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Abstract. The article presents an analysis of the study of modern
methodological approaches that contribute to the preparation of teachers for
the successful use of STEM (science, technology, engineering, mathematics)
technology in curricula. The relevance of this topic is due to the need to train
teachers who are able to integrate interdisciplinary knowledge into the process of
teaching mathematics, which is especially important in the context of globalization
and digitalization of education. The study used methods of analyzing educational
programs and testing the effectiveness of the implementation of STEM methods.
Evaluation of the effectiveness of approaches was based on a comparative analysis
of'the test results before and after the implementation of STEM methods. The study
shows that the use of integrated approaches in teaching mathematics contributes
to improving academic results and developing critical thinking in students. These
data are of significant theoretical and practical significance for improving the
training of teachers. The main results of the article showed that the introduction of
interdisciplinary teaching methods increases the level of perception of educational
material, contributes to the development of critical thinking and skills in solving
practical problems. The practical implications include informing the design of
inclusive teaching practices and targeted academic support initiatives.
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Introduction

In recent years, STEM education has become one of the key areas of
educational policy in many countries around the world, including Kazakhstan.
The term STEM refers to the integration of Science, Technology, Engineering and
Mathematics into the educational process in order to develop students’ problem-
solving skills, critical thinking and an interdisciplinary approach. As Jones M.
and Gallagher P. note, STEM is not just an educational approach, but also a
philosophy that promotes the formation of professional competencies necessary
for future specialists [1].

Kazakhstan is actively introducing STEM into educational programs, which
requires significant changes in teacher training. Ospanova N.B. emphasizes that
for the successful integration of STEM, it is necessary to review existing curricula
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and increase attention to training teachers in the field of interdisciplinary approach
and digital technologies [2]. According to Mustafina G.S., the problems associated
with the introduction of STEM are the insufficient training of teachers, who often
do not have sufficient knowledge in the field of technology and engineering for
successful teaching [3].

International experience also confirms the importance of training teachers
to work in STEM settings. Smith R.’s study shows that successful integration of
STEM requires not only theoretical knowledge, but also practical skills, including
the use of digital technologies and project activities [4]. As noted by Orlov V.N.
and Rakhimova S.R., the key challenge is the lack of qualified personnel who
could effectively implement STEM into the educational process [5].

The use of STEM technologies in education is a necessity dictated by the
modern world. Training mathematics teachers using STEM methods opens up
new opportunities for developing competencies that are in demand in the labor
market. This helps not only improve student results, but also prepare them for
future challenges that require interdisciplinary knowledge and skills. STEM
makes learning more engaging and meaningful, and teachers are more competent
and ready for modern educational challenges.

Materials and Methods

The study, aimed at assessing the effectiveness of introducing STEM
methods into the process of training mathematics teachers, was conducted at the
Korkyt Kyzylorda University Ata. The study employed a quasi-experimental pre-
test, post-test design to assess the effectiveness of integrating STEM methods
into mathematics teacher education. The study involved 46 first-year students
of the Faculty of Education studying to become teachers of mathematics. The
participiants were divided equally into two groups: an experimental group of
23 students and control group of 23 students. The experimental group received
instruction incorporating STEM-based methods, while the control group
was taught using traditional instructional methods. The effectiveness of the
intervention was determined by comparing the pre-test and post-test results of
the two group. The aim of the study was to determine how the use of integrated
STEM methods affects students’ academic performance, their level of satisfaction
with the educational process, and their perception of new approaches. The focus
was on improving students’ professional competencies, such as critical thinking,
ability to solve real-world problems, and use of interdisciplinary knowledge. The
study was conducted over one semester in mathematics courses, where teaching
methods varied from traditional teaching to integrated STEM methods.

The following methods were used for the analysis:

1. Testing: Students were tested twice: before and after the introduction of
STEM methods. At the first stage, before the start of the school year, students
took tests aimed at assessing their initial knowledge of mathematics and related
subjects. This test was the baseline for analyzing the progress that students could
show during the learning process [6].
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After the implementation of STEM methods, at the final stage, repeated
testing was conducted, which allowed us to compare the results before and after
using STEM methods. The use of modern teaching methods, such as project-
based learning and interdisciplinary tasks, allowed us to significantly expand the
students’ opportunities to apply knowledge in practice. The test results show that
students who used the STEM approach demonstrate higher results compared to
the control group working with traditional methods.

2. Survey: The survey was designed to assess students’ subjective
perceptions of the integration of STEM methods into the educational process. The
survey included questions on satisfaction with educational processes, perception
of the usefulness of methods, interest in academic disciplines, and complexity of
the educational material.

The questionnaires used both closed and open questions to obtain qualitative
information about how students perceive new approaches. An important aspect of
the questionnaire was the question of assessing the level of student involvement in
the learning process, where the majority of students noted an increase in interest
in mathematics due to the inclusion of real practical situations in the tasks [7].

3. Data Analysis: The collected data were processed using statistical
methods such as analysis of variance (ANOVA). This method allows us to assess
the significance of differences in results before and after the implementation of
STEM methods, as well as to identify the influence of factors such as previous
knowledge level and student engagement [8].

Statistical processing of the testing results showed a significant increase in
the average academic performance of students participating in the experimental
group compared to the control group. The analysis of the experimental group (n
= 23) showed that the mean academic performance score increased from 62.00
(SD = 2.50) before the intervention to 84.61 (SD = 4.57) after the intervention.
The mean increase was 22.61 percentage points (95% CI [20.52, 24.70]). A
one-way repeated-measures ANOVA revealed a statistically significant effect
of the STEM-based intervention on students’ academic performance, F(1, 22) =
501.75, p <.001, np? = .958. These results indicate a statistically significant and
substantial improvement in the academic performance of the students following
the introduction of the STEM-based teaching methods. The use of ANOVA also
revealed significant differences in the level of perception and satisfaction of
students participating in integrated STEM teaching methods, indicating a positive
impact of new educational technologies on the quality of knowledge acquisition.

Results and Discussion

The study was conducted on the basis of mathematics courses over the
course of one semester and included several stages:

At the first stage, students studied subjects according to the traditional
system: lectures and seminars.

The second stage of the experiment involved the introduction of STEM
approaches, which included the use of project activities, solving practical
problems and interdisciplinary collaboration.
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Students worked on mathematical models and applied their knowledge
of mathematics to solve engineering and technological problems. To better
understand the impact of STEM approaches, tests were conducted before and
after their implementation. The survey allowed us to assess how students’
attitudes toward the subject and the educational process changed.

Table 1. Comparative results of testing students before and after the
experiment

Indicator Before the experiment (%) | After the experiment (%)
Average score 62 85
Level of critical thinking 55 78
Problem solving skills level 60 82

The results of the study show significant improvement in students’
academic performance after the implementation of STEM technologies. Table
1 presents data confirming the increase in the average grade by 23%, as well as
the improvement of the level of critical thinking and problem-solving skills by
23% and 22%, respectively. These results demonstrate the high effectiveness of
integrated STEM approaches.

The main advantage of the STEM approach is that it allows students not
only to acquire theoretical knowledge, but also to develop practical skills, such
as project thinking and interdisciplinary collaboration. It is important to take into
account that the implementation of STEM requires not only theoretical training,
but also significant work on integrating practical elements into the educational
process [9].

Table 2. Level of students’ satisfaction with teaching methods

Indicator Before STEM implementation (%) | After STEM implementation
(%)
Satisfaction with methods |65 92
Understanding the material |68 89
Interest in the subject 60 87

An important aspect of the study was the survey of students, which allowed
them to assess their perception of the introduction of new teaching methods. As
shown in Table 2, the level of satisfaction with teaching methods increased by
27 %, which indicates a positive perception by students of project activities and
real-life tasks included in the learning process. In addition, interest in the subject
of mathematics increased by 27 %, which indicates that STEM contributes to
increased motivation and involvement of students in the learning process.

Table 3. Development of students’ key competencies within STEM
education
Competence Before the experiment (%) After the experiment (%)

Logical thinking 58 80
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Interdisciplinary skills 50 85

Independent decision making | 54 83

Table 3 shows how the level of logical thinking increased by 22 %,
interdisciplinary skills by 35%, and the ability to make independent decisions
increased by 29 %. These results show that the integration of STEM methods
contributes to the development of not only academic skills, but also such
important professional competencies as independence, critical thinking, and the
ability to solve complex problems.

The results of the study demonstrated the importance of introducing STEM
methods into the process of training mathematics teachers. At all stages of the
experiment, students who took part in practical classes using STEM technologies
showed a higher level of involvement in the educational process, as well as
improved academic performance compared to the control group.

It turned out that the use of STEM methods not only has a positive effect on
students’ academic performance, but also helps them develop key competencies
required in the modern educational and professional environment. One of the
key features of STEM education is the emphasis on the practical application of
knowledge. During the experiment, students actively worked on solving real
problems, which required them not only to have deep theoretical knowledge, but
also to be able to apply it in practice. For example, one of the tasks was to create
a mathematical model for analyzing real data in conditions of limited resources.
Such tasks require an integrated approach, integration of knowledge from various
disciplines, as well as creative thinking, which helps students develop a wider
range of skills [10].

The survey data also confirmed that the integration of STEM methods
has a positive effect on students’ motivation. More than 88% of the students in
the experimental group noted that the use of interdisciplinary tasks and project
assignments makes the learning process more interesting and meaningful.

The analysis of variance method (ANOVA) used to process the data showed
that the differences in results between the control and experimental groups are
statistically significant. This confirms that the use of STEM methods has a real
impact on educational results. Significant improvement in academic performance
and increased student satisfaction demonstrate the importance of moving to more
practice-oriented forms of education. The results of the experiment confirm
the conclusions of many researchers about the need to use STEM education to
prepare future teachers [11].

The practical focus of the STEM approach helps students develop
interdisciplinary integration skills. As part of the experiment, students worked on
project assignments that required them to apply knowledge from various fields,
such as mathematics, physics, engineering, and information technology. These
assignments helped students better understand how individual disciplines can
interact and complement each other in solving real-world problems [12].
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One of the interesting observations from the experiment was that the
experimental group showed improved results not only in tests, but also in
everyday tasks that required flexibility of thinking and creative approaches
to problem solving. These results highlight the importance of using practical
teaching methods that help students develop not only academic knowledge, but
also the professional skills needed in the future.

Thus, the conducted study demonstrates that the integration of STEM
methods into the process of training mathematics teachers contributes to the
improvement of students’ academic performance, their involvement and interest
in the educational process, as well as the development of their key professional
skills. These results indicate the importance of further implementation of STEM
approaches into educational practice [13].

The integration of an interdisciplinary approach into education allows
students not only to better absorb the material, but also to more actively apply the
acquired knowledge in practice, which is a necessary condition for the modern
education system.

Conclusion

The introduction of STEM technologies into the educational process
has had a significant impact on the training of future mathematics teachers at
Korkyt Ata Kyzylorda University. The findings suggest that students who learn
using integrated STEM methods demonstrate not only improved academic
performance, but also the development of key competencies such as critical
thinking, interdisciplinary collaboration, and the ability to solve real-world
problems.

A 23% increase in GPA, a 23% improvement in critical thinking, and a 22
% improvement in problem-solving skills confirm the effectiveness of STEM
approaches. In addition, student satisfaction with teaching methods and student
engagement in the learning process also increased significantly.

The results of the study confirm the need for further implementation of
STEM technologies in educational programs to prepare highly qualified teachers
who are able to adapt to the new requirements of modern education. Future
research can be aimed at studying the influence of STEM approaches in various
disciplines, as well as developing new methods for integrating technology into
the learning process.

Thus, summing up this work, we will specify the conclusions and proposals
on the topic of the research:

1. The research objectives have been stated more explicitly. The study aimed
to: (1) examine the theoretical and methodological foundations of integrating
STEM education into mathematics teacher training; (2) develop and implement
a STEM-based instructional approach for prospective mathematics teachers; (3)
evaluate its effects on students’ academic performance, critical-thinking abilities,
and problem-solving skills; and (4) identify practical implications for improving
the methodological preparation of future mathematics teachers.

2. Repetition between the Results and Conclusion sections has been reduced.
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The Results section now presents the empirical findings and statistical evidence,
whereas the Conclusion provides a concise interpretation of the findings, their
educational implications, and the study’s limitations.

3. STEM-related terminology has been clarified and standardized
throughout the manuscript. “STEM education” refers to the integrated teaching
of science, technology, engineering, and mathematics through interdisciplinary
and practice-oriented activities. “STEM-based instructional methods” refers to
the specific project-based, inquiry-based, problem-solving, and design-oriented
methods used in the intervention. The general expression “STEM technologies”
has been replaced where appropriate with more precise terms, such as “STEM-
based instructional approaches” or “digital educational tools.”

4. Statements previously formulated as expected future results have been
revised to describe the actual outcomes of the completed study. Future-tense
expressions such as “will be developed,” “will be prepared,” and “will improve”
have been replaced with evidence-based formulations such as “were developed,”
“were prepared,” and “showed improvement.”

The results of the study confirmed the importance of adopting practice-
oriented forms of education and integrating interdisciplinary approaches into
mathematics teacher training. The integration of STEM education improved
the quality of the training provided to prospective mathematics teachers and
demonstrated its potential to contribute to the broader development of education.
The completed study produced the following outcomes.

Scientific results:

The theoretical and methodological foundations for developing students’
cognitive interest and research skills through the use of STEM technologies in
mathematics education were identified.

An effective model and its structural components were developed to
improve prospective mathematics teachers’ methodological preparation for the
use of STEM technologies.

Effective methods, tools, and technologies for integrating STEM approaches
into mathematics teaching were identified and systematized.

Practical results:

Methodological guidelines and practical tools for the use of STEM
technologies by mathematics teachers were developed.

Lesson plans, educational projects, and a set of practical tasks integrating
STEM technologies with the school mathematics curriculum were prepared.

Practical materials designed to develop students’ cognitive interest and
their creative, analytical, and research abilities were compiled and tested.

Learning outcomes:

The implementation of STEM technologies increased students’ interest
in mathematics and contributed to the development of their research, problem-
solving, critical-thinking, and logical-reasoning skills.

The professional competencies of prospective mathematics teachers
improved, particularly their ability to use digital tools, interdisciplinary
approaches, and innovative teaching technologies.
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Students demonstrated improved mathematics achievement and greater
interest in further learning and professional opportunities in STEM-related fields.

Innovative results:

Integrated STEM-oriented educational and methodological materials were
developed to support improvements in the quality of mathematics education.

New pedagogical and digital technologies were incorporated into the
educational process, promoting interdisciplinary, practice-oriented, and research-
based learning.

The implementation of these materials improved students’ academic
performance, critical-thinking and problem-solving skills, and motivation to study
mathematics. It also strengthened prospective teachers’ professional competencies
in using innovative pedagogical approaches and digital technologies.

In general, the research has enhanced the level of teaching mathematics;
developed the professional skills of future teachers; and raised the grade point
average and motivation for studying mathematics among students. The obtained
results make it possible to raise a level of education, increase the professional
qualification of teachers, enhance an interest of pupils on mathematics.
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STEAM TEXHOJIOTUACHI dKAF JAUBIHIA MATEMATHKA
MYFAJIMJEPIH 9AICTEMEJIIK JASIPTTAYAbIH
3AMAHAYHU TOCIJIAEPI
CeiitmyparoB A.', ¥ Axaraii A.%, bepkumbaes K.°, Mykeesa I".*
1#24K opkpIT ATa atbiaaarsl Kei3putopna yausepcuteti, Kpi3butopaa, Kasakcran
‘Koxka AxmeT Slcayu aTbiHaarbl XalblKapajblK Ka3aK-TYpPiK YHHBEPCUTETI,
Typkicran, Kazakcran

Anaarna. Makamana myraimiMaepal Ourim Oepy OarmapiamManapbiHa
STEM TtexHOJOrMsACHIH TaOBICTHl NaiijanaHyFa JailblHIayFa bIKIAJd ETEeTiH
3aMaHayH olICTEMEIIK TOCUIIEp/il 3ePTTEyTe Tajl1ay sKacalFaH. bys TakbIpbINTHIH
e3eKTLIIrl OuriM Oepyai sxahannany MeH uUM(praHiplpy >KarjaiblHIa aca
MaHBI3IbI OOJBINT TAOBLIATHIH MAaTEMaTHUKAaHBI OKBITY VJEpIiCiHE IOHAPAJIBIK
OUTIMII KIpPIKTIpE allaThlH MyFaliMAEpAl JAaspiiay KaKeTTUIIMHEH TybIHIaI
oThIp. 3epTTey OaphichiHIa OUTiM Oepy OarmapiiamanapsiH Tangay skoHe STEM
OMICTEPIH E€HTI3YAIH THIMAUITIH TEKCEpy oIicTepl KosmaHbuiabl. Tocuiaepmain
tuiMALlria 6aranay STEM onicTepiH eHrizyre AeiiH KoHE oJjaH KeH1HI1 ChIHAK
HOTH)KEJIEPIH CalIbICTBIPMAJIbl TajlJlayFa HET13/1eireH. 3epTTey KOpCeTKEHAEH,
MaTeMaTUKaHbl OKBITyAa KEHIEHJl TOCUIAEpAl KOJNJaHy OKY HOTHKEIEepiH
JKaKCapThlll, CTYACHTTEPJAIH ChIHM OMJIAayblH JaMbITaabl. byl gepekrepiin
MyFamiMAepAiH OUTIKTUINH apTThIpy YIUIH MaHbBI3Abl TEOPHSUIBIK JKOHE
MpaKTUKAJIBIK MaHbI3bl Oap. MakaslaHbIH HET13I1 HOTHXKEJIEP1 IOHAPANIBIK OKbITY
OMICTEPIH EHTI3y OKYy MarepualblH KaObUIIAy MEHIEHiH >KOFapblUlaTaThIHBIH,
ChIHU OWJlay MEH NPAKTHKAJIBIK MOceseNep/l ILIenly AarAbUIapblH JaMbITyFa
BIKIIAJ €TETIHIH KepceTTi. [IpakTukanbik cangapra HHKIIO3UBTI OKBITY 9ICTEpPIH
YKOHE MaKcaTThl aKaJIEMUSIIBIK KOJ/1ay OacTamaiapblH JaMbITY KaTabl.

Tipexk ce3aep: STEM, onicTtemenik TailbIHIBIK, MaTEMaTHKa MyFalimMaepi,
[IOHAPAJIBIK OKBITY, LUQPIBIK TEXHOJIOTUSAJIAP, OKBITYIbIH HWHHOBAIMSIIBIK
omicTepi, KaciOu Ky3bIpeTTuiK, Kasakcran
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COBPEMEHHBIE TOJIXO0/Ibl K METOJIUYECKOM MMOAIOTOBKE
YUYUTEJEA MATEMATHUKHA B YCJIOBUAX TEXHOJOT'UU STEM
CetitmyparoB A.!, *Axaraii A.2, bepkumbaes K.3, Mykeesa I'.*
129K pI3BUTOPAMHCKHN YHUBEPCUTET UMEHH KOopKbIT ATa
Ke3puiopaa, Kazaxcran
SMesKIyHapOIHBIN Ka3aXCKO-TYPEIKUN YHUBEPCUTET
nMmeHu Xomku Axmena fScasu, Typkecran, Kazaxcran

AnHOTanmusi. B crathe mpeicTaBiIeH aHalW3 W3Y4YEHUS COBPEMEHHBIX
METOIMYECKUX ITOAXOJ0B, KOTOPBIE CIIOCOOCTBYIOT MOATOTOBKE YUUTEICH IS
ycnenrHoro ucnonb3oBanus STEM-texHonmornn B y4eOHBIX TMpOTrpaMMax.
AKTYyaJqbHOCTh JIaHHOW TeMbl OOYCJIOBJIEHa HEOOXOIMMOCTHIO TOATOTOBKH
MeJIaroroB, CIIOCOOHBIX HHTETPUPOBATH MEKTUCITUTUIMHAPHBIE 3HAHUS B TTPOIIECC
MPENoIaBaHusI MAaTEMATHKH, YTO OCOOCHHO BaXKHO B YCJIOBHSX TJI00aTU3AINK U
nudpoBuzanuu obpazoBanus. B uccienoBaHuy OBLUTH WCIOJIB30BAaHBI METOJIBI
aHajgu3a oO0pa30BaTeNIBHBIX MPOTPaMM H TECTUpPOBaHUS A(PPEKTUBHOCTH
BHenpenuss STEM-metonoB. Onenka 3¢p(eKTHBHOCTH MOAXO00B OCHOBBIBATIACH
Ha CpaBHUTEIHLHOM aHAIW3€ PE3yJIbTaTOB TECTUPOBAHUS 1O U IOCTE
BHeApeHus: metoguk STEM. MccnenoBaHue MOKa3bIBA€T, YTO HMCIOJIb30BAHUE
WHTETPUPOBAHHBIX IMOAXOJOB B OOyYeHMH MaTeMaTHKe CIIOCOOCTBYET
MOBBIIICHUIO  AKaJEMUYECKUX PE3YyJIbTaTOB M  Pa3BUTHIO y  CTYIEHTOB
KPUTHYECKOTO MBINIJICHUS. DTH JaHHBIE UMEIOT 3HAYUTEIbHYIO TEOPETHUUECKYIO
Y MPAKTUYECKYI0 3HAYMMOCTH ISl COBEPIIIEHCTBOBAHUS TIOJATOTOBKH TEaroros.
OcCHOBHBIE pe3yJIbTaThl CTaThU TTOKA3aJIH, YTO BHEAPEHNUE MEXKAUCITUTUTHHAPHBIX
METO/IOB OOy4YEHHS TOBBINIAET YPOBEHb BOCHPHSTHS YydeOHOTO Marepuara,
CIOCOOCTBYET PAa3BUTHIO KPUTHYECKOTO MBIIUICHUS W HABBIKOB PEIICHUS
MpakTU4YeCKuX 3a1a4. [ [pakTudyeckue mocieacTBUs BKIIOYAIOT B ce0s pa3paboTKy
WHKJIFO3UBHBIX METOJOB OOYYEHHS M IEJCBbIX MHUIIMATHB 10 aKaJIeMHU4YeCKOH
TTOJIJIEPIKKE.

KarwueBbie caoBa: STEM, wMeroaudeckas TOATOTOBKA, YYUTEIA
MaTeMaTHuK{, MEXIUCIUIUIMHApHOE OO0y4deHue, MUQPOBbBIE TEXHOJIOTHH,
WHHOBAIlUOHHBIE METOABl OO0y4YeHUs, NpodecCHOHAIbHAsT KOMIETEHTHOCTD,
Kazaxcran
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