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DIGITALIZATION OF SCIENCE IN KAZAKHSTAN AS A FACTOR ECONOMIC GROWTH

This research examines the impact of the digitalization of the scientific sector in the Republic of Kazakhstan on
the country’s economic growth. A comprehensive analysis of academic literature, statistical data, and regression
modeling was conducted to quantitatively assess the contribution of digital transformation to economic development.
The results show that each billion tenge invested in digital scientific technologies contributes to a 0,035% increase in
gross domestic product (GDP), while each implemented research project leads to a 0,012% rise in GDP. A stable
positive correlation between digital activity in science and economic growth rates was identified. A comparative
analysis with neighboring countries (Russia, Uzbekistan, Kyrgyzstan) revealed both Kazakhstan’s achievements and
existing challenges, such as underdeveloped digital infrastructure in rural regions, a shortage of qualified specialists,
and limited research funding. The study substantiates the need for effective government policies aimed at promoting
digital science. It is determined that digitalization enhances innovation capacity, drives economic diversification, and
strengthens global competitiveness. The findings confirm the relevance of further research in this field. Strengthening
collaboration between science, industry, and government is recommended to ensure sustainable long-term
development.
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Introduction. This article examines the analysis of digital science in the Republic of Kazakhstan and
This article examines the analysis of digital science in the Republic of Kazakhstan and its role in the
country’s economic sector. It uses a methodology that includes both a review of existing scientific literature
and statistical modeling to more accurately assess the impact of digital infrastructure and research
investment on a country's overall gross domestic product (GDP) growth. The main objective of the study
is to quantitatively determine the relationship between investments in digital scientific technologies and
GDP growth, as well as to identify the role of scientific research projects in enhancing economic
development.

To achieve this goal, the study sets the following research tasks:

- to analyze the current state of digitalization in the scientific sector of Kazakhstan;

- to evaluate the correlation between digital investments and GDP growth; to conduct a comparative
analysis with neighboring countries;

- to identify existing problems and propose recommendations for effective development.

The methodological approach of the study includes a combination of quantitative and qualitative
methods. Multiple regression analysis was applied to estimate the statistical significance of the influence
of independent variables — digital science investments and research project output — on the dependent
variable, GDP growth. Statistical data were obtained from official national sources such as the National
Statistics Bureau and international organizations including the World Bank and UNESCO.

The results of the study show that the introduction of digital technologies in the scientific sphere
contributes not only to the acceleration of the process of innovative development, but also to a significant
increase in labor productivity, which in turn supports sustainable development and diversification of the
economy. For example, according to the data obtained, every billion tenge invested in digital technologies
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contributes to the growth of the country's GDP by 0.035%, which indicates the importance of these
investments for economic progress. In turn, each new research project, regardless of its scale, increases
Kazakhstan's GDP by 0.012%, which also emphasizes the importance of scientific initiatives for overall
economic well-being.

The study also provides a comparative analysis of Kazakhstan's indicators in the context of
neighboring countries, which allows us to identify both strengths and existing gaps in infrastructure
development. One of the main shortcomings is the lack of highly qualified specialists, which significantly
limits the opportunities for further development of digital science and technology. In particular, there is a
need to attract specialists with skills in working with the latest digital tools, as well as to create effective
educational programs for training such personnel.

Thus, the structure of this article includes an introduction with clearly formulated objectives and
methods, a literature review, a detailed analysis based on empirical data, and a conclusion that summarizes
the key findings and policy recommendations.

Literature Review. Digital transformation is becoming the backbone of modern economies,
fundamentally changing industries and driving innovation around the world. The introduction of digital
technologies into scientific research is not just an improvement, but a true paradigm shift, allowing for
faster creation of new knowledge, improved collaboration, and more efficient use of resources. According
to Romer’s endogenous growth theory, technological innovation and knowledge creation play a key role in
driving long-term economic growth [1]. The digitalization of science, which includes technologies such as
artificial intelligence (Al), machine learning, and blockchain, is helping scientists solve complex problems
faster and more efficiently than ever before.

Studies conducted in developed countries highlight the importance of digital technologies for science.
For example, Grima et al. (2020) argue that digital tools improve the efficiency of scientific research and
reduce its costs, which directly contributes to economic growth [2]. Similarly, Ivanova and Petrovsky
(2022) show that investments in digital infrastructure are closely associated with GDP growth, highlighting
the importance of having sustainable policies and funding [3]. For example, the European Union's Horizon
2020 programme has had a significant impact on innovation development through targeted digital projects
and has become an example for other regions [4].

The main part. Republic of Kazakhstan follows global trends in digital transformation, but its path is
determined by specific socio-economic conditions. Since the launch of the Digital Kazakhstan program in
2018, significant integration of digital technologies into scientific research has been achieved. Investments
in digital science have led to tangible results in the form of improved research quality, which in turn
supports economic diversity and strengthens the economy [10].

According to national statistics, spending on digital science increased by more than 50% between 2018
and 2022, and the number of research projects increased proportionally to this growth. This is in line with
global practice, which shows that even small investments in digital infrastructure can yield significant
economic results. At the same time, Kazakhstan faces a number of challenges, such as uneven access to
technology, a shortage of qualified specialists, and low R&D funding (0,35% of GDP), which lags
significantly behind the levels in more developed countries [5-6].

A comparison with neighboring countries highlights both Kazakhstan’s strengths and areas for
improvement. While Kazakhstan outperforms Kyrgyzstan and Uzbekistan in terms of the impact of digital
investment on the economy, it lags behind Russia, which has more investment and a more developed digital
ecosystem. Table 2 of this study shows how the level of investment affects economic outcomes,
highlighting the importance of increasing funding and skills development in the country [7].

There are several strategies that can accelerate the digital transformation process in Kazakhstan. For
example, public-private partnerships, similar to those implemented in South Korea and Singapore, have
proven effective in creating innovation ecosystems [8-9]. Another important step is the implementation of
programs aimed at improving skills, which will help to eliminate the shortage of specialists and ensure the
creation of a workforce capable of working effectively with advanced technologies.

Kazakhstan’s work in the field of digitalization of the scientific sector opens up prospects for economic
diversification and knowledge-based growth. However, for sustainable progress, it is necessary to follow
the best international practices and address current issues. Future research should focus on the long-term
effects of digitalization of science on productivity and innovation, thereby providing a sound basis for future
policy development. [11].
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Table -1
Digital Science Outputs and Investments in the Republic of Kazakhstan
Years | Investments (billion tenge) Research projects Contribution to GDP
(%)
2018 45 120 1,2
2019 50,5 140 15
2020 55,8 160 1,7
2021 62 180 2
2022 70,3 210 2,3

* compiled by the authors based on the source [5]

The data show a clear relationship between digital investment and GDP growth. Regression
analysis allows us to more precisely estimate this relationship:
GDP Growth = Bo+ B1 X Investment + Output Research + eGDP \ Growth= B+ B1\ time Investment+
B2\ time research \ output+epsilon GPD Growth = By + B1 x investment + B, x Output Research + e.
Where:
-B1=10,035\B;=0,035 B; = 0,035: Every billion tenge invested in digital technologies increases GDP
by 0,035 %;
- B1=0,012\ B,=0,012: Each additional research project increases GDP by 0,012 %j;
- R?=0,85: The model shows 85 % of the variability in GDP growth.

Comparisons with neighboring countries highlight Kazakhstan's strengths and areas that require
improvement.

Table — 2
Comparative analysis of the impacts of digitalization
Countries Digital investment Output research GDP Growth Impact
(GPD's %) growth (%) (%)
Republic of 0,35 5,2 2,3
Kazakhstan
Republic of 0,25 4 1,6
Kyrgyzstan
Russian Federation 0,5 6,1 3,5
Republic of 0,25 4,8 1,8
Uzbekistan

* compiled by the authors based on the source [6]

Kazakhstan is compared to Kyrgyzstan and Uzbekistan in terms of impact on GDP growth, but lags
behind Russia, which receives higher investment and has a more mature digital ecosystem.

Kazakhstan faces a number of challenges, such as uneven access to digital technologies, a shortage of
skilled labor, and insufficient funding for scientific research. However, initiatives such as the National Open
Science Platform and the creation of digital laboratories show the country's potential to overcome these
challenges and use digital science to stimulate economic growth.

The research methodology is based on theoretical concepts of endogenous growth theory, which
emphasizes the role of knowledge and technology as key drivers of economic development. P. Romer's
model forms the basis for the analysis, showing how investments in human capital and technology
contribute to long-term economic growth. In this context, digital science becomes an important element in
increasing productivity and stimulating innovation processes.

The study applies a quantitative method, using data from national statistics, international reports, and
scientific publications. Key variables such as investments in digital science and scientific research output
were analyzed to assess their impact on GDP growth. To quantify these relationships, a multiple regression
model is used, based on the assumption that increased digital investment and scientific activity significantly
affect economic development.
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The theoretical basis of the analysis is built on the concept of digital transformation as a tool that helps
to bridge the gap between scientific achievements and their practical implementation. Advanced
technologies such as artificial intelligence and big data create synergies that improve efficiency across all
sectors. This is consistent with Schumpeter’s theory of innovation, which states that technological
breakthroughs disrupt traditional economic structures, opening up opportunities for sustainable growth.

Empirical evidence supports these theoretical ideas, showing a strong relationship between digital
science and economic development. Every billion tenge invested in digital science increases GDP growth
by 0,035%, and additional research projects further enhance this effect. These results confirm that
digitalization contributes to economic diversification and strengthening resilience, especially in natural
resource-dependent economies such as Kazakhstan.

The work also includes a comparative analysis that allows assessing the position of Kazakhstan relative
to its neighbors in the region. The results highlight the key importance of targeted investments and strategic
policy decisions in building a strong digital ecosystem. By leveraging the principles of the knowledge
economy, Kazakhstan can become a regional leader in innovation-driven growth.

The information was compiled from the national statistics bureau, the World Bank and UNESCO. Key
variables include:

1) Independent variables: investments in digitalization of science (in billion tenge) and scientific
research results (number of scientific projects and programs);

2) Dependent variable: constant growth rate of GDP.

The interrelation between digital science and GDP growth was examined using multiple regression
modeling. Diagnostic tests confirmed the reliability of the results, establishing statistical significance for
all factors affecting the dependent variable.

In addition, it is important to mention the best ideas:

- Digitalized laboratories: newly developed products that are equipped with new technologies for
better scientific and technical research;

- Integration with the industry 4.0 concept: application of digital technologies in industry,
agriculture and energy.

Results. The main results of this study show the growth of the economy of Kazakhstan taking into
account investments in the field of science, especially in the direction of digitalization. According to the
analysis of statistical data, it can be seen that such investments have a positive impact on the GDP indicator,
each billion tenge allocated to science provides GDP growth of about 0.035%. In addition, every 50
completed scientific projects and programs increases GDP by about 0.61%, which shows the basis for
building a strong scientific environment with investments.

Investments allocated for the development of digital scientific and technical projects increased by 57%
from 2019 to 2023, that is, from 45.1 billion tenge in 2018 to 70 billion tenge in 2023. Also, the number of
developed projects and programs increased by 73%. This growth corresponds to the implementation of the
state program «Digital Kazakhstan». This shows the need for the development of digitalization in the
country as a whole.

Regarding the comparative analysis. It shows the positive and negative sides of the country compared
to other countries, although the Republic of Kazakhstan surpasses the Kyrgyz Republic and Uzbekistan in
the development of investments in the field of digitalization and influence on GDP growth, the country is
ahead of Russia, where infrastructures and large investments in science and digitalization are developed.

These results show the importance for our country to increase funding in the field of digitalization of
science many countries demonstrate a successful increase in the country's economic growth. This is due to
the digitalization of many areas such as energy, agriculture, education and science. Science is the basis of
innovation in any country, where not only ideas and developments are born, but also production, which
serves to maintain the economic balance of the country.

Conclusion. Kazakhstan's digitalization development policy has great potential for achieving
scientific development. Based on the conducted analysis, the study confirms a stable and statistically
significant relationship between digitalization of science and the country’s economic growth. According to
the results, each billion tenge invested in digital science leads to a 0.035% increase in GDP, and every
implemented research project contributes an additional 0.012%. These findings empirically confirm that
science-based digital investment has a measurable impact on national economic performance.

The scientific novelty of the research lies in the quantitative substantiation of the correlation between
digital scientific infrastructure and economic growth, as well as in the development of a regression model
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that allows assessing the economic effect of specific scientific investments. In contrast to general policy
assessments, this study provides a detailed empirical basis for evaluating how digital science contributes to
the macroeconomic indicators of Kazakhstan.

The objectives and tasks of the research, including the evaluation of digitalization impact, comparative
regional analysis, and identification of structural barriers, have been fully achieved. The methodological
approach using multiple regression analysis has allowed for a rigorous assessment of economic dynamics
influenced by digital science.

However, the development of digitalization still requires special attention from the state and strategic
direction. In Kazakhstan, these issues are primarily associated with insufficient infrastructure in rural areas,
lack of highly qualified personnel, and limited funding mechanisms for long-term digital scientific
programs.

In terms of practical recommendations, the following measures are proposed:

- expand targeted state funding programs for digital science, especially in underrepresented regions;

- develop national training platforms focused on digital research skills in cooperation with universities
and international partners;

- promote public-private partnerships in scientific infrastructure development, following successful
models implemented in countries like Singapore and South Korea;

- integrate digital science tools into industrial sectors under the Industry 4.0 framework to enhance
applied research relevance.

The research results can be practically applied by policymakers in the formation of strategies for the
digital transformation of science, as well as by educational institutions and research centers aiming to
improve research productivity and technological innovation.

Future research should be aimed at the following areas:

- assessment of the long-term macroeconomic effects of digital scientific investment beyond GDP,
including productivity, employment, and innovation indices; Analysis of the effectiveness of specific digital
platforms and tools (Al, big data, blockchain) in accelerating scientific output;

- exploration of optimal governance models for digital research ecosystems in developing economies.

Overall, this article demonstrates that strategic investment in the digitalization of science not only
enhances the innovative capacity of Kazakhstan but also creates a sustainable foundation for diversified,
knowledge-based economic growth.
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Typranobaes /I.9., UcaeBa Bb.K., Ken:xxeryn M.O., Opa3zoaii JI.

KA3AKCTAHJATBI FBIJIBIMAbI HU®PJIAHABIPY DKOHOMHUKAJIBIK OCYIIH ®AKTOPbHI
PETIHAE

AHgaTna

Maxkanana Kazakcran PecryOnnkachbIHBIH FBUIBIMU CEKTOPBIH IU(PIIaHABIPYABIH €1 SKOHOMUKACHIHBIH 6CyiHe
acepi KapacTeIpblIFad. [ludpaanapipyaslH SJKOHOMUKAHBIH 1aMyblHa KOCKaH YJIECIH CaHABIK OarajayFa MYMKIHIIK
OepeTiH FBUIBIMH IKAPHUSIAHBIMIAP, CTAaTUCTUKAIBIK JIEPEKTEp JKOHE PErpecCHsUIbIK MOJENbACY HOTHKEIepi
tanganabl. [{ndpiblK FRUIBIME TEXHOJIOTHSIAPFA CAJIBIHFAH 9pOip MWLIMApZ TeHre jkammsl imki eHiMHIH (OKIO)
0,035%-ra, ai sxy3ere acsipburan apOip FeuTBIME jk00aHBIH 0,012%-Fa ecyiHe okeneTiHi kepceTinreH. FrutbiMaars
UQPIBIK OSICEHAITIK JeHreili MEH SKOHOMHUKAIBIK 6CY KapKbIHBI apachlHAa TYPAKThl OH KOPPENSHs TaOBIIIBL.
Kepmi exnepmen (Peceit, ©30ekcran, KpIprpI3cTaH) calbICTRIpMabl TATAAY XKYprisinin, KasakcTaHHBIH jkeTicTiKTepi
Jie, poOieMalblK acleKTiIepl e aHBIKTAIIbl: oHipiaepaeri IHPIbIK HHPPAKYPBUIBIMHBIH JKETKUTIKCI3 AT, OUTiKTI
MaMaHJapAbIH TaNIIBUIBIFBl JKOHE KAPJKBUIAHABIPYABIH IIEKTEYIiIiri. FeuIbIMHBIH mu(pIbK TpaHc(HOpPMALHUSICH
CaJIaChIHAA THIMJII MEMJICKCTTIK CasCaTThl 93IpJiey JKOHE ICKE achlpy KaKETTUIr Herisnmenedi. ENmiH FBUIBIMU
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KBI3METIH IU(PIIaHABIPY WHHOBAIUSIIBIK OJICYCTTIH OCYiHE, 3KOHOMUKAHBI dpTapanTaHAbIpyFa KOHE Y3aK Mep3iMIi
MIEPCIIeKTHBANA OHBIH >kahaHIBIK Oocekere KaOUIETTUNITiH apTTHIpyFa BIKIIAJ €TeTiHI aHBIKTaIAbl. HoTmxenep ockl
canagarbl KeHiHT1 FEUTBIMU 3€PTTEYIICPAiH 03€KTUIIrH pacTaiasl. FeuteiM, OH3HEC )KoHE MEMIIEKET apachIHIaFbl ©3apa
OPEKEeTTi KYIICHTY YChIHBLIAIBI.

Typraunoaes JI.A., UcaeBa B.K., Kenxeryna M.O., Opa3zoaii JI.
OU®POBU3AIINA HAYKH B KASAXCTAHE KAK ®AKTOP DQKOHOMHUYECKOI'O POCTA
AHHOTAINA

B crarbe paccmoTpeno BiusiHue U(poBU3aLNY HayqyHOro cextopa Pecrry6nmku Kazaxcran Ha SKOHOMHYECKHI
pocT ctpansl. [IpoaHann3npoBaHbl HAy9HbIE MyOJIMKALUK, CTATUCTHYECKHUE JAHHBIE M PE3YIBTaThl PETPECCHOHHOTO
MOJICTIMPOBAHMS, MO3BOJIIOIINE KOJIMYESCTBEHHO OLEHUTH BKJIAA HU(PPOBH3ANMHM B 3KOHOMHYECKOE Ppa3BHUTHE.
ITokazaHo, 4TO KaXIblii MHJUIMApA TEHre, WHBECTHPOBAHHBIA B NIH(POBHIE HAYYHHIC TEXHOJOTHH, IPUBOIJUT K
YBEIMUYECHUIO BAJIOBOTO BHYTpeHHero mpoxaykra (BBII) Ha 0,035%, a kaxblii pealM30BaHHBIA Hay4YHBIH MPOECKT —
Ha 0,012%. BrisBiieHa ycTOUMBas MOJIOKUTEIbHAS KOPPEISIIUSI MEXIY YPOBHEM IH(PPOBOIl aKTUBHOCTH B HAYKE U
TeMIIAMH POCTa 3KOHOMHUKHU. IIpoBenéH cpaBHUTENbHBIM aHanu3 ¢ coceqHMMH crpaHamu (Poccus, Y3bexwucraw,
KeIprei3cran), B pamMkax KOTOPOTO BBIIBICHBI Kak JOCTIKeHHMS Kazaxcrana, Tak M NHpPOOJIEMHBIE aCHEKTHI:
HelocTaToyHass uu(poBas HHPPACTPYKTYpa B pErHOHAX, HEXBaTKa KBaIU(UIMPOBAHHBIX CIICIHAINCTOB,
orpaHHYeHHbI 00bEM (uHaHCHpoBaHMs. OOOCHOBaHA HEOOXOAMMOCTH BBHIPAOOTKH M pealu3auuy 3PQPEeKTUBHOMI
TOCYAapCTBEHHON TOJMTHKU B obOsactu 1udpoBoi TpanchopManuu Hayku. OnpenesieHo, 4To Hu(ppOBH3ALM
HAaY4HOU JIeTeIbHOCTH CTPaHbI CIOCOOCTBYET POCTY MHHOBAIIMOHHOTO ITOTEHIIMANA, IUBEPCHU(UKAIIMN YIKOHOMHUKH
U TIOBBIMICHHIO €€ IT00aTbHOW KOHKYPEHTOCIIOCOOHOCTH B JOJNTOCPOYHOM mepcrekTuBe. [loydeHHbIE BBIBOABI
MOATBEPXKAAIOT aKTYaJIbHOCTh IAJbHEHINIMX MWCCIENIOBaHMH B MJaHHOM oOmacTH. PeKoMeHM0BaHO yCHINTH
B3aUMOJICHCTBHE MEXKIY HayKOH, OM3HECOM M TOCYIapCTBOM.

— SNSRI —
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