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This article focuses on developing research skills in primary school students amid the digital transfor-
mation of education. The objective is to evaluate the effectiveness of STEM (Science, Technology,
Engineering, and Mathematics) technologies as a tool for developing research competence. The theoretical
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framework is based on an analysis of domestic and international publications on inquiry-based learning and
STEM education, identifying key conditions for successful implementation: pedagogical support, integration
of engineering design, advanced teacher training, and use of digital resources. The empirical component is a
pedagogical experiment involving 62 students in grades 3-4, divided into control and experimental groups.
Data collection included observation, questionnaires, analysis of activity products, and STEM tasks (robotics,
digital labs, project-based activities). The results showed a steady increase in research skills among the
experimental group across all criteria (asking questions, formulating hypotheses, planning an experiment,
analyzing results, presenting), with the most pronounced improvement in hypothesis generation (+33%) and
data analysis (+34%). Comparative analysis confirmed the advantages of STEM assignments over traditional
learning. The practical significance lies in the integrated model for developing research skills, suitable for
teachers and methodologists when organizing the educational process and designing supplementary
programs.

Keywords: STEM technologies, pedagogical support, integration of engineering design, advanced
training, digital resources, robotics, digital laboratories, project activities.

BACTAYbILU CbIHbIM OKYLWbITAPbIHbIH STEM TEXHONOIMMANAPbLIH KOJNOAHY
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byn makana 6inim 6epydiH yugpribik mpaHcgopmayusicsl xardalibiHOa bacmaybi CbiHbIM OKyWbINa-
pbIHbIH 3epmmey dardblnapbiH 0aMbimyra barbimmarnraH. Makcamel — 3epmmey Ky3bipemmirieiH dambimy
Kypanbl pemiHde STEM (fbiibiM, MexHOMo2us, UHXEHepUsl XeHe MameMamuka) mexHOonoausinapblHbiH
muimdinieiH 6aranay. TeopusinbiK Heai3 cypaHbicKa HezaizdenzeH okbimy xoeHe STEM 6inim 6epy 6olbiHwWa
omaHObIK XoHe xarbiKkaparsblK 6acbklnbiMOapOsbl mandayra HezizdenzeH, mabbicmbi icke achbipyObiH Heaisai
wapmmapbiH aHbiIKmalobl: nedazoauKarnsik Konday, UHXeHepsik dusaliHObl uHmezpauyusnay, Myranimoep-
OiH 6inikminiziH apmmbIpy XoHe yugprnbiKk pecypcmapdbl natidanaHy. OMAUpUKanbiK KOMIOHeHmM — baKbi-
niay xeHe aKkcriepumeHmmik monmapra besniHeeH 3-4 cbiHbinmMapobiH 62 OKyWbICbIH KaMmMumbIH nedazoau-
KanbiKk akcriepumeHm. [epekmepdi xuHay bakbinayObl, cayanHamaHbl, 6erceHdinik eHiMAepiH mandayobi
xeHe STEM maricbipmanapbiH (pobomomexHuka, UugprbiKk 3epmxaHanap, xobara Heziz0enzeH apekem-
mep) kammudbi. Heamuxernep 6aprnbiK Kpumepulnep bolbiHWa (Cypakmap KO, euriomesa Kypacmbipy,
aKcriepuMeHmmi xocnapray, Homuxenepoi manday, YCbiHy) aKcriepumeHmarsnldbl morn apacbiHOa 3epmmey
OardblnapbiHbIH mypakmbl ecyiH kepcemmi, 6y auiome3aHbi Kypyoa (+33%) xxeHe depekmepdi mandayda
(+34%) atimapnbikmat xakcapdbi. Canbicmbipmarbl manday STEM marncsipmanapbiHbiH 0acmypiii OKbImy-
OaH apmbiKWbInblfblH pacmadsl. [pakmukarnblK MaHbI30blbifbl OKY MPOUECIH yUbiMOacmabipy XoHe KOChbIM-
wa bardapnamarnapdel xobanay ke3iHOe myranimoep meH adickeprepae Konausnel 3epmmey dardblnapbiH
OambimyObiH UHMezpayusnaHFaH ModesniHOe xamabip.

TyiiiHdi ce3dep: STEM mexHonoausinapbl, neda2oa2ukansiK Konoday, UHXeHepnik dusaliH uHmezpa-
uusicbl, G6inikminikmi apmmeipy, UugprbiK pecypcmap, pobomomexHuka, Uugpribik 3epmxaHanap, xoba-
JbIK ic-wapanap.

PA3BUTUE UCCIIEAOBATENIbCKUX HABbIKOB Y YYALLUXCA I-!A'~IAJ'IbHOI7I LUKONbI
C UCMNOJIb3OBAHUEM STEM-TEXHOJIOI'MH
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JaHHasi cmambsi rocesuweHa pas3sumuro Uccriedo8amesisCKUX HaeblKo8 y ydaujuxcsi HadalbHoU
WKOSbI 8 yC1o8uUsiX yughposol mpaHcghopmayuu obpasosaHus. Llenb uccrnedogaHusi 3aKo4aemcsi 8 OUeH-
ke agpgpekmusHocmu STEM-mexHonoauli (Science, Technology, Engineering, Mathematics) kak uHcmpy-
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MeHma ¢hopmuposaHusi uccredosamernibCkol KomrnemeHmHocmu obydarowuxcs. Teopemuyeckasi b6asa
OCHOBaHa Ha aHasnu3e ome4YecmeeHHbIX U 3apybexHbix mybnukayul no uccinedosamernnsCKoMy 0by4YeHUro U
STEM-o06pa3osaHuto, 8 KOmopoMm oripederieHbl Ki4yesbie ycro8us ycrniewHol peanuszayuu: nedazoau-
yeckasi no0depKa, UHmMeepayusi UHXeHepHO20 MPOeKmMupo8aHUs, rnosbieHue Keanugukayuu yqumenet u
ucronb3oeaHue Uugposbix pecypcos. dMnupudeckuli KoMrnoHeHm npedcmasrnsem cobol nedazoauveckuli
aKkcriepuMmeHm ¢ ydacmuem 62 ydauuxcs 3-4 knaccos, pa30ernieHHbIX Ha KOHMPOSbHYH U 3KCriepumMeHmarib-
Hyto epynrbl. C60p OaHHbIX KroYan HabmodeHue, aHKemupoeaHue, aHanu3 pesynbmamos desimesibHO-
cmu u ebirnonHeHue STEM-3adaHuli (pobomomexHuka, yughpossie nabopamopuu, rnpoekmHas oessmerib-
Hocmb). Pesynbmamsl rokasanu ycmol4qusbili pocm uccie0o8amesibCKUX HasbiKo8 y4Yaujuxcsl aKcrepu-
MeHmasnbHOU epynnbi Mo 8CeM KpumepusiM (mocmaHoska 80rpocos, (hopMyIuposaHuUe 2urnomes, rniaHupo-
8aHUe aKcriepuMeHma, aHanu3 pesynbmamos, fnpe3eHmauus), ¢ Haubornee 8bIPaXeHHbIM yilyyuweHUeM 8
eeHepayusx euriomes (+33%) u aHanuse OaHHbIX (+34%). CpasHumernbHbIU aHanu3 nodmeepousn rnpeumy-
wecmea STEM-3adaHuli neped mpaduyuoHHbIM 0byyeHueM. [pakmuyeckass 3Ha4UMOCMb 3aK/o4yaemcsi 8
KomriiekcHoU modernu pa3eumusi uccredosamernibCKUX HasbIKos, npu2odHol O51d ucronb3o8aHus npenoda-
samensamu U mMemoducmamu rpu ope2aHusayuu obpaszosamesibHO20 rnpouyecca u paspabomke AOMNOAHU-
mersibHbIX rpo2pamm.

Knro4deeblie cnoega: STEM-mexHonozuu, nedazoaudeckoe ConposoxoeHUe, UHmMezpayust UHXeHep-
Hoeo dusaliHa, rnosbiweHUe Keanugukayuu, yugposbie pecypchl, pobomomexHuka, yugpossie nabopamo-
puu, npoekmHasi desimesibHOCMkb.

Introduction. In contemporary didactics, research skills are viewed as a system of interrelated
abilities: asking questions and problematizing; formulating hypotheses; planning and carrying out experi-
ments (including identifying and controlling variables, taking measurements, and ensuring safety); recording
and analysing data; interpreting results and substantiating conclusions; as well as arguing for and presenting
findings in oral and written form. A meta-analysis of experimental and quasi-experimental studies on inquiry-
based learning indicates that its effectiveness rises markedly when learners receive explicit pedagogical
support (guidance) for cognitively demanding actions — from question generation through to data interpreta-
tion [1]. Empirical work on discursive practices in primary school shows that advances in children’s scientific
reasoning are linked to instruction in strategic questioning, collaborative hypothesis formulation, and joint
argumentation grounded in observational and measurement data [2]. The “Science Skills” framework
specifies operational descriptors of experimental skills (such as hypothesis generation, experimental design,
work with evidence, and critical evaluation), thereby offering observable indicators for diagnosis and goal-
setting in primary education [3]. These results align with studies on the integration of inquiry approaches into
STEM subjects, which underline the importance of explicit process criteria and formative assessment for
achieving stable improvements in skills [4].

In primary school settings, the most pronounced positive effects are associated with integrative STEM
models that place engineering design at the centre as a framework for scientific activity (from problem formu-
lation — setting criteria and constraints — creating prototypes — testing — revising), thereby facilitating the
transfer of inquiry skills. Both local and large-scale evaluations of the Engineering is Elementary programme
show significant improvements in subject knowledge and in pupils’ understanding of engineering practices
when learners consistently work through the stages of the design cycle [5; 6]. Classroom interventions in
Grade 4 using an integrative STEM unit on simple machines reveal more positive attitudes towards science
and higher involvement in inquiry tasks, while remaining compatible with the standard school schedule [7].

At the level of teachers, the format of professional development plays a decisive role: a systematic
review of STEM-focused PD in K-12 indicates that design-based, practice-oriented and reflective program-
mes lead to substantial gains in teachers’ self-efficacy (on average g=0.64) and in the quality of their organi-
sation of inquiry-based learning in the classroom [8]. Computational thinking is increasingly incorporated as a
“digital scaffold” for STEM inquiry; systematic reviews show that, when implemented with age-appropriate
tools (visual programming environments, educational robotics, unplugged activities), primary school pupils
successfully acquire basic CT concepts and enhance their problem-solving and communication skills [9].

Recent interventions at the primary school level indicate a rise in pupils’ involvement in research-
oriented practices within scientific inquiry and engineering design — from more active engagement in posing
questions and formulating hypotheses to participation in testing procedures and data-based argumentation.
These trends are corroborated both by recent field studies on the influence of inquiry on academic
engagement among young learners [10] and by documented cases of engineering-focused modules [6; 7]. In
the national and regional context (Kazakhstan), an expanding body of literature on the implementation of
STEM and robotics in primary education demonstrates the practicality of integrating robotics modules and
STEM components into the curriculum, outlines organisational models, and reports positive effects on the
development of research skills and motivation [11].

At the same time, works devoted specifically to the formation of research skills in primary school
describe effective formats of extracurricular and elective courses, as well as project-based activities, which
are closely aligned with the inquiry-oriented structure of the lesson [12]. Overall, international and local
evidence converges on the conclusion that clearly structured support for the inquiry process, the use of

179



NEQATOIMMKA fblJ1IbIMOAPDI NEOATOrMYECKME HAYKU

engineering design as an integrating framework for scientific practices, thoughtfully designed teacher
professional development, and digital tools (including robotics and computational thinking) are key drivers of
research skill development in primary school.

In Kazakhstan, an increasingly diverse body of research confirms that the STEM approach is effective
for fostering research skills in primary-school pupils. These studies report a marked growth in cognitive and
analytical competences when STEM modules are systematically integrated into both lessons and extracurri-
cular formats. At the same time, national researchers emphasise the importance of considering the particu-
larities of the local educational environment: from gaps in teacher preparation and limited material resources
to the impact of cultural and gender stereotypes on attitudes towards STEM subjects [13-15].

The digital transformation of education places new demands on schools: it is important not only to
impart basic knowledge, but also to purposefully develop children's skills needed in a rapidly changing world.
One of the priorities is the development of research competencies in primary school students, since they lay
the foundations for critical thinking, independent information search, and readiness for non-standard tasks.

In the logic of the STEM approach (Science, Technology, Engineering, Mathematics), research activi-
ties acquire an applied focus: children master elements of the scientific method through experiments, project
work, robotics, and classes in digital laboratories. This format combines theory with practice and makes
learning meaningful and active.

With the growing interest in STEM education, most studies focus on middle and high school, while
primary school has been studied fragmentarily. Often, attention is paid either to subject results or to the
development of ICT competencies, while holistic models for developing research skills in primary school
students based on STEM tasks are rarely described. The practical aspect of early implementation of STEM
has not been sufficiently developed: its impact on motivation, independence and interdisciplinary integration
is covered sporadically.

The aim of the study is to evaluate the effectiveness of using STEM technologies in developing
research skills in primary school students. To achieve this, the following tasks were set:

— to clarify the content and structure of research skills at the primary school level;

— to analyze modern approaches to STEM education and summarize domestic and foreign
experience;

— to conduct a pedagogical experiment with the inclusion of STEM assignments and project activities
in the educational process;

— to track the dynamics of research skills development and compare the indicators of the control and
experimental groups.

The novelty of the study consists in the proposal and experimental verification of an integrated model
for the formation of research competencies of primary school students based on STEM technologies,
combining theoretical justification and practical validation.

The practical value of the work is that the developed methodological solutions and materials can be
used by primary school teachers, methodologists and program authors when designing a learning
environment that develops research activity and critical thinking in primary school students.

Thus, the study closes a gap in the literature: it provides a holistic view of the use of the STEM
approach specifically in elementary school and empirically confirms its effectiveness in developing basic
research skills.

Material and methods. The study was conducted on a sample of elementary school students in
grades 3-4 (ages 9-10) from KSU IT School-Lyceum No. 28 named after Kulzhabay Kasymov and KSU Se-
condary School-Gymnasium No. 14 (Taldykorgan, Kazakhstan). Participants were divided into two groups:
the experimental group used STEM technologies, while the control group studied in a traditional format.

Table 1 — Composition of the sample of students

Group Number of Age Grade Characteristics
Students
Control group 30 9-10 34 Teaching according to the traditional program
Experimental group 32 9-10 34 Implementation of STEM tasks and projects
Total 62 9-10 34 Division based on the equivalence principle

The study utilized a combination of methods for a comprehensive analysis of the dynamics of research
skill development:

- A pedagogical experiment — testing the impact of a STEM approach on the development of
research skills.

- Observation — recording students' behavior and activity while completing assignments.

- Questionnaires — identifying students' attitudes toward research activities and STEM assignments.

- Analysis of student work products — evaluating the quality of completed projects, experiments, and
presentations.

180



NEQATOIMMKA fblJ1IbIMOAPDI

NEOATOrMYECKME HAYKU

Table 2 — Research methods and tools

Method Purpose Tools Used Expected Outcome
Pedagogical To test the effectiveness of | STEM tasks, projects Growth dynamics of
Experiment the STEM approach research skills
Observation To record students’ activity | Observation logs, | Qualitative data on research

and participation checklists activity

Questionnaire

To determine students’ attitu-
des toward research

Questionnaires, survey

forms

Subjective assessment of
interest and motivation

Analysis
Work Products

of

To evaluate the results of
research work

Projects,
presentations

samples,

Quality criteria and level of
development

The experiment utilized a variety of STEM tools to engage students in research:
- Robotics — designing and programming simple models.
- Digital labs — working with sensors and computerized measurement systems to conduct experi-

- Project-based activities — completing interdisciplinary projects (scientific, engineering, environmental).
- Online platforms — using educational digital resources to search for information and present results.

Robotics

STEM
Technologies

A 4
Digital Labs \

E=5—

{Project—Based Activiu'e%

[ Online Platforms ]

Figure 1 — Scheme of applied STEM technologies

The applied methodology provided a comprehensive study of the dynamics of research skill
development in primary school students. A clearly defined sample enhanced the reliability of the results. The
combination of methods — a pedagogical experiment, observation, questionnaires, and analysis of the results
— provided both quantitative and qualitative data. The inclusion of STEM technologies (robotics, digital labs,
project-based activities, and online platforms) integrated theory and practice, increased student engagement,
and facilitated the development of key research competencies. The experiment's methodological framework
proved its effectiveness and provided the conditions for an objective analysis of the impact of the STEM

approach.

Results and Discussion. Effective STEM integration in primary school is based on practical tasks
and research-oriented projects that help children pose questions, test hypotheses, and interpret the results.
It is essential that these tasks are directed toward solving real-life problems, as this fosters an understanding
of the practical significance of scientific knowledge. Samples of such tasks and projects are given in Table 3.

Table 3 — Sample instructional tasks and project examples

Task Type

Purpose

Research Skills Developed

growth under
tions)

Mini-experiment (observing plant
different condi-

To understand the effect of factors
such as light,
growth of living organisms

water, and soil on the

Formulating a hypothesis,
controlling variables, recording
results

Engineering

task (building a
bridge from paper or sticks)

To test the strength of structures and
determine the optimal shape

Planning an experiment,
strength testing, data analysis

System)

Interdisciplinary  project
structing a model of the Solar

(con-

To integrate knowledge from astro-
nomy, mathematics, and art

Information gathering and ana-
lysis, modeling, presenting
results

Robotics (programming a simple
robot to perform a specific task)

To develop algorithmic thinking and
technical construction skills

Problem formulation, solution
search, testing and refinement

heat best)

Everyday-life investigation (de-
termining which material retains

To compare

different materials

the effectiveness of

Experiment planning, data pro-
cessing, justifying conclusions
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As Illustrated in Table 3, incorporating a variety of task formats (mini-experiments, engineering
challenges, interdisciplinary projects, robotics activities, and investigations of everyday phenomena) helps
younger learners acquire a wide spectrum of research skills — from formulating hypotheses and managing
variables to interpreting data and drawing well-founded conclusions. Such activities combine knowledge from
different subjects, are grounded in real-life contexts, sustain student engagement, and at the same time
foster cross-curricular competencies, including critical and algorithmic thinking, teamwork, and commu-
nication skills.

Within the STEM framework, the teacher acts mainly as a facilitator rather than as a transmitter of
ready-made knowledge. Their key roles include:

- Consultation — helping students formulate questions, clarify hypotheses, and choose appropriate
research methods;

- Organization — designing the structure of tasks, distributing roles within groups, and providing the
necessary materials and equipment;

- Support — fostering a motivating atmosphere, promoting cooperation, assisting in overcoming
difficulties, and nurturing students’ reflective abilities.

In this way, the teacher shapes a learning environment where students take on the role of
investigators instead of passive learners. The diagram “Teacher as Facilitator” (highlighting the functions of
consulting, organizing, and supporting) is presented in Figure 2.

THE ROLE OF TEACHER

IN ORGANISING
ACTION RESEARCH

=

TEACHER- |
FACILITATOR

/ ! N
CGive -advice) ( Organise ) ( ;’]’g;fﬁ )

Figure 2 — Teacher’s roles in organizing students’ research activities

The figure illustrates that within the STEM approach the teacher functions as a facilitator: they guide
learners through consultation (supporting them in posing questions and formulating hypotheses), organize
the learning process (designing tasks, distributing roles, supplying resources), and offer support (building a
motivating atmosphere, encouraging cooperation, fostering reflection), thereby making learning active and
inquiry-based.

Research activities in STEM follow the traditional sequence of scientific inquiry, modified to suit the
primary school level (see Figure 3).

Problem Statement

*Defining a question or task that is meaningful to children and resonates with their life experiences
Hypothesis Formulation

sFormulating the assumptions to be tested
Experiment/Practical Work

+Conducting an experiment, observation, or engineering design using STEM tools
Analysis of Results

«Comparing the obtained data with the initial hypotheses, discussing patterns and errors
Conclusions and Presentation

*Summarizing the experiment, presenting the results orally, on a poster, or digitally

Figure 3 — Phases of a research project

Figure 3 presents the main stages of student research in the STEM context: starting with identifying
the problem and formulating a hypothesis, followed by conducting experiments, analyzing the obtained data,
and presenting the results. Such a sequence ensures the logical organization of the process, contributes to
the development of scientific thinking, and supports independent inquiry in a clear and accessible form.

The pedagogical experiment showed that primary school students’ research skills improved. Positive
dynamics were noted for all criteria: from posing questions and proposing hypotheses to planning, analyzing,
and presenting results. The most pronounced progress was in formulating hypotheses and interpreting
findings, which confirms the effectiveness of experimental, project-based STEM tasks.
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Table 4 — Dynamics of research skill levels

Criterion Baseline level (%) Final level (%) Growth (%)
Asking questions 42 71 +29
Formulating hypotheses 35 68 +33
Experiment planning 38 66 +28
Analyzing results 40 74 +34
Presenting 44 70 +26

As seen in Table 4, primary school students showed steady improvement on all indicators of research
skills: posing questions (+29%), formulating hypotheses (+33%), planning experiments (+28%), analyzing
results (+34%), and presenting findings (+26%). The most significant progress was in hypothesis generation
and data analysis, which supports the effectiveness of the STEM approach in fostering core components of
scientific thinking and students’ research autonomy.
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Figure 4 — Changes in students’ research skills by criteria

As illustrated in Figure 4, there is a marked improvement in research skills across all criteria — from
posing questions and formulating hypotheses to processing data and publicly presenting findings. The most
substantial gains relate to hypotheses and data analysis, reflecting the development of critical thinking and a
scientific mindset. Comparing the baseline and final results confirms that STEM-oriented tasks effectively
support the targeted formation of research competencies.

A comparison of the control and experimental groups showed that the STEM-based model of
organizing research activities is more effective. In the control group, progress in skills was less pronounced,
especially in formulating questions and interpreting results, whereas in the experimental group stable

improvement was noted across all indicators, which supports the inclusion of STEM tasks in the learning
process.

Table 5 — Comparative indicators of the control and experimental groups

Criterion Control group (%) Experimental group (%) Difference (%)
Asking questions 54 71 +17
Formulating hypotheses 50 68 +18
Experiment planning 49 66 +17
Analyzing results 52 74 +22
Presenting 55 70 +15
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Figure 5 — Levels of research skills in the control and experimental groups
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Figure 5 demonstrates that, for all criteria, the experimental group outperformed the control group in
research skills. The most noticeable gaps were in result analysis and hypothesis formulation, which confirms
the effectiveness of the STEM approach for developing key research competencies in primary school
students.

The findings align with theoretical assumptions that research skills develop more successfully when
cross-curricular tasks are used, when learning is grounded in engineering design, and when digital tools are
applied. The marked growth in the indicators “hypothesis generation” and “result analysis” shows that STEM
technologies not only support practice-oriented learning, but also foster the development of critical thinking
and autonomy in primary school students.

Comparison with the control group shows that the traditional model develops research competencies
only in a fragmented way, whereas the STEM approach ensures their comprehensive formation — from
posing questions to substantiating conclusions. These results highlight the need for systematic integration of
STEM technologies in primary school and for teacher training programs oriented toward supporting students’
research activities.

The study provides clear evidence of the effectiveness of the STEM approach in developing research
skills among primary school students. Stable progress was recorded for all criteria, with the most marked
improvements in “hypothesis generation” and “result analysis,” indicating the formation of critical thinking,
autonomy, and readiness for research activity. Comparison with the control group showed that traditional
methods contribute to the development of competencies only partially, whereas STEM technologies ensure
their comprehensive formation. Thus, the findings support the theoretical rationale for integrating STEM into
primary education and underline the practical importance of its systematic implementation to enhance the
quality of training and maintain students’ motivation to learn.

Conclusion. The results of the study showed that incorporating STEM into the primary school
curriculum effectively supports the development of research skills in younger students. The integrated model
(Figure 8) brings together the theoretical basis — the structure of research skills and the stages of their
formation — with experimental data that confirm the positive dynamics and the benefits of STEM tasks
compared to traditional approaches.

The experimental findings indicate steady improvement among students for all evaluated criteria:
posing research questions, formulating hypotheses, planning experiments, interpreting results, and
presenting outcomes. The most pronounced progress was observed in hypothesis formulation and data
analysis, which reflects the growth of critical thinking, research autonomy, and readiness to use the scientific
method in real learning situations. Comparison of the control and experimental groups showed that students
working with STEM tasks achieved higher results than those taught through traditional methods.

ERecults of the
F i Pedagogical Experiment

Practical Tazks Social Integration

Philo=ophical Amnalysiz of
Dizcussion Reznlts

Figure 6 — The integral model

The model proposed by the authors reflects a complete research cycle in primary school: practical
activities, teacher guidance, and cross-curricular links contribute to the formation of essential skills — from
posing questions and testing hypotheses to processing data and presenting findings. The visual represent-
tation highlights the importance of integrating theory and practice and illustrates the advantages of the STEM
approach as an effective way to foster critical thinking, autonomy, and learning motivation in younger
students.

The practical significance of the study is that its results can be applied by primary school teachers,
methodologists, and curriculum designers. The use of STEM tasks and projects helps create an active
learning environment in which children collaborate, strengthen critical and algorithmic thinking, develop
communication skills, and learn to solve problems independently. For teachers, the described model can be
used as a means of organizing and supporting the learning process, while for methodologists it may serve as
a basis for updating enrichment programs and teaching materials.
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Future studies should aim to broaden the age range of participants in order to identify the particular
features of research skill development in middle and high school students. It is also relevant to explore the
integration of the STEM approach with modern digital platforms, adaptive learning systems, and virtual
laboratories, which can enhance the accessibility and flexibility of research activities. In addition, the long-
term consequences of implementing STEM technologies, including their influence on academic
achievement, stable learning motivation, and students’ educational choices, require dedicated investigation.

Thus, integrating STEM into primary education is a relevant and practically important direction that
supports the comprehensive development of research competences and prepares students to continue
learning in a rapidly changing world.
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KA3AKCTAH TAPUXbI M3aHI BEOMBbIHLLA ONMUMMNUALATBbIK
OAUbIHOBIKTbI ¥AbIMOACTbIPYObIH MUKPO-LIUKNAIK MOAOETI

Katipranu H.K.* — «Tapux» 6iniv 6epy 6ardapnamacs! bolibiHwa rnedazoauka fblribiMOapbIHbIH Ma-
aucmpi, mapux neHi myranimi, nedazoa-capanuwsi, «O3am» mMamaHOaHObIPbIIFaH aknapammalK MEXHOI0-
eusinap Mmekmen-nuyet-uimepHamsl, Kocmaxal K., KasakcmaH Pecriybnukacsi.

Axmemos T. A. — nedazoeauka fbliibiMOapbiHbIH KaHOUOGambi, nedazoauka, rMcuxonoaust XoHe apHaubl
6inim 6epy KaghedpacbiHbIH KaybiMOacmbipbiriFaH rpogeccopbl, Axmem balmypcbiHynbl ambiHOarb!
KocmaHali eHipnik yHusepcumemi, Kocmanal K., KazakcmaH Pecriybnukacsi.

Capmaes PH. — «Tapux» 6inim 6epy bardaprnamacbi 6olbiHwa nedazosuka fbifibiIMOapbIHbIH Ma-
aucmpi, mapux neHi myrasimi, nedazoe-modepamop, HapbiHObl 6bananapra apHanraH BITTIM-UHHOBALINA
nuued-uHmepHamal, Kocmanal K., Kazakcma+ Pecriybnukacsil.

Makanada kasipai 6inim 6epy xyueciHOeai onumnuadanbik OalblHObIKMbIH MaHbI3bl KazakcmaH
mapuxbl MeHi asicbiHOa XaH-akmbl mandaHaldbl. Onumnuada nedazoeukackbl OapbiHObI OKyuWbliapob!
aHbiKmayOobiH, onapObiH 3epmmeyWwiniK xeHe aHanumukarsnblK KabinemmepiH dambimyObiH muiMOi Kyparbi
pemiHde Kapacmebipbinadbl. Aemopriap onummnuadarnbslK 0alibiHObIKMbIH Hezidi 60rbin mabblnambiH MUKPO-
Uukndik moacindiH MeopusinbIK XoHe npakmukarsbiK KbipnapbiH xylteneldi. KazakcmaH mapuxbi 6olbiHWa
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