relevance of
the innovation ecosystem approach. (Nauryzbaeva
et al., 2024) show that although Kazakhstan has ex-
panded its innovation support structures— technology
parks, accelerators, grant programs— the regulatory
environment remains inconsistent, and coordination
between ecosystem actors is weak. Earlier research
by (Kusmoldaeva & Khudaybergenova, 2017) simi-
larly stresses that the innovation system is heavily
state-driven, while market-based mechanisms and
private R&D investment remain underdeveloped.

Taken together, these studies indicate that while
the institutional context of R&D in Kazakhstan has
been examined from various angles, the literature
predominantly focuses on descriptive assessments
of innovation capacity, structural barriers, and
policy frameworks. What remains less explored is
how these institutional characteristics translate into
measurable macroeconomic outcomes. In particu-
lar, despite the recognized importance of R&D for
innovation and growth, few studies investigate the
quantitative relationship between R&D expendi-
tures, capital formation, and economic growth using
econometric approaches.

At the empirical level, identifying the causal im-
pact of R&D expenditures on investment and eco-
nomic growth is challenging due to several sources
of endogeneity. First, reverse causality is likely,
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so faster economic growth and higher investment
capacity may themselves lead to increased R&D
spending. Second, omitted variables (institutional
quality, human capital or macroeconomic stabil-
ity) may simultaneously affect R&D intensity and
growth outcomes, biasing simple estimations. Third,
R&D investments often exhibit delayed effects im-
plying dynamic adjustment processes rather than in-
stantaneous impacts.

To address these issues, the empirical litera-
ture has employed a range of time-series and panel
econometric strategies. Multivariate time-series ap-
proaches, such as Vector Error Correction Models
(VECM) and Structural VAR (SVAR), are common-
ly employed to model feedback effects and long-run
equilibrium relationships among R&D, investment,
and output (Ercan Merve, 2025). Cross-country and
panel studies frequently rely on instrumental vari-
able techniques to address simultaneity and omitted
variable bias. More recently, Autoregressive Dis-
tributed Lag (ARDL) models have gained promi-
nence, particularly in studies focusing on single-
country analyses or small samples, as they allow for
mixed orders of integration, explicitly model short-
and long-run dynamics, and partially alleviate endo-
geneity by incorporating lag structures (Xuan, 2025;
Simut Ramona et al., 2003).

Despite these methodological advances, rela-
tively few studies apply such econometric frame-
works to resource-rich, transition economies like
Kazakhstan, where the structure of R&D financing
is heavily state-driven and private-sector innovation
remains limited. This raises an additional identifi-
cation concern. The effectiveness of R&D expendi-
tures may depend not only on their volume but also
on institutional complementarities and the invest-
ment climate. Consequently, the estimated impact
of R&D on growth may differ substantially from
that observed in advanced economies.

Against this background, the present study con-
tributes to the literature by empirically examining
the dynamic relationship between R&D expendi-
tures, capital investment, and economic growth in
Kazakhstan within an endogenous growth perspec-
tive. By employing a time-series framework that
distinguishes between short- and long-run effects,
the analysis explicitly accounts for feedback mecha-
nisms and mitigates endogeneity concerns inherent
in the R&D-growth nexus. This approach allows for
a more nuanced assessment of whether R&D acts
primarily as a direct engine of growth, an indirect
driver through capital accumulation, or both.

The present study proposes a two-level em-
pirical analysis assessing the relationship between
R&D expenditures, capital investment and econom-
ic growth in Kazakhstan. Accordingly, the follow-
ing hypotheses are formulated:

HI1: There is a relationship between R&D in-
vestment and investment in fixed capital;

H2: R&D investment has a positive effect on
Kazakhstan’s economic growth.

Methodology

The study employed the following variables:
economic growth (real GDP volume index by pro-
duction method, % compared to the previous year),
investment in fixed assets (in comparable prices
of 2000, billion tenge) and R&D expenditures (in
comparable prices of 2000, billion tenge). Control
variable — share of the working-age population (as a
percentage of the total population). The study used
annual data from the Bureau of National Statistics
of the Agency for Strategic Planning and Reforms
of the Republic of Kazakhstan for the period 2000—
2024.

Figure 1 shows the dynamics of the indicators
used to build the econometric model, according to
the Bureau of National Statistics of the Agency for
Strategic Planning and Reforms of the Republic of
Kazakhstan.

Figure 1 presents annual data for Kazakhstan
over the period 2000-2024, including economic
growth, investment in fixed assets, R&D expendi-
tures, and the share of the working-age population.
Economic growth exhibits pronounced cyclical fluc-
tuations, ranging from rapid expansion in the early
2000s to a contraction in 2020, reflecting major
external and domestic shocks. Investment in fixed
assets, measured in constant 2000 prices, shows
a long-term upward trend with notable volatility,
particularly during periods of economic instability.
R&D expenditures, also expressed in constant pric-
es, increase gradually over the sample period but
remain relatively modest in scale, indicating limited
research intensity despite recent acceleration after
2022. The share of the working-age population fol-
lows a declining trajectory after the mid-2010s, sug-
gesting emerging demographic constraints. Over-
all, the table highlights substantial variation across
macroeconomic and innovation-related indicators,
providing a suitable basis for analyzing the dynamic
relationship between R&D activity, investment be-
havior, and economic growth in Kazakhstan.
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Figure 1 — Economic growth, R&D expenditures and capital investment in Kazakhstan
Note — compiled by the authors

In our study, the assessment of the relation-
ship between variables was carried out using the
construction of a VAR model, OLS, ADF test, and
Granger causality test, implemented with Python in
the Google Colab environment. The VAR system is
estimated equation-by-equation using OLS, which
is standard under the assumption of identical regres-
sors across equations

The selection of the VAR model is based on the
dynamic nature of the relationship between R&D
expenditures, capital investment, and economic
growth. VAR is suitable when variables may influ-
ence each other over time and when the objective is
to capture short-run interactions without imposing
restrictive structural assumptions.

Before estimating the model, we performed unit-
root testing using the Augmented Dickey—Fuller
(ADF) test. The results showed that some variables
are non-stationary in levels but become stationary
after first differencing. Since all transformed series
are stationary and no cointegration relationship was
detected, the use of a Vector Error Correction Model
(VECM) is not justified. Likewise, the ARDL ap-

proach is typically applied when the goal is to es-
timate long-run cointegration relationships between
I(0) and I(1) variables, which is not the aim of the
present study.

Given the absence of cointegration and the
study’s focus on short-term dynamic effects, the
VAR model represents the most appropriate meth-
odological choice. The optimal lag length was se-
lected using standard information criteria (AIC,
BIC, FPE, HQIC), which consistently indicated the
need to include several lags. This provides a statis-
tically grounded basis for examining how changes
in R&D expenditures propagate through investment
and growth channels.

At the first stage of the study, the relationship
between investment in fixed capital and R&D ex-
penditures was assessed. These indicators may in-
fluence each other with a certain time lag. There-
fore, the time lag effect was incorporated into the
model specification.

At the second stage of the study, the relationship
between R&D expenditures and economic growth
was examined.
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Results and discussion

The use of the VAR (Vector Autoregression)
model requires that the time series be stationary,
that is, their statistical properties do not change
over time. Stationarity testing of the time series
was conducted using the Augmented Dickey-
Fuller (ADF) test. To transform the non-stationary
time series into stationary ones, differencing was
applied. Stationarity was achieved after the first
differencing.

Since the time series exhibit a mixed order of
integration, the VAR model was estimated in first

Table 1 — Results of the time series stationarity test

differences to ensure stationarity of all variables.
This approach avoids spurious regression and satis-
fies the statistical requirements of the VAR frame-
work. While differencing eliminates potential long-
run equilibrium relationships, it enables a consistent
examination of short-run dynamic interactions be-
tween changes in R&D expenditures, investment
and economic growth. Thus, in our case, the use of
VAR in first differences focuses on the short-run ef-
fects of changes in R&D, investment, and economic
growth.

The results of the stationarity test are presented
in Table 1.

Critical values
ADF Statistic p-value
1% 5% 10%

A Investments in fixed assets -4,086078 0.001021 -4,012034 -3.104184 -2.690987
A R&D expenditures -4.299762 0.000445 -3.752928 -2.998500 -2.638967
A Economic growth -6.381253 2.219486¢-08 -3.752928 -2.9985 -2.638967
A Share of the working-age population -5.468752 2.425335¢-06 | -3.752928 -2.9985 2.638967
(first differentiation)

Note — Calculated by the authors

The ADF statistics for the analyzed data were
below the critical value at the 1% significance level,
indicating stationarity of the time series. The p-val-
ue confirmed that the null hypothesis of the presence
of a unit root was rejected.

After data transformation and stationarity test-
ing, it was necessary to determine the optimal num-
ber of lags to include in the model. The lag selec-
tion was performed using the AIC, BIC, FPE, and
HQIC criteria based on the construction of a Vector
Autoregression (VAR) model. These criteria helped
select the optimal number of lags (Table 2).

The table shows that the minimum is reached at
lag 4 (AIC =-0.01249). This means that to capture
the dynamics of changes in the data, it is necessary
to account for 4 periods back. Since differencing re-
moves the trend, the selected lags reflect the period
over which past changes in the variables influence
current changes. In other words, changes in R&D
expenditures, investments, and economic growth

from 4 years ago have an impact on the current
changes in the respective variable.

From an economic perspective, the effects of
investment in fixed capital and R&D expenditures
are expected to materialize within a relatively short
horizon. For annual data, a lag length of 1 to 4 years
captures the medium-term adjustment process re-
lated to investment planning, implementation, and
innovation diffusion, while longer lags are difficult
to interpret economically.

At the first stage, the causal relationship between
R&D expenditures and investment in fixed assets
was analyzed. The modeling results are presented in
the tables 3-5.

The model results indicate that changes in fixed
capital investment are primarily driven by their own
past changes, particularly with a three-period lag.
In contrast, changes in R&D expenditures do not
have a statistically significant impact on the current
changes in fixed capital investment.
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Table 2 — AIC, BIC, FPE and HQIC values for determining the optimal number of lags (* — optimal lag)

Lags AIC BIC FPE HQIC
Lag 0 2.369 2.519 10.69 2.399
Lag 1 2.447 3.044 11.74 2.563
Lag2 2.621 3.666 15.08 2.825
Lag3 1.018 2.512 3.722 1.310
Lag 4 -0.01249* 1.929% 2.094* 0.3665*
Note — Calculated by the authors
Table 3 — Characteristics of the VAR model
Model: VAR Log Likelihood -148.229
Method: OLS AIC 10.9471
Date: Tue, 08, Jul, 2025 BIC 11.8433
Time: 12:58:29 HQIC: 11.1221
No. of Equations: 2.00000 FPE: 65245.7
Nobs: 20.0000 Det(Omega_mle): 31032.5
Correlation 0.668420
Note — Calculated by the authors based on the VAR model
Table 4 — Results of the VAR model for investments in fixed capital
coef std err t-stat prob
const -1.304465 32.905869 -0.040 0.968
L1. AInvestment -0.096889 0.384460 -0.252 0.801
L1.AR&D -6.750701 31.461402 -0.215 0.830
L2. A Investment 0.219680 0.388023 0.566 0.571
L2. AR&D -34.186676 34.842102 -0.981 0.326
L3. A Investment -0.774445 0.395484 -1.958 0.050
L3.AR&D 50.744009 32.559880 1.558 0.119
L4. A Investment 0.033502 0.426858 0.078 0.937
L4.AR&D 28.168025 35.165001 0.801 0.423
Note — Calculated by the authors based on the VAR model
Table 5 — Results of the VAR model for R&D expenditures
coef std err t-stat prob
const 0.122628 0.416293 0.295 0.768
L1. A Investment -0.004466 0.004864 -0.918 0.358
L1.AR&D 0.239315 0.398019 0.601 0.548
L2. A Investment 0.002183 0.004909 0.445 0.657
L2.AR&D -0.437388 0.440788 -0.992 0.321
L3. A Investment -0.012475 0.005003 -2.493 0.013
L3.AR&D 0.629078 0.411916 1.527 0.127
L4. A Investment 0.004250 0.005400 0.787 0.431
L4. AR&D -0.005823 0.444873 -0.013 0.990

Note — Calculated by the authors based on the VAR model

10




G.M. Kalkabayeva et al.

The VAR model results for R&D investment
indicate that past changes in fixed capital invest-
ment at lag 3 have a statistically significant nega-
tive effect on current changes in R&D expenditures
(p = 0.013). Other lags do not show statistically
significant effects.

The correlation between the residuals of the two
equations is 0.668, suggesting a moderate positive
relationship between the unexplained components
of the two models. Overall, the results point to a

one-way, lagged effect of changes in fixed capital
investment on changes in R&D expenditures, while
no reverse effect is observed.

Subsequently, the causal relationship between
changes in R&D expenditures and changes in fixed
capital investment was examined using Granger
causality tests, which assess the predictive influ-
ence of one variable’s past changes on another.
The results of the Granger tests are presented in
Tables 6-7.

Table 6 — Granger test values (the impact of R&D expenditures on fixed capital investment)

Lags F p chi2 p df

Lag 1 0.1557 0.6973 0.1791 0.6721 1

Lag 2 0.0123 0.9877 0.0319 0.9842 2

Lag3 0.5588 0.6509 2.5145 0.4727 3

Lag 4 1.0690 0.4172 7.7747 0.1002 4
Note — Calculated by the authors

The Granger causality test, applied to the first-
differenced (stationary) series, revealed no statisti-
cally significant causal relationship from changes
in R&D expenditures to changes in fixed capital
investment for any of the lags considered (from 1
to 4). In all cases, the p-values for the main statisti-
cal indicators (the F-test, the chi-square test, and the

likelihood ratio test) were substantially above the
0.05 significance level. This indicates that there is
no evidence to support hypothesis H1, which posits
a relationship between R&D investment and fixed
capital investment. Past changes in R&D expendi-
tures do not significantly influence current changes
in fixed capital investment.

Table 7 — Granger test values (the impact of fixed capital investment on R&D expenditures)

Lags F p chi2 p df

Lag 1 0.1789 0.6769 0.2057 0.6502 1

Lag 2 0.4249 0.6606 1.0998 0.5770 2

Lag3 1.3049 03119 5.8721 0.1180 3

Lag 4 1.9412 0.1736 14.1180 0.0069 4
Note — Calculated by the authors

The Granger causality test results generally do
not support a robust causal relationship. At lag 4, a
weak or unstable causal relationship from changes in
fixed capital investment to changes in R&D spend-
ing may be suspected. However, this result requires
further verification using more comprehensive data.

At the second stage of the study, the relationship
between R&D expenditures and economic growth
was assessed. The modeling results are presented in
Tables 8-10.

The model results, based on differenced data, indi-
cate that changes in economic growth with a two-peri-
od lag have a positive and statistically significant effect
on changes in R&D investment (p = 0.008). Chang-
es in the share of the working-age population with a
three-period lag exert a negative effect on changes in
R&D investment (p = 0.016). Overall, the results sug-
gest that R&D investment responds to the dynamics
of economic growth and is sensitive to shifts in labor
market conditions rather than to their levels.

11
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Table 8 — Characteristics of VAR model

Model: VAR Log Likelihood -46.0114
Method: OLS AIC -0.0124867
Date: Wed, 09, Jul, 2025 BIC 1.92919
Time: 05:39:50 HQIC: 0.366549
No. of Equations: 3.00000 FPE: 2.09448
Nobs: 20.0000 Det(Omega_mle): 0.466256
Note — Calculated by the authors based on the VAR model

Table 9 — Results of the VAR model for R&D expenditures

coef std err t-stat prob

const 0.217606 0.411099 0.529 0.597

L1.AR&D -0.011579 0.326445 -0.035 0.972

L1. A GDP_Growth 0.123087 0.196586 0.626 0.531

L1. A Workforce -0.787971 1.045943 -0.753 0.451

L2. AR&D 0.573420 0.457643 1.253 0.210

L2. AGDP_Growth 0.456533 0.172796 2.642 0.008

L2. A Workforce 1.457245 0.810066 1.799 0.072

L3.AR&D -0.399682 0.371714 -1.075 0.282

L3. A GDP_Growth 0.006057 0.188193 0.032 0.974

L3. A Workforce -1.608152 0.665970 -2.415 0.016

L4.AR&D 0.037462 0.366472 0.102 0.919

L4. A GDP_Growth -0.014242 0.256039 -0.056 0.956

L4. A Workforce 0.148190 0.663125 0.223 0.823
Note — Calculated by the authors based on the VAR model

Table 10 — Results of the VAR model for economic growth

coef std err t-stat prob

const -1.254261 0.783918 -1.600 0.110
L1.AR&D 1.595670 0.622493 2.563 0.010

L1. A GDP_Growth -0.545376 0.374868 -1.455 0.146
L1. A Workforce 2.130796 1.994495 1.068 0.285
L2. AR&D 0.922851 0.872673 1.057 0.290

L2. AGDP_Growth -0.742389 0.329502 -2.253 0.024
L2. A Workforce -1.110866 1.544704 -0.719 0.472
L3.AR&D -0.936341 0.708816 -1.321 0.187
L3. A GDP_Growth -1.200942 0.358863 -3.347 0.001
L3. A Workforce -1.098891 1.269929 -0.865 0.387
L4. AR&D 0.063895 0.698821 0.091 0.927

L4. A GDP_Growth -0.317771 0.488237 -0.651 0.515
L4. A Workforce -1.244589 1.264505 -0.984 0.325

Note — Calculated by the authors based on the VAR model
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The model, estimated using differenced data,
confirms that changes in R&D investment with
a one-period lag have a positive and statistically
significant effect on changes in economic growth
(p = 0.010). In addition, an error-correction—type
dynamic is observed: changes in GDP growth in the
two- and three-period lags negatively affect current
changes in economic growth. In this specification,

changes in the share of the working-age popula-
tion do not have a statistically significant impact on
changes in economic growth.

Next, the causal relationship between R&D in-
vestment and economic growth rates was analyzed
based on the concept of Granger causality. The re-
sults of the Granger causality test are presented in
Tables 11-12.

Table 11 — Granger test values (the impact of R&D expenditures on economic growth)

Lags F P chi2 p df

Lag 1 0.1471 0.7054 0.1691 0.6809 1

Lag2 0.0779 0.9254 0.2017 0.9041 2

Lag3 22315 0.1297 10.0418 0.0182 3

Lag 4 2.2889 0.1251 16.6466 0.0023 4
Note — Calculated by the authors

The results of the Granger causality test did not re-
veal a statistically significant causal relationship from
changes in R&D expenditures to changes in economic
growth for any of the considered lag lengths (from 1 to
4 lags). The p-values of the F-test were well above the

Table 12 — Granger test values (the impact of economic growth

0.05 significance level. Alternative tests (chi-squared
test and likelihood ratio test) for lags 3 and 4 show
lower p-values (p < 0.05). However, F-test results are
generally preferred for small samples, and in this case,
they do not support causality.

on R&D expenditures)

Lags F P chi2 P df

Lag 1 0.1341 0.7181 0.1542 0.6945 1

Lag 2 5.1056 0.0183 13.2144 0.0014 2

Lag3 3.7717 0.0357 16.9728 0.0007 3

Lag 4 3.0454 0.0645 22.1483 0.0002 4
Note — Calculated by the authors

The results of the Granger causality test, con-
ducted on differenced series, indicate a stable causal
relationship at lags 2 and 3. Specifically, past chang-
es in GDP growth rates statistically significantly im-
prove the forecast of changes in R&D investment.
This provides evidence of one-way Granger causal-
ity running from changes in economic growth to
changes in R&D investment.

Although the VAR model based on differenced
data identifies a statistically significant positive ef-
fect of changes in R&D investment with a one-peri-
od lag on changes in economic growth, the Granger
causality result does not support the existence of
causality from changes in R&D expenditures to

changes in economic growth. This discrepancy may
arise because the Granger test evaluates the joint
predictive power of all included lags of a variable,
whereas the VAR framework assesses the statistical
significance of individual lagged coefficients while
controlling for other variables in the system. In addi-
tion, the small sample size may reduce the statistical
power of the Granger tests.

Based on these results, the study’s hypotheses
can be summarized as follows.

Hypothesis H1 regarding the relationship be-
tween R&D investment and investment in fixed
capital is partially confirmed. According to the
VAR model in first differences, changes in fixed
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capital investment are mainly explained by their
own lagged changes, particularly at lag 3, while no
statistically significant effect of changes in R&D
expenditures on fixed capital investment is detect-
ed. In contrast, in the equation for changes in R&D
investment, a statistically significant negative effect
of changes in fixed capital investment at lag 3 (p =
0.013) is observed, which may indicate a delayed
substitution effect between the two types of invest-
ment. The Granger causality test does not confirm
causality from changes in R&D expenditures to
changes in fixed capital investment for any of the
considered lags. In the reverse direction (changes
in fixed capital — changes in R&D investment),
causality is also not detected for lags 1-3; however,
at lag 4, the results are mixed: the chi-squared test
(p=0.069) and LR test (p = 0.0304) suggest a pos-
sible link, while the F-test (p = 0.1736) does not
support it.

Hypothesis H2, regarding the effect of R&D in-
vestment on Kazakhstan’s economic growth, is also
partially confirmed. The VAR model reveals a posi-
tive and statistically significant impact of changes in
R&D investment with a one-period lag on changes
in economic growth, as well as a reverse effect in
which changes in GDP growth at lag 2 positively
affect changes in R&D investment. However, the
Granger causality test does not confirm causality
from changes in R&D expenditures to changes in
GDP growth according to the F-test at any lag. At
the same time, alternative tests (the chi-squared and
LR tests) at lags 3 and 4 yield lower p-values, indi-
cating a potentially weak relationship. In contrast,
Granger causality from changes in GDP growth
rates to changes in R&D investment is robustly con-
firmed at lags 2 and 3 by all tests, pointing to a pre-
dominantly one-way dynamic relationship between
these variables.

Conclusion

This study provides a comprehensive empiri-
cal analysis of the dynamic interactions between
R&D expenditures, investment in fixed capital, and
economic growth in Kazakhstan over the period
2000-2024. Using a VAR framework estimated in
first differences, combined with stationarity testing
and Granger causality analysis, the study focuses on
short-term dynamics and predictive relationships
among changes in these variables. This approach al-
lows for a more precise interpretation of innovation-
driven growth processes in a developing economy

by emphasizing adjustments and fluctuations rather
than long-run levels.

The results indicate that changes in fixed capital
investment are primarily driven by their own past
changes, particularly at a three-period lag, while
changes in R&D expenditures do not exert a sta-
tistically significant direct influence on changes in
capital investment. At the same time, a lagged nega-
tive effect of changes in fixed capital investment on
changes in R&D expenditures is identified, suggest-
ing a delayed substitution effect between these two
forms of investment. Granger causality tests largely
confirm the absence of a strong predictive relation-
ship between the two, with only weak and lag-spe-
cific indications that warrant further investigation.

With respect to economic growth, the VAR re-
sults show that changes in R&D investment with a
one-period lag have a positive and statistically sig-
nificant effect on changes in GDP growth, under-
scoring the role of innovation in shaping short-term
growth dynamics. In addition, changes in economic
growth positively influence subsequent changes in
R&D expenditures, indicating that innovation activ-
ity is responsive to improvements in macroeconom-
ic conditions. Although Granger causality tests do
not support causality running from changes in R&D
expenditures to changes in economic growth, they
consistently confirm one-way causality from chang-
es in GDP growth to changes in R&D investment,
highlighting economic performance as a key driver
of innovation dynamics.

Overall, the findings partially confirm the pro-
posed hypotheses. Hypothesis H1, which posits a re-
lationship between R&D investment and fixed capital
investment, receives limited support, with evidence
pointing to a lagged negative effect from changes in
fixed capital investment to changes in R&D expen-
ditures. Hypothesis H2, concerning the positive im-
pact of R&D investment on economic growth, is also
partially confirmed: while the VAR model identifies
a significant short-term effect of changes in R&D
investment on growth dynamics, Granger causality
results emphasize the predictive role of economic
growth for R&D activity rather than the reverse.
These results underscore the complexity and lag-
dependent nature of interactions between innovation,
investment, and growth in Kazakhstan.

This study contributes to the literature by pro-
viding empirical evidence on the short-term dynam-
ics of R&D, investment, and economic growth in an
emerging economy context using differenced data.
From a policy perspective, the findings suggest that
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