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Abstract. In the context of rapid digitalization and the development of
artificial intelligence, STEM education has become one of the key priorities in
the modernization of education systems worldwide. The State Program for the
Development of Education and Science in the Republic of Kazakhstan for 2020—
2025 emphasizes the development of digital infrastructure in educational institutions
and the widespread integration of STEM technologies into the teaching and learning
process. This approach contributes to the formation of subject-specific, meta-subject,
and key competencies among students. The purpose of this study is to analyze the
level of development of STEM education in the Republic of Kazakhstan based on
pedagogical scientific publications and to identify major research trends in this field.
The research employed content analysis, comparative analysis, systematization, and
statistical data processing methods. The empirical basis of the study consisted of
STEM-related articles published between 2020 and 2025 in nine pedagogical journals
recommended by the Quality Assurance Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan. The results demonstrate a steady
increase in the number of scientific publications devoted to STEM education. A total
of 57 articles were identified and analyzed, with the majority focusing on secondary
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and higher education levels. In addition, the ten most frequently cited articles were
identified, highlighting the dominant research directions within STEM education
in Kazakhstan. The practical significance of the study lies in the applicability of
the findings for the development of STEM-oriented educational programs, teacher
training systems, and the planning of future research in the field of STEM education.

Key words: STEM education in Kazakhstan, STEM education, research review,
scientific direction, thematic review
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Annorauus. Kazipri skahangany MeH uudpiblk Tpancdopmanus >karaaibiaga
STEM 6inim Oepy xyiecin gaMbITy 0151iM Oepy caachlHbIH 0achIM OarbITTapbIHBIH
Oipine aiiHambeinm oTHIp. Kaszakcran PecnyOnmkaceima OuUTiM MEH FBUIBIMIIBI
nambiTyabiH 2020-2025 xpuigapra apHaidfaH MEMIICKETTIK Oargapiamachl OiimiM
Oepy yHMBIMIApBIHBIH HHUQPIBIK WHQPaKYPBUIBIMBIH SKaHFBIPTYABl xkoHe STEM
TEXHOJIOTUSUTAPBIH OKY YEpiCiHe KeHIHEH eHri3ymi ke3medai. bynm OarwiT Oinim
QIyIIBIIAPABIH MOH/IK, METAIOHIK KOHE HETi3r1 KY3bIpETTepiH KaJbIITaCThIpyAa
MaHBI3bl peN arkapansl. 3epTreyniH Makcarbl — Kaszakcran PecnyOnukackiHga
STEM 6inim OepyniH AaMy AEHIEHiH MeAaroruKaliblK FBUIBIMH SKapHsIaHbIMIap
HeTi31HJe Tanay )KoHe OChI cajla/laFbl HeTi3r1 ypAicTepaAi aiikpiHaay. 3epTTey aicTepi
pEeTiHAe KOHTEHT-Taujay, cajbICThIpMalibl Tajiay, jKyHheney >KoHEe CTaTHCTHUKAIIBIK
OHJCY Tocinnepi Konaanbuiabl. 3eprrey O6apoicbinna KP Frutbiv skoHe sxorapsl OiniM
MUHHCTPAIriHIH Camanbl KAMTaMAaChl3 €Ty KOMUTET] YChIHFaH TOFbBI3 Me1arOTMKaJIbIK
xypraina 2020-2025 xeuigapsl xxapusuianFad STEM TakbIpbIObIHAAFBI MaKaIanap
capanrannsl. Hotmkenep STEM 6inim Oepyre apHairaH FhUIBIMH KapHsUTaHBIMIAD
CaHBIHBIH JKbUI CallblH TYpPaKThl ©CIN OTBIPFaHbIH KepceTTi. bapnbirbl 57 Makana
AHBIKTAJIBIT, OJAapIbIH O0ackiM OeIiri opTa jKoHE >KOFapbl OiiM Oepy JeHrennepin
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KaMTHUTBIHBI Oenrini 6onapl. COHBIMEH Karap, €H Kell Jdiiekce3 anraH 10 makana
1pIKTeNiI, 3epTTey TaKbIPBINTAPBIHBIH HET13T OaFbITTapbl alKbIHAANABL. 3epPTTEYAIH
MPaKTUKAJIBIK MaHbI3bl anblHFaH HoTkenepai STEM Oimim Oepyai maMbITyra
apHaJIFaH FBUIBIMU-3€PTTEY IKYMBICTapbIH JKOCHapiayda, IEAaror Kaapiapsl
Jasipray OKyHeciH OKeTinmipyae, coHaad-ak Oimim  Oepy OarmapiamanapbiH
YKAHFBIPTYJA KOJIJaHy MYMKIHJIITIMEH CUIIaTTalaibl.

Tyiiin ce3nep: Kazakcranmaret STEM 6imim Gepy, STEM 6inim  Gepy,
3epTTeyiaepre Moy, FeUIBIMUA OaFbIT, TAKBIPBIITHIK IIOTY
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AnHoTanus. B ycioBusX UupoBH3aLMM U CTPEMHTEIBHOTO DPa3BUTHS
TEXHOJIOrui ncKyccTBeHHoro nHTemiekra STEM-o0pa3oBanue cTaHOBUTCS OIHUM
13 KIIFOYEBBIX HANPABICHUH MOJIEPHU3AIMY HAIMOHATIBHOM CUCTEMBI 00pa30BaHUsl.
locynapcTBeHHass mporpaMmMa pas3BUTHsL 00pa3oBaHMsT W Hayku PecnyOnuku
Kazaxcran na 2020-2025 rompl mpeaycMaTpuBaeT MOACpPHU3AIMUIO LU(POBOI
HHPPACTPYKTYPBI 00pa30BaTeIbHBIX OpraHu3aluii 1 akTuBHOE BHenpenne STEM-
TEXHOJIOTHH B Y4eOHBIH MpoLece, YTO ClIocoOCTBYeT (POPMHUPOBAHHIO TPEAMETHBIX,
MeTaInpeaMEeTHBIX U KIIOUeBBIX KOMIeTeHInH oOyvaromuxcs. Llenp ucciaenoBanus
- TpoaHanu3upoBarTh ypoBeHb pas3BuTus STEM-oOpazoBanusi B PecmyOmnuke
Kazaxctan Ha OcCHOBe MyOIMKaLWi B IeJarornyeCKMX HayYHbIX )KypHaJlax U BBISIBUTD
OCHOBHBIE TEHJEHLMH, JOMUHUPYIOIIME HAMNpaBlIeHUs W HCCIeN0BaTeIbCKUE
aKIEeHTHl B JAHHOW oOmacTu. MeTOJ0NOrH4ecKyl0 OCHOBY COCTABMJIM KOHTEHT-
aHaJIN3, CPABHMUTENBHBIN aHaIN3, METOJAbl CHUCTEMATH3alMM M CTAaTHCTUYECKOH
00pabOTKH AaHHBIX. DMITUPUYECKYIO 0a3y uccienoBanus chOPMUPOBAIIN CTAThH MO
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npobnemaruke STEM-o0pa3oBanusi, omyOnMKOBaHHBIC B JEBSTH IEAArOTHYECKUX
KypHaiax, pEeKOMEHAOBaHHBIX KoMmuTeToOM 10  O0ECHEeUeHHI0  KauecTBa
MuHucTepcTBa HayKH U BbIcIIero oopasoBanus PecryOnuku Kasaxcran, 3a nepuon
2020-2025 rr. [lomy4yeHHble pe3ynbTaThl CBUACTENBCTBYIOT O CTa0OMIBHOM POCTE
qrciaa HaydHbIX padort, nocBamEHHbIXx STEM-o00pa3oBanuto. B o0meil cnoxuoCcTH
OBLIO MPOAHATM3UPOBAHO 57 cTaTel, 3HAUUTEbHAS YaCTh KOTOPBIX HAIpaBlIeHa Ha
H3y4YeHHE BOMPOCOB CPEIHEro W Bhbicuiero oOpa3oBaHus. Takxke ObLIM BBIAEICHBI
10 nambonee UMTHUPYEMBIX MyOIMKAaLWH, MO3BOJSIOMIMX OINPEACTUTh KIIIOUYEBbIC
TeHneHunn pas3Butuss STEM-o0pazoBaHusi W METOAOIOTHYECKHE OPUEHTHUPHI
uccnenoBanuil. [Ipaktuueckas 3HaYMMOCTb PaOOTHI 3aKIFOYAETCS B BO3MOKHOCTH
WCTIOJIb30BAHUST PE3YJIBTaTOB HCCIEAOBAaHMS NPH pa3paboTke M MOACPHU3ALMH
00pa3oBaTeNbHBIX ~ MPOIPAaMM, COBEpIICHCTBOBAHUM  CHUCTEMBI  IOATOTOBKH
MEJarorMueckux KaJapoB, a TaKKe MPHU IJIAHWUPOBAHUHU IOCIEAYIOUMX HAYyYHBIX
uccnenosanuii B cpepe STEM-o6pazoBanust.

KioueBbie cioBa: STEM-o0pazoBanne B Kazaxcrane, STEM-o0pa3oBanue,
0030p HCCIeA0BaHNH, HAyYHOE HAIllpaBJICHUE, TEMaTHYECKUI 0030p

Introduction. The State Program for the Development of Education and Science
in the Republic of Kazakhstan for 2020-2025 provides for the development of the
digital infrastructure of educational organizations (wireless communication, cloud
technologies, microservers, computers and peripheral equipment, local area networks,
broadband Internet). . access). etc.) continues., is widely used in the secondary school
education system. In schools, in addition to chemistry, biology and physics, geography
classrooms are equipped with STEM technologies (Resolution of the Government of
the Republic of Kazakhstan dated December 27, 2019 No. 988).

Today, it is important to use innovative research technologies in teaching subjects,
giving priority to the formation of subject, meta-subject and basic competencies, and
to implement them on the basis of state standards. Among them, the importance of
STEM education is increasing every day due to the development of modern digital
technologies and the rapid pace of digitization of all spheres of human activity
(Yskakova et al., 2023).

In addition, in the seventh paragraph of the Address to the People of
Kazakhstan by Head of State Kassym-Jomart Tokayev, “Kazakhstan in the Era of
Artificial Intelligence: Current Issues and Their Solution through Radical Digital
Transformations,” the comprehensive digital modernization of the economy has
imposed new challenges related to the development of human capital.

The education sector plays a special role here.

In particular, digital technologies are rapidly changing the global labor market.
The demand for specialists who know the intricacies of working with artificial
intelligence is growing worldwide. In this regard, it is necessary to implement a
number of initiatives. First of all, it is necessary to develop a program and educational
materials on the basics of artificial intelligence for schoolchildren. It will also be
necessary to develop teachers’ skills in mastering artificial intelligence technology.
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(Kaceim-XKomapt TokaeBThIH «XKacanibl HHTEIUIEKT A9yipiHeri KazakcraH: ©3ekTi
MocenieNiep JKOHE OHBbI TyOerein HUQPIBIK ©3repicTep apKbUIbl LICHTYy» aTThI
Kazakcran xankeina XKongaysl. XKerinmi rapmak, 2025 k)

In this regard, we note that digital technologies are rapidly developing in our
country and introducing new changes to the educational process. For this reason, a
review and research were conducted on the development of STEM education in our
country.

Currently, leading countries around the world are developing educational
strategies that include various specialized programs for primary, secondary
and higher vocational education related to STEM education. Countries such as
Australia, England, Scotland and the USA have published national reports with
recommendations for implementing STEM education reform (Report to the World
Economic Forum, 2019).

Australia, China, England, Korea, Taiwan, and the United States are working
to develop a K-12 STEM curriculum that combines integrative, interdisciplinary
approaches in each STEM subject. These educational programs place great emphasis
on helping students understand how STEM education can impact their careers
(Bukhinskaya, 2016).

Research materials and methods. Since we are conducting the first research
related to STEM education in Kazakhstan, we first focused on studying how this field
is developing in our country. We are pedagogy from the list of scientific publications
recommended by the quality assurance committee. Ministry of Science and Higher
Education of the Republic of Kazakhstan. We reviewed articles on STEM education
published in approved industry journals. Focusing on the number and types of
publications, as well as research topics, we analyzed articles published in 2020-
2025. In 9 journals dedicated to STEM education (Abylkassymova et al., 2024).

During our review, we observed that STEM education is growing rapidly. This
is due to the increase in the number of articles published in these 9 journals over the
past 4 years. Based on this data, we used data from the past 6 years (2020-2025) for
a systematic analysis of the articles.

1. Number of articles published in 9 journals dedicated to STEM education.

2. Distribution of issues raised in the article by level (1st school level, 2nd higher
level).

3. Top 10 most cited articles.

Literature review and research hypotheses. The list of scientific publications
is provided by the Quality Assurance Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan. The journals recommended by
the Quality Committee are published in higher education institutions of Kazakhstan.
After analyzing these 9 publications, we focused on their articles focused on STEM
education in the last 6 years. Since this field of science is just developing in our
country, the number of articles in the journals was not very large. However, based
on our research work, we decided to study the level of development of this field of
science.
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The table provides information about the name of the journal published in
higher education institutions, the name of the university, and when the journal was
recommended by the quality assurance committee. List of pedagogical journals
recommended by the quality assurance committee in Kazakhstan (Kudaibergenova
et al., 2022).

Table 1. List of pedagogical journals recommended by the Quality Assurance Committee in
Kazakhstan.

Ne |Journal name University Name Registration
period

1 | Journal «Bulletiny, series Al-Farabi named after Kazakh National 03.03.2021
«Pedagogical Sciences» University.

2 | Journal «Bulletiny, series Kazakh National Pedagogical Institute 07.12.2021
«Pedagogical Sciences» named after Abai University

3 |Journal «Bulletiny, series Kazakh National Pedagogical Institute 25.06.2021
«Pedagogy and psychological named after Abai University
sciences»

4 |Journal «Bulletiny, series Academician E.A. Karaganda named after |03.15.2021
«Pedagogy» Boketova. University

5 | Journal «Bulletiny, Pedagogy. L.N. Gumilyov Eurasian National 18.03.2021

Psychology. Series «Sociology» University
6 |Bulletin of the National Academy | Kazakhstan Republic National Academy of |29.10.2021

of Sciences of the Republic of Science
Kazakhstan

7 | «Newspaper of Yasavi University» | Ahmet Yasawi named after International 07.12.2021

Kazakh-Turkish University

8 | «Intelligence, idea, innovation” is a | "A. Kostanay region named after 18.04.2023
scientific multidisciplinary journaly | Baitursynov University"

9 | Bulletin of the Kazakh National International"Relationship and JSC 07.12.2021
Academy of Sciences of Abylai "University of World Languages named
Khan and ATU. Educational after Abylay Khan "

Sciences Series

Research results and discussion. By reviewing Kazakhstani journals, we
collected articles on STEM education published in these 9 journals (Humanbaesa
C. Human6aea C. AnumbOekoBa JI., 2021). In just 6 years, these journals have
published 57 articles on STEM education. Therefore, STEM education in our
country is developing rapidly. Although several educational materials using the term
STEM education have been published since 2017, the increase in scientific articles
indicates that research is currently being conducted in the field of pedagogy. These
nine journals did not publish any articles on STEM education in 2020. In 2021, only
2 articles were published, and in 2022 and 2025, a total of 55 articles were published.
Figure 1 shows the number of publications by year.
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Publications index for 2020-2025
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Figure 1 - Number of publications by year.

Since these journals publish scientific articles and research in the field of
education, only articles related to STEM education are published in this field.
Therefore, the articles published in the annual editions are based on pedagogical
concepts and research.

2. Divide the issues raised in the article by levels (1 — school education level, 2 —
higher education level).

In addition to the number and types of publications, authorship analysis provides
another perspective on the scientific contributions and trends of interdisciplinary
research in STEM education. Since STEM education is not a well-defined field,
identifying and classifying the different careers associated with publication authorship
requires careful consideration. First, many publications in STEM education are co-
authored (Lee, 2020).

Considering the scientific contributions and trends of interdisciplinary research
in STEM education, we have shown in Table 2 the number of publications by topic
category and the annual number for the period 2020-2025.

Table 2. Frequency of research topics over a 4-year period.

Research Topics 2020 year |2021 |2022 2023 year [2024 2025 | There is
year |year year year |wety

Middle education 0 2 4 9 9 6 30

High Education to 0 0 4 8 6 8 26

give

Culture,social 0 0 0 1 0 0 1

industry and gender

Everything 0 2 8 18 15 14 57
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Table 2 shows the annual number and total number of publications in each of the
three subject categories for the period 2020-2025. In the field of higher education, no
publications were published at all in 2020, but the largest number of scientific articles
were published in the last five years. The number of publications in the last two
categories of annual publications has increased significantly. In 2020, no scientific
articles were published on secondary education issues, in 2021 — 2 articles, in 2022
— 8 scientific articles, in 2023 — 18 articles. In 2020, 2021, 2022, not a single article
on the topic of culture, social sphere and gender was published, and not a single
scientific article was published in 2023. This is just a quick proof. And, in 2024, 15
articles were published, and in 2025, 14 articles were published. Development of
STEM education.

Having studied the topics of articles in publications, we thought it would be
appropriate to group them by secondary education, higher education, culture, social
sphere, and gender. That is, we will classify articles written in the field of culture
and intended for secondary and higher education institutions. This shows the rapid
growth of the number of publications on STEM education in these journals (Figure

2).

scientific publications for secondary and higher education
institutions
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FEduraber.

b \
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Figure 2 - Scientific publications for secondary and higher education institutions.

3. The 10 most cited articles from the list of scientific publications
recommended by the Quality Assurance Committee of the Ministry of
Education and Science of the Republic of Kazakhstan.
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Table 3. Top 10 most cited articles from 2020-2025.

Ne Title (year of publication) Author Number
(Country/Region) quotes
1 STEM trajectories after women Kuzhabaykova A. 154
Full research on the specialty: Almukhambetova A.
experience Kazakhstan (2023) Nurpeisova A.
Kuchumova G.
(Almaty/Kazakhstan)
2 Elementary school students learn Iskakova 128
critical thinking skills through L. Sixty
STEM development programs L. Ermakhanov B.
(2023) (Almaty/Kazakhstan)
3 Methodology foundations of the A.E. Abilkasymova, MRS. Karataeva, 118
future of education (2024) K.M. Berkimbayev
(Almaty/Kazakhstan)
4 Turkish Language Experience in Kudaibergenova K. 112
STEM Education (2022) Abdrakhmanova H.
Umbetkulova A.
(Turkestan/Kazakhstan)
5 Creating an innovative STEM Kazbekova G. 111
approach to education (2022) Ismagulova Zh.
(Turkestan/Kazakhstan)
6 Under the STEM initiative lessons Nishanbaeva S. 88
are effective use of training (2021) Nishanbaeva S.
Alimbekova L.
(Almaty/Kazakhstan)
7 Didactic conditions for training Karataeva M. 83
future computer science teachers Grynshkun V.
based on the STEM educational Karataev G.
program (2023) (Astana/Kazakhstan)
8 High school students are interested Naushabekov J. 82
in STEM career outlook (2022) Zhapashov N.
Ospanbekov E.
(Almaty/Kazakhstan)
9 Student increase activity for STEM Bekbauova A. 82
use of technologies (2022) Torebayeva K.
(Almaty/Kazakhstan)
Methodological foundations A.A. Akhatai, A.Zh. 72
10 of using stem technology Seyitmaratov, G.M.
in mathematics: kazakhstan Yensebayeva, G. Pilten, P.
competition (2024) Pilten, A.A. Kuralbayeva.
(Almaty/Kazakhstan)

By analyzing articles published in scientific journals, we looked at the 10 most
cited articles published between 2020 and 2025. Of these 57 articles, 10 received a
maximum of 154 citations and a minimum of 72 citations. We looked at published

articles on STEM education in this country by citation count.

In addition, we found that 10 articles were from the Republic of Kazakhstan, 7
from Almaty, 1 from Astana, and 2 from Turkestan. The titles of the articles indicate

[NoI)

358




ISSN 1991-3494 6. 2025

that each author has the ability to apply STEM in all areas of science, depending on
the topic of their research.

Conclusions. From the list of scientific publications proposed by the Quality
Assurance Committee of the Ministry of Science and Higher Education of the
Republic of Kazakhstan, articles published in 2020-2025 related to STEM education
were analyzed. The annual increase in the number of published articles indicates
the rapid development of the STEM education sector. The frequency of publication
of articles in 9 publications increased significantly between 2020 and 2025. The
number of articles published in the field of secondary education is 30, in higher
education institutions - 26. And in the field of culture, social sphere and gender - 1
article was published.

In addition, the results of this analysis indicate the rapid development of research
in the field of STEM education. Despite the heterogeneity of the literature on
abstraction in STEM fields, we were able to link existing research across fields and
synthesize the results into an abstraction model for STEM education (RQ). Before
integrating everything into a single abstraction framework, we first identified and
synthesized the various elements. Here, we discuss the integration decisions made at
each stage (bexbayoBa A. Typebaesa K, 2022).

In conclusion, we were able to show how much STEM education is being studied
in higher education institutions. In the future, we will conduct a study on the extent

of research being conducted in the field of STEM education.
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