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PRACTICAL ASPECTS OF THE DEVELOPMENT OF STEM EDUCATION IN
KAZAKHSTAN

Annotation

The article discusses the importance of STEM education for workforce preparation in the context of Kazakhstan's
economic development. The main issue addressed is the need to prove the integration of new technologies into educational
programs, as this is crucial for preparing skilled specialists in a rapidly changing world. The aim of the study is to describe
new methods of implementing STEM education and to identify successful practices.

Research methods include analyzing current educational programs, studying examples of successful STEM
methodology implementation, and conducting professional development courses for teachers. The article describes
problem-based learning (PBL) methods that contribute to deeper student engagement and the development of critical
thinking skills.

The research results show that, despite significant progress in integrating STEM into educational programs and
successful examples of applying innovative methods, challenges remain, such as unequal access to resources and a
shortage of qualified specialists. However, successful initiatives, such as «<STEM for All» programs, demonstrate a
positive impact on the accessibility and quality of STEM education.

The conclusions emphasize that for effective implementation of STEM education, it is necessary to focus on
innovative teaching methods, address gender and socio-economic barriers, and adapt education to future technological
trends. In this way, Kazakhstan can develop a STEM education system that prepares students for the demands of a rapidly
changing world. The future of the country's economy depends on the ability to cultivate a new generation of scientists,
engineers, and innovators who will contribute to sustainable development and economic growth.

Key words: STEM education, interdisciplinary integration, engineering design, curriculum, technologies, problem-
based learning, research.

Introduction. With the development of the economy of Kazakhstan, the role of STEM education
in the training of future personnel is becoming more and more important. In his Address to the people
of Kazakhstan “A Fair Kazakhstan: Law and Order, Economic Growth, Public Optimism”, the
President noted that 2025 was declared the Year of Professional Professions. He stressed the need to
promote the values of hard work and professionalism in society, emphasizing the importance of blue-
collar professions [1]. Integration of new technologies, such as artificial intelligence, robotics and
biotechnology, in the curriculum is necessary to prepare students for future professional professions.
However, this requires continued investment in teacher training, curriculum development and
infrastructure.

High-tech production of Industry 4.0 today is changing all spheres of modern society. In today's
world, there are many factors that lead to an increase in human needs. Therefore, robotics and STEM
are becoming one of the main trends in global education. Thanks to the rapid development of
technology, new professions are emerging, and the demand for STEM specialists is growing
massively. In the field of robotics and STEM, other countries are intensively working on a strategic
long-term plan, using various teaching materials and the activities of the resource center [2].

STEM education is increasingly recognized as a critical factor in preparing the workforce of the
future in Kazakhstan. As the country seeks to diversify its economy and reduce its dependence on
natural resources, STEM education plays a key role in equipping the next generation with the skills
needed to succeed in the knowledge-based economy.

Kazakhstan's education system has made significant strides toward integrating STEM subjects
into the curriculum. With a focus on modernizing education, in particular through initiatives such as
the 100 Concrete Steps program, the government has increased investment in STEM-related
infrastructure and teacher training. However, the implementation of STEM education faces a number
of challenges, including uneven access to resources, especially in rural areas, and a shortage of STEM
specialists among teachers [3].

53


mailto:asyzdykova@orleu-edu.kz
https://journal.orleu-edu.kz/index.php/vesti-no/article/view/37

Opney. Yagikcis 6inim »xapubicbl — Oprniey. Bectn HenpepbiBHOro obpasoBaHus. Ne3(46)/2024

Despite the challenges, Kazakhstan has examples of successful innovative STEM teaching
methods that effectively engage students and develop critical thinking. For example, schools in
Kazakhstan are introducing problem-based learning to make STEM subjects more accessible and
practical. In problem-based learning, students work on real-world problems, such as developing
sustainable energy solutions or technologies for smart cities, allowing them to put theoretical
knowledge into practice. Another successful initiative is the “STEM for All” program, aimed at
increasing access to STEM education for girls and students from low-income families [4]. This
program offers free workshops, mentorship programs, and access to online resources, helping to close
the STEM participation gap.

Methods and materials. To achieve these goals, various approaches and methods are used to
contribute to a deeper involvement of students in the educational process and the development of
their skills. Among them, methods for STEM education in natural science subjects stand out:

- a research-based module using the 5E learning cycle;

- engineering design;

- Problem-Based Learning (PBL)

Table 1 describes teaching methodologies based on the 5E cycle, engineering design, and
problem-based learning (PBL), as well as their application [5].

Table 1. Teaching methodologies based on the 5E cycle, engineering design and problem-based
learning (PBL)

Method Description Application
Learning Cycle 5E A methodology  that | Engagement: An intriguing question or challenge to engage.
includes 5 stages: | Research: Work on the problem, experiments. Explanation:
involvement, research, | Interpretation of results, understanding of concepts. Deepening:

explanation, deepening and
evaluation.

Application of knowledge in new situations. Assessment:
Tests, projects or presentations.

Engineering Design

The process of creating and
optimizing products or
solutions develops critical
thinking and creativity.

Definition of the problem: Study of the problem.

Research: Gathering information and studying existing
solutions.

Ideation: Generation of ideas and development of concepts.
Prototyping: Creating models and prototypes.

Testing and improvement: Validating solutions and making
changes.

Problem-Based
Learning (PBL)

Focuses on solving real-
world problems that require
knowledge from different
STEM fields.

Problem definition: A difficult task to solve.

Research: Collecting information, analyzing data, exploring
approaches.

Solution development: Creating and testing solutions.
Presentation: Presentation of solutions, development of
communication and critical analysis skills.

Source: developed by the author.

These methods make STEM learning more interactive, practical, and relevant to the demands of
the modern world, developing important skills and competencies in students.

Results and discussion. Successful implementation of STEM education requires not only
enthusiasm and innovation, but also significant investment in teacher training, curriculum
development and infrastructure improvement. In this context, professional development courses, such
as those offered by Orleu, play a key role education, including the application of STEM education,
the introduction of experiential teaching methods, design, modeling, research and robotics based on
the principles of interdisciplinary integration.

The relevance of the program is due to three main factors:

1. Develops teachers' interest in science through the formation of research skills;
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2. Complements the changing needs of the workforce, which require more complex and flexible
knowledge, skills and abilities that meet the requirements of the 21st century;

3. Meets the demand for STEM literacy needed to solve technological and environmental
problems.

The purpose of this program is to improve subject competencies and update the educational work
of teachers of the natural science cycle in the field of STEM education.

The practical significance of the program is aimed at orienting science teachers in the STEM
field. Learning outcomes have a positive impact on teachers: they acquire the ability to effectively
plan daily activities, deepen their knowledge of ICT, and increase students' interest in lessons. Their
research skills are improved and respectful relationships with students are strengthened.

Expected results:

1. apply theory and practice in the educational process of STEM learning;

2. explore interdisciplinary integration, methods of experimental knowledge, design, modeling,
robotics;

3. demonstrate skills in constructing STEM learning lessons in PBL design.

Understanding the need for continuous improvement of pedagogical skills and their impact on
the educational process, a course for teachers of the natural science cycle was held on the basis of the
Karaganda "Orleu”. This course focused on teaching robotics and STEM education techniques,
providing students with a unique opportunity to deepen their knowledge of modern educational
technologies and master their practical application. At this course, students had a unique opportunity
to immerse themselves in the world of modern educational technologies and learn how to apply them
in practice.

To provide teachers not only with theoretical knowledge, but also with practical skills, the course
was built in such a way that teachers could introduce innovative approaches to the educational
process. They have mastered the 5E methods, problem-based learning, interdisciplinary integration,
and the use of robotics as a tool to develop critical thinking and engineering skills in students. One
of the key methods that received special attention was problem-based learning (PBL). This method
actively involves students in the process of finding and solving problem situations. Instead of simply
transferring knowledge, educators create an environment in which learners are confronted with real
or imagined problems that require independent or team solutions.

The structure of interaction between students in a lesson using PBL consists of four stages:

Stage 1 - students study the context and get acquainted with the problem.

Stage 2 - development of understanding of the problem, learning new information and
developing problem-solving skills.

Stage 3 - problem solving.

Stage 4 — communication.

At the first stage, a group of students is created, as practice has shown that groups of 4-5 students
work more effectively. They discuss the problem in the group of understanding the situation [6].

At the stage of developing an understanding of the problem, learning new information and
developing problem-solving skills make up a list of facts extracted from the problem. At this stage,
it is recommended to start filling in the FILA table.

The FILA (Facts, Ideas, Learning Issues, Action Plan) table is an intelligent tool that is used to
develop the thinking process of students as they go through the PBL process. Learners can use this
table to list the key facts about the problem in the form of bullet points, as well as relevant ideas,
explore the problems and the necessary actions to take in relation to these facts, as presented in Table
2.

At the problem-solving stage, students generate ideas that would help them understand the
problem or solve the problem. They can organize their ideas and previous knowledge related to the
problem and try to outline the nature of the problem. Questions are written down in the order in which
they arise during the discussion. The work is divided among the members of the group. Some research
problems may require the whole group to be involved, while others require participants to conduct
research in different areas, on different topics. Students then begin to search for information and learn
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the necessary facts about the learning problem, either individually or as a group. After that, the
collected information is summarized [7].

Table 2. The FILA Method

F

L

A

Facts

Ideas

Learning of the problem
(questions)

Action plan

Facts specified in the
problem (e.g., time, size,
place, address, diagnosis,
formula, animal, model,
device, price, currency,
etc.)

Ideas are formulated on the
basis of facts and can be put
forward in the form of
hypotheses. All the ideas of
the group are written down

without discussion. Ideas can

be subject to change and
revision

Questions that arise from
ideas. The questions should
form the basis of the action
plan and be consistent with
the program's learning
objectives. Issues can be
reconsidered

It is created on the basis
of questions on the
study of the problem.
An action plan helps to
solve the problem. The
actions of the plan
sound like verbs

Source: developed by the author.

At the last stage, students reflect on the work done independently, analyze the functioning of the
group, the process of solving the problem, the knowledge gained and the contribution of the assistant

to its solution.

The assessment process in PBL covers many aspects and aims to comprehensively measure
students' achievements, including their knowledge, skills, and competencies. The use of a variety of
assessment methods and tools allows you to more accurately reflect the individual success of students
and contributes to their further development. Clearly organized forms of assessment ensure
transparency and objectivity, making the process understandable and useful for all participants in the
educational process. For example, the following table 3 has been developed for the evaluation of
reports and subsequent self-analysis on issues related to the assessment of student success in PBL.

Table 3. Report Assessment Form

Assessm | Assessment Descriptors, points
ent criteria 5 4 3 2 1
Subijects
Report The solution | a complete and | The solution to | The solution to | Most aspects | Problem Not
Grading | tothe accurate solution | the problem is | the problem is | of the | Solved or
Forms problem is to the problem, | mostly correct, | partially problem are | Solution
right all aspects are | minor flaws correct, there | not resolved, | Incorrect,
taken into are significant | there are | Serious Errors
account errors many errors
The problem | All aspects of the | The problem is | The problem | only certain | The problem is
is considered | problem have | considered as a | was partially | aspects  of | practically not
in full been considered, | whole, but some | considered, the problem | considered,
nothing has been | details are | important are there is no
missed omitted aspects  were | considered, | understanding
left out of | mostofthem | of the task
attention are not taken
into account
Various many different | A few reliable | limited sources | sources are | there are no
sources used | and reliable | sources have | are used, some | few and they | sources or they
sources have | been used, but | of which are | are not | are irrelevant,
been wused, all | not all are | insignificant diverse, there is no
relevant relevant many  are | justification at
irrelevant all
The reportis | The report is | The structure of | The structure of | The report is | there is no
logically clearly the report is | the report is | poorly structure of the
structured structured, all | good, but there | generally clear, | structured, report,
parts are logically | are minor | but there are | the parts are | complete
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connected and | inconsistencies significant not logically | disorganizatio
combined in the logic logical gaps connected n of
information
Terminology | all terms are used | mostly  correct | partially correct | most of the | terms are used
used correctly and | use of terms, | use of terms, | terms  are | completely
correctly appropriately minor errors errors occur misused or | incorrectly or
inappropriat | not at all
e

Source: developed by the author.

Assessment in PBL is a multifaceted process that involves the use of a variety of methods and
tools to build a complete picture of student achievement. Evaluation of reports, self-assessment,
mutual evaluation, as well as evaluation of presentations and teamwork allow not only to assess the
knowledge and skills of students, but also their personal development, ability to work independently
and effectively interact in a team. This approach guarantees the objectivity and comprehensiveness
of assessment within the framework of problem-based learning.

The assessment process is closely related to teamwork, which plays a key role in solving real
problems. Working in teams helps students to see the connection between the learning process and
life, developing coping and cooperation skills. These methods are especially relevant when discussing
and implementing STEM lessons, where teachers not only consider theory, but also actively integrate
robotics into school curricula. Thanks to this approach, the course participants were able to exchange
experiences and best practices, receiving the necessary tools to create more interesting and useful
lessons that will help prepare students for a successful career in scientific and technical fields.

Problem-based learning within STEM significantly expanded their understanding of the role of
the teacher as a facilitator capable of guiding students in independent research and problem solving.
This approach not only increases student engagement, but also fosters their ability to think critically,
adapt to new situations, and find innovative solutions. These skills are especially important in today's
world, where technological change is happening rapidly. Reflection also showed that the use of
problem-based learning requires teachers to constantly develop professionally and be ready to
introduce new methods, which ultimately enriches the educational process and prepares students for
a successful career in high-tech fields.

Upon completion of the course, the teachers expressed confidence that the knowledge and skills
gained will help them effectively implement STEM education and robotics in their schools, which,
in turn, will improve the quality of education and prepare students for the challenges of the future.
Particular attention was paid to the integration of various disciplines, which contributes to the
development of students' critical thinking and problem-solving skills. The course was focused on the
practical application of knowledge, including experimentation, design and modeling, which allowed
teachers not only to study the theory, but also to immediately apply new approaches in their work.

However, despite the obvious advantages of the course, the students also noted some
disadvantages:

1. for the successful implementation of STEM education, additional material resources are
required, including specialized equipment and software, which can become a financial burden for
educational institutions;

2. STEM approaches require a revision of established teaching methods and changes in
curricula, which can cause difficulties for teachers, especially those who are used to working
according to traditional schemes;

3. STEM education involves constant updating of knowledge and skills, which requires teachers
to regularly take advanced training courses and self-education;

4. not all teachers have sufficient training to effectively master and apply STEM methods,
which can lead to heterogeneity in the implementation of these approaches in different schools.

Nevertheless, despite these shortcomings, the course participants noted its importance and
necessity for improving the quality of education. They expressed confidence that the knowledge

57



Opney. Yagikcis 6inim »xapubicbl — Oprniey. Bectn HenpepbiBHOro obpasoBaHus. Ne3(46)/2024

gained will help them to more effectively prepare students for the requirements of the modern world,
despite the challenges they faced during their studies.

Conclusion. In order for this knowledge and skills to lead to maximum results, educational
reforms are needed to help bring STEM education in Kazakhstan in line with international standards.
Cooperation between schools, universities and industry representatives is becoming a key factor in
the creation of relevant and practical STEM programs. Through partnerships with technology
companies and research institutes, Kazakhstani schools can provide students with practical
experience and acquaintance with the latest technological achievements, which will allow them to be
competitive in the future.

STEM education in Kazakhstan is at a crossroads, significant progress has been made in recent
years, but there are also significant challenges that need to be addressed. By focusing on innovative
teaching methods, addressing gender and socioeconomic barriers, and aligning education with future
technological trends, Kazakhstan can create a solid STEM education system that prepares its students
for the demands of a rapidly evolving world [8]. The future of a country’'s economy depends on its
ability to nurture the next generation of scientists, engineers, and innovators who can contribute to
sustainable development and economic growth.
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KA3AKCTAHIA STEM-BIJIIM BEPY Il JAMBITY JIbIH TPAKTUKAJIBIK
ACIIEKTIJIEPI

Anoamna

Maxkaraga Ka3akcTaHHBIH SKOHOMHUKANBIK JaMybl JKaFdalblHOA KaapiapAsl maspiay yuriH STEM-6imimMHIH
MaHBI3IBUIBIFBI KOPCeTiNreH. MaKaaHbIH HeTi3ri Maceneci — jkaHa TeXHOJOTHsIapas! OinimM Oepy OarmapiamanapbiHa
EHTI3YAIH KaXeTTUITiH Heri3aey, ce6ebi Oy JKpUIaaM e3repil >KaTKaH oJeMAe OUTIKTI MaMaHAapsl Jaspiay YIIiH
MaHpI3/bL. 3epTTeyaiH Makcatsl — STEM-0inim Oepy/i eHrizyniH jkaHa 9JiCTepiH CUMAaTTall, TaObICTBI TOXKipudeaepIi
aHBIKTAY.

3epTrey omictepi OuniM Oepy OarmapiiamMalapbIHBIH Ka3ipri karmaibiH tangay, STEM omicTepiH CoTTi €Hri3ydiH
MBICAJIIAPbIH 3€PTTEY JKOHE MyFaliMIepre apHaJIfaH OUTIKTUIIKTI apTThIpy KypcTapblH OTKI3yAl KaMTHIbL. Makanana
OKYHIBIIAp/bIH OKY MPOLIECiHE TEPEHIPEK KaThICYbl MEH CHIHU OWJIAaybIH JIAaMbBITyFa BIKIAJ €TETIH ITPOOIeMalIbIK OKBITY
(PBL) axicrepi cunarrairaH.

3eprrey HoTmxkenepi STEM-ni Oinim Oepy OarnapiaManapblHa €HTi3y/ e KoHEe HHHOBAIMSIIBIK 9JicTepAl TaOBICTHI
KOJNTaHyla alTapibIKTall Kagamaap jKacalFaHbIHAa KapaMacTaH, pecypcTrapra OipKeNlKi KOJDKETIMCI3MIK TMeH OUTIKTI
MaMaHIapIbIH KETiCIEeYIIIITr CHAKTEI Macenelnep 0ap ekeHiH kepceteni. Anaiina « STEM OGapIibIFs! YITiH» CHSKTHI COTTI
6acramanap STEM-0inim GepyiH KODKETIMIUTIT MEH carmackblHa OH 9CEPIiH TUT131I OTBIPFaHBIH KOPCETE .

Kopsiteinapiapaa STEM-6imimai THIMII €Hri3y YIIiH MHHOBAIUSUIBIK OKBITY 9/IICTEpiHE Ha3ap ayaapy, FeHAEPIiK
JKOHE 9JICYMETTIK-9KOHOMHKAJIBIK KeIEPTiIep i kKO0 yKoHe O11iM Oepy i 6osaliaK TeXHOJIOTHSUIBIK TPEHATEpre OeiMaey
Kaxertiri aran erinexni. Ocpunaiiiia, Kazakctan STEM-0iniM Oepy >kyHeciH KYpbIl, OKYIIBLIAP/Ibl KapPKbIHABI JaMBbIIl
)KaTKaH oJIEMHIH TananrtapeiHa Oedimuei amansl. En SKOHOMUKAchIHBIH Oojaliarbl KaHa OYbIH FalbIMIap.bl,
WHKEHepJIep MEeH JKaHalIbUIAAp bl TopOueney KabineTine OailylaHbICTBI, 0Jap TYPAKTHI JaMy MEH 9KOHOMHKAJIBIK 6ciMre
BIKIIAJI €TEeTiH OOJIaIbl.

Tyuinoi cesdep: STEM-OiniMm Oepy, MoHApaNblK WHTETpAINsl, HWHXCHEPIIK MW3aifH, OKy OarjgapiaMachl,
TEXHOJIOTHsIIap, MPOOJIEMabIK OKBITY, 3€PTTEY.

Tametosa C. C.!, *Cr3aeixkoBa A. 1.2
1,2 @AO «HLIIK «Bpney» BA¥O» HIIP no Kapazanounckoii obnacmu
1,2 Kazaxcman, Kapaeanoa

MNPAKTUYECKHUE ACIHHEKTBI PABBUTUSA STEM-OBPA30BAHUS B KASAXCTAHE

Annomayus

B cratre mokazana Baxkaocts STEM-00pazoBaHus TSI TOATOTOBKH KAAPOB B YCIOBUSAX SKOHOMIYECKOTO Pa3BUTHS
Kazaxcrana. OcHOBHas mpo0OjieMa CTaThd IMPEACTABICHA OOOCHOBAHHEM HEOOXOMUMOCTH HWHTEIPAIlMM HOBBIX
TEXHOJIOTHUH B 06pa3013aTem)HHe IIporpaMMmsbl, IIOCKOJIBKY OTO BaXHO [JIA IIOJATOTOBKHU KBaHI/Iq)I/IHI/IpOBaHHBIX
CHELMaCTOB B OBICTPO MeHsomeMcst mupe. Llenp nccnenoBanus — onucath HOBble MeToAbl BHenapenus STEM-
00pa3zoBaHus U ONPENEIUTh YCIEIIHbIE TPAKTHUKH.

Mertonpl UWCCIEIOBaHMS BKIIOYAIOT aHAIW3 TEKyMIMX 00pa3oBaTeNIbHBIX NpOrpaMM, H3y4eHHE IPUMEPOB
ycnemiHoro BHeApeHuss STEM-MeToquk u mpoBeJeHne KypcoB IOBBINICHUS KBalu(uKamy s yunTtened. B crartpe
omnucaHel MeToAsl TpobiemMHoro oOydennsi (PBL), koTopbeie crmocoOCTBYrOT Ooisiee TIIyOOKOMY BOBJICUCHHIO
o0yJaronmxcs ¥ pa3BUTHIO X KPUTHIECKOTO MBIIILICHHS.

PesympraTel mWccenoBaHUS TOKAa3bIBAIOT, YTO, HECMOTPS Ha 3HAYMTENbHBIC mard B uHTerpammu STEM B
oOpa3oBaTebHBIC TPOrPaMMEI U yCIICIITHEIE PUMEPHI TPUMEHEHUS HHHOBAIIMOHHBIX METOAOB, CYIIECTBYIOT IIPOOIIEMBI,
TaKkhe KaKk HepaBHOMEPHBIH JOCTYI K pecypcaM M HeXBaTKa KBATH(UIIMPOBAHHBIX ClielUaincToB. OIHAKO yCIEIIHBIC
WHUIMATUBHI, TaKue Kak nporpammsl «STEM s Bcex», IeMOHCTPUPYIOT MOJIOKUTEIHHOE BIMSHUE HA JOCTYITHOCTD U
kauectBo STEM-00pa3oBanusi.

B BrIBogax momguepkuBaercs, uto il dddexruBHOro BHeApeHus STEM-o0pazoBanus HEOOXOAMMO OOpamaTh
BHUMAHUC Ha MHHOBAILIMOHHBIC MECTO/bI 06yqum{, YCTpaHATb I'CHACPHBIC U COUHUAIBHO-OKOHOMUYCCKUE IPErpaabl U
aJanTUpoBaTh 00pa30BaHUE K OYIyIIMM TEXHOJOTHUECKHUM TpeHaam. Takum oOpa3om, KazaxcTan cmoxeT co3maTh
cucremy STEM-o0pa3zoBanusi, KOTOpasi MOATOTOBUT y4YalMXcs K TpeOOBaHUsIM OBICTPO pa3BHBAIOIIEIOCS MHPA.
Bynyniee SKOHOMHMKHM CTpaHbl 3aBHCHUT OT CIOCOOHOCTH BOCIIMTHIBATH HOBOE IIOKOJICHHWE YYEHBIX, MHXEHEpOB M
HOBaTOPOB, KOTOPBIE OYAYT CIIOCOOCTBOBATH YCTOHYMBOMY Pa3BUTHIO M IKOHOMHUYECKOMY POCTY.

Kniouegvie cnosea: STEM-o0pa3oBaHue, MEXIMCLMIUIMHAPHAS HMHTETPALMs, WHXXEHEPHBIM IM3aiiH, ydeOHas
IporpamMMa, TEXHOJIOTHUH, TPOOIIEMHOE 00yIeHHUE, UCCIICIOBAHHE.
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