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EFFECTIVENESS OF STEAM APPROACH
IN DEVELOPING STUDENTS’ COMPETENCES
IN SOLVING GEO-ENVIRONMENTAL PROBLEMS

A person’s competence consists of understanding the essence of a
problem, as well as possessing the skills of its practical solution, using
the solution method that best suits a specific situation. The ability to
solve a problem is an important aspect of developing geo-environmental
competence in students during the learning process. The article considers
the importance of STEAM approach for the development of 21st century
skills in students and its impact on geo-environmental problem solving in
the educational process. The hypothesis of the study suggests that STEAM
approach promotes the development of geo-environmental problem solving
skills. The methods included a Quasi Experiment with preliminary and final
testing. The control group used the Problem Based Learning (PBL) method
of learning, while the experimental group used the Project Based Learning
(PjBL) method with the integration of the STEAM approach. The findings
demonstrated a notable enhancement in the performance of participants in
the experimental group. The integration of the STEAM approach not only
increased the level of knowledge, but also contributed to the development
of key skills, such as critical thinking, creativity and teamwork, as well
as significantly increased students’ motivation, their activity in problem
solving and involvement in group projects. Special emphasis was placed on
project activities where students analysed real environmental problems and
developed solutions with an interdisciplinary approach. This contributed
to a deeper understanding of the subject and practical application of
theoretical knowledge. The study showed significant effectiveness of the
STEAM approach for teaching geo-environmental disciplines. Despite

414


https://orcid.org/0000-0002-1820-4138
https://orcid.org/0000-0002-8311-9685

Bectuuk Topaiireipo yausepcurera, ISSN 2710-2661 Cepus ITeoazoeuueckas Ne 3. 2026

the limitations associated with a small sample, the proposed approach
confirms its relevance to the modern education system and is recommended
for implementation in other educational programmes.

Keywords: geo-environmental problem solving, STEAM-approach,
competence, geo-environmental issues, critical thinking.

Introduction

The dynamism of changes taking place in the modern world has necessitated
a rethinking of the fundamental principles of functioning of the world education
systems [1].

At present, the equal importance of the processes of forming both actual
knowledge and relevant practical skills in students is generally recognised in the
field of education. The fundamental difference between modern teaching and
learning processes is their priority in the formation of students’ readiness to use the
available knowledge in practice, in addition to the formal possession of it, which
is more in line with the essence of skills in demand in the 21st century. All 21st
century skills, in particular skills such as co-operation, critical thinking, creativity
and effective communication skills, can be developed through activities such as
problem solving and projects [2; 3]. One of the competences that is important to
develop in geography education is the ability to solve geo-environmental problems.
Geo-environmental problem solving skills are important at all levels of education,
which requires learners to begin their education with logical, critical thinking and
a keen interest in the problems in their environment.

One of the most popular technologies to help learners improve their ability
to solve geo-environmental problems is science, technology, engineering, maths
and creativity (STEAM) learning. This method of learning is closely linked to
the development of 21st century skills, where learners using STEAM not only
understand learning concepts, but can relate them to everyday life.

STEAM approach can be implemented through problem-oriented, project and
research-based learning. Research conducted by scientists from different countries
shows thatthe application of STEAM approach contributes to the improvement
of learning quality, development of critical thinking, improves motivation and
cognitive activity by conducting deeper research in the framework of projects
[4; 5]. Based on the above, the problem statement of this study is to determine
the effectiveness of STEAM-approach, which contributes to the development of
students’ ability to solve geo-environmental problems.

Taking into account the stated problem, the aim of the study was formulated
— to determine the effectiveness of STEAM-approach in the development of
students’ competences for solving geo-environmental problems in the study of
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profile disciplines. The objectives of the research are: to study the peculiarities of
the formation of competences for solving geo-ecological problems in the modern
education system; to determine the role of STEAM-approach in the development of
21st century skills in students; to evaluate the effectiveness of STEAM-approach in
solving geo-environmental problems during the teaching of specialized disciplines.

Materials and Method

The study proposed a hypothesis that STEAM approach contributes to the
formation of skills for solving geoenvironmental problems. In the process of the
research the method of systematic literature analysis of theoretical and practical
material was used, the method of pedagogical experiment was applied. Experimental
work was organised on the basis of Zhetysu University named after I. Zhansugurov
in Taldykkorgan city on the educational programmes Geography and Geography-
History. The study was conducted in the form of a Quasi Experiment and consisted
of several stages, the mandatory requirement of which was the implementation of
preliminary (Pretest) and final (Posttest) control of students’ knowledge.

To increase the validity of the study, the participants were divided into
two groups: a control group with 25 students and an experimental group with
23 students. Each group included students with different levels of knowledge
identified by Pretest results.This made it possible to take into account the
initial level of competences of the participants and ensure a correct comparison
of the results.

In the control group PBL was used, in the experimental PjBL using STEAM
approach. Descriptive and mathematical statistics methods were used to analyze
the data. The results of the Pretest and Posttest were assessed using average
values to determine the overall level of knowledge in the groups, as well as using
the Student’s t-statistical criterion to test the significance of differences between
the control and experimental groups. Questionnaire survey by students assessed
the perception of PBL and PjBL, with STEAM approach in the learning process.

The objective of this experiment was to find out to what extent the use of
the STEAM approach in combination with PjBL improves geo-environmental
problem solving skills.

The study involved 10 training sessions, each of 3 hours for 10 weeks.

Results and Discussion

Pretest and Posttest were organised in the course of the study to assess the
level of students’ knowledge and practical skills in solving geo-environmental
problems. Preparation of teaching and control materials, including tasks for Pretest
and Posttest, was carried out at the preliminary stage. The tasks included both
theoretical questions and practical tasks aimed at identifying students’ ability

416



Bectuuk Topaiireipo yausepcurera, ISSN 2710-2661 Cepus ITeoazoeuueckas Ne 3. 2026

to analyse and solve geo-environmental problems, which allowed a comprehensive
assessment of their preparedness in this area (Figure 1).

74
67,8
60,2 598
311
12,6
Pretest DPosttest Knowledge gain
(average grade) | (average grade) 26)
= Control group 0,2 67.8 12,6
.Exp mental 59,8 754 311
group : ; -

Figure 1 — Average grades of students in the control and experimental groups

According to the data obtained, in the control group the average grade on
the Pretest was 60.2 and on the Posttest — 67.8, and corresponds to a knowledge
gain of 12.6 %.

In the experimental group, the results were significantly better. The average
grade on the Pretest was 59.8 and on the Post test it increased to 78.4, which
demonstrates knowledge growth at the level of 31.1 %.

Statistical analysis was performed to test the validity of the differences
between the groups (Table 1). The table demonstrates that the performance of the
two groups differ on key parameters, with the p-value confirming the statistical
significance of these differences.

Table 1 — Research statistics

Control Experimental
Parameter p-value
group group
Average knowledge gain (%) 12.6 31.1 <0.01

The analysis of the data presented in the table shows that the average
knowledge growth in the experimental group is 31.1%, which significantly
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exceeds the control group’s indicator of 12.6 %. This result indicates a higher
level of mastery of the material by students trained using the STEAM approach
and confirms its effectiveness compared to traditional teaching methods used in
the control group. The p-value (< 0.01) confirms that the differences between the
groups are statistically significant.

The study revealed that applying the STEAM approach in teaching specialized
subjects positively impacted students’ ability to solve geo-environmental problems.
Students in the experimental group achieved significantly better results in problem-
solving compared to those in the control group. Moreover, the effect of STEAM
approach differed according to the learners’ initial knowledge levels on the
Pretest, the group with low knowledge level had a positive effect that was higher
than the group with PBL method. According to the study’s findings, the STEAM
approach substantially raises students’ motivation to learn both the theoretical and
practical elements of the material, enhances their understanding and interpretation
of concepts, and supports more comprehensive research in project work [6].

In the experimental group, the training is aimed at enabling students to activate
their existing geo-environmental problem-solving abilities. The STEAM approach
can help the students to solve problems and solve them with the help of critical
thinking [7; 8]. Students were presented with problems related to environmental
change and were asked to develop a project to solve these problems. In class,
students discuss the problem with their group to identify ideas or insights for the
project. They are also asked to design a project that will be created and visualised
as an image.

The students then proceed to realise the project idea, design and present
the results of their projects so that they can be evaluated on the results of their
projects. The stages of geo-environmental problem solving and the creation of this
project can help students to improve their problem solving skills in the process
of project creation and to identify the most effective ideas in problem solving
[9; 10]. This is confirmed by the results of the students’ questionnaires, according
to which 92.7 % of students believe that PjBL using STEAM approach helped
them to understand the topic of environmental change more easily and made
them more active in group discussions when solving the assigned tasks, it allows
students to acquire cognitive knowledge and skills.

In the control group, teaching was carried out using traditional teaching
models, namely PBL with a scientific approach, which gave a lower result than in
the experimental group. The students were given tasks within the framework of the
study of profile disciplines, where several topics of environmental problems are
proposed, such as problems of soil, river, air pollution, as well as the consequences
of the transfer of the capital.
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The students were presented with articles in order to analyse the problems
based on the given questions.The work on this task was done in groups at home
so that the work process was not visible. After completing the work, the students
demonstrate the findings of their discussions with those present. According to the
results of the presentation, the ideas presented are only based on friends’ ideas
and are based on internet resources, so that the ideas for problem solving do not
differ from each other. In this case, PBL has some disadvantages such as lack of
enthusiasm of the learners in problem solving, the use of each learner’s ideas is
not realised and a little more time is required.

The application PjBL using STEAM approach can significantly improve
geo-environmental problem solving skills and provides students with opportunities
to approach real-world problems in an integrated manner, enhancing their ability
to analyze and apply knowledge in practice.

However, a limitation of the study is the small sample size, making it
impossible to generalise the results to all students as a whole.

Conclusion

Within the modern education system, the STEAM approach has proven
to be an effective tool for developing 21st century skills, including critical thinking,
creativity, collaboration, and problem-solving skills. The analysis of the research
results confirms the hypothesis about the positive impact of the STEAM approach
on the development of students’ ability to solve geo-environmental problems.
According to the data obtained, the experimental group shows a significant increase
in the level of knowledge, amounting to 31.1%, which is several times higher than
the results of the control group, where this figure was only 12.6%.

These data indicate a high potential for integrating the STEAM approach
into the educational process to form deeper and more comprehensive knowledge
in the field of geoecology in students. Such a significant increase in the
experimental group can be due to the interdisciplinary nature of the approach,
which promotes the development of critical thinking, the ability to analyze and
solve problems using knowledge from various fields of science.

The effectiveness of the STEAM approach was most evident in the PjBL
process, during which students analysed real environmental problems, developed
projects and proposed solutions. The application of the approach improved not
only cognitive knowledge but also interdisciplinary skills, which is especially
important for geo-ecological research.

The results of the participants’ questionnaires showed a high degree of
motivation and involvement of students in the learning process, which confirms
the potential of STEAM approach as an innovative method of education.
Despite the limitations of the study, including the small sample size, the results
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demonstrate the need for further implementation of the STEAM approach
in educational programmes. Expanding the scope of the study to include more
students and disciplines may help to provide more extensive and accurate data on
the effectiveness of this approach.
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BIUIIM AJTYHIIBIJIAPABIH 'EO3KOJIOTI' UAJBIK MOCEJIEJEPI
HMEMYAEI'T K¥3BIPETTIJIIKTEPIH JAMBITY JJAFbI
STEAM-TOCIUIIHIH TUIMALIITT

Kysvipemmi adam moceneniyy MoHiH mycCiHin KaHa KOUuMai, oHbvl ic
Jicy3inoe weute iyl Kepex, seHu HaKmbl JHcaz0aliiapaa er Koaailibl ein
90icin Oinyi Kepex.

Mocenenepoi wewe 6iny 0inim aryuvliapovly dKOJ0SUANbIK
MocenenepOi wieuwtyee OKblmy npoyecinoeci 2e09KO0N02UANBIK
KYy3blpemminicin Kaiblnmacmolpy Yuin Maybi3ool.

Maxanaoa 6inim anywwiniapoviy XXI eacvlp oazoviiapviin 0amvimy
ywin STEAM-mocininiy manwizvl dicone oHwvly 0inim Oepy ydepicinoeli
2€09K0NI02UANBIK MiHOemmepOi wieulyze ocepi KapacmuipvliadH.

3epmmey eunome3zacwvt STEAM-mocini 2eosxonocusiivlk mocenenepoi
weuty 0az0bliapbii KAILINMAcmuipyaa bIKnai emeoi oen 6oaicaiiosl.
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Qodicmepee andblH A1d HCOHE KOPLIMbIHObL mecmileymeH
K8azu-sKcnepumenm Kipoi, 6axbiiay moowviHOa npooIeMAanblK OKbImY, al
axcnepumenmmix monma STEAM-mocinin Kordana omulpuin, dcobasa
bazvimmanaan OKbImy K0J10aHbLI0bL.

Homuoicenep sxchepumeHmmix mon cmyoeHmmepiHiy aumapivikmati
srcaxcapaanvin kopcemmi. STEAM-mocin 6inim Oeneeiiin kemepin
Kana Koumail, COHbIMeH Kamap CulHU OUNAY, WbleAPMAULbLIbIK JHCOHE
TMONMbBIK JAHCYMbIC CUAKMBL Hecizel 0ae0bliapovl dambimyad MYMKIHOIK
Oepoi, convimen Kamap cmyoeHmmepoily MOMUBAYUACHIH, MiHOemmepoi
wewyoezi bencenOinicin JdcoHe MONMuIK AHcobarapaa KamvicCyblH
aumaprvlKmai apmmuipobi.

JKobanvik Kblzmemke epexiuie Hazap ayoapuliovl, OHblY OApbICbIHOA
Oinim anywbliap HaKmel dKOJIO2UANLIK Mocenenepoi maioan, NOHAPanbiK
maociimen wewimoep 93ipaedi. byn maxvipvinmul mycinyoi mepenyoemyee
JiCoHe MeoPUsIbIK OLNIMOI NPAKMUKANBIK KOAOAHY2d bIKNAL emmi.

3epmmey nomudicenepi 2e03K0102UATLIK NOHOepOi oKkbimyoviy STEAM
MOCINIHIY Jico2apbl MUiMOiNicin Kopcemeoi.

Ulazvin yneize baiinanvicmel uiekmeynepee Kapamacmat, YColHbLI2aH
macin Kazipei oinim bepy dcyliecine 03eKminicin pacmatiovl Jcone backa
0Ky baz0apaamanapvina eneizyee yColHbliaobl.

Kinmmi ce30ep: ceosxonocusnvix ecenmepdi wewry, STEAM-mocin,
KY3bIpemmiiiK, 2e09K0N02UANbIK Moceenep, ColHU MYpablOan Ounay.

*P. A. Myxumounoea', K. M. Batimbipsaes®
L2Kerpicyckuit yausepeutet umenn U. XKancyryposa
Pecny6sinka Kazaxcran, . Tamasikopras.

IMoctynuio B penakmuio 09.01.25.
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IPPEKTUBHOCTDb STEAM-IIOJAXOA B PASBBUTHUHN
KOMIIETEHIMI OBYYAIOILIUXCS B PEIIEHUA
IF'EOSKOJOI'NMYECKHUX MPOBJIEM

Komnemenumnoirii uenoeex 0ondcen nHe moibKo NOHUMAMb
CYWHOCMb NPOOIEeMbL, HO U YMeMb Peuums ee NPAKmMuyecku, mo ecm
61a0emvb MemoooM peuleHus, Hauboaee noOX00AUUM K KOHKPEMHbIM
yenosusm. Ymenue peutamv npooiremvl 8aNCHO OJis1 QOPMUPOBAHUS
2€09K0JI02UHECKOU KOMNemeyuu 00yuaiouwuxcs 6 npoyecce o0y4eHus
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PpeuleHuIo 3Ko102udeckux npobiem. B cmamve paccmompeno snauenue
STEAM-nooxoda 0aa paszeumus Hagvikoé XXI éexa y obyuarowuxcs
U e20 GnUsIHUE HA PeUeHIe 2e0IK0I02UYECKUX 3a0aY 8 00pa308ameibHOM
npoyecce. [ unomesa uccaeoosanus npeononazaem, umo STEAM-nooxoo
cnocobcmeyem GopmMuposanuio HagblKO8 PeueHus 2e0IK0A0SUYECKUX
npobnem. Memooul GKII0YANU KBA3U-DKCNEPUMEHTN C NPEOSAPUMETbHBIM
U UMO208bIM MeCMUPOBAHUEM, NPU IMOM 8 KOHMPOIbHOU 2pynne
UCNONb306ANOCH NPOOIeMHOe 00yYeHUe, a 8 IKCHEPUMEHMATbHOU
— npoekmuo-opuenmuposantoe obyuenue ¢ npumenenuem STEAM-
nooxooa. Peszyibmamel nokazaniu 3uadyumenvHoe yiyduleHue
y cmyoenmog skcnepumenmanviou epynnol. STEAM-n00x00 nozeoaun
He MOJbKO NOGLICUMb YPOBEHb 3HAHUI, HO U PA36UMb KIlI0Uegble
HABbIKUL, MAKUE KAK KPUMUYECKOE MblUleHue, KpeamugHoCcmy u paboma
6 KoMaHoe, a maKice 3SHAYUMeNbHO NOBbICUL MOTNUBAYUIO CIYOEHMO8,
UX AKMUBHOCMb 8 peuleHuu 3a0ay U 8061e4EHHOCMb 8 2PYNNOGbLE
npoexmul. Ocoboe gHuMaHUue Y0eniioc, NPOEeKMHOU 0esmealbHOCMU,
6 X00€e KOMOopou 00yualowuecs AaHalIU3UPOSAIU PedbHbLE IKOIOSUHECKUEe
npobiemvl U pazpabamvleaniu peuleHuss ¢ MeHCOUCYUNTUHAPHBIM
1n00X000M. DMo cnocobcmeosano yenyoieHulo NOHUMAHUs npeomema
U NPAKMUYECKOMY NPUMEHEHUIO meopemudeckux 3Hanuil. Pezynomamul
UCCcned08anusi 0eMOHCMPUPYIOM 6blcoKYI0 dghdpexmusnocmo STEAM-
nooxooa 05 0byueHus 2eo0dkoa02udeckum oucyuniunam. Hecmomps
Ha o2panudenus, Césa3anHvle ¢ HebOoIbULOU 8bIOOPKOU, NPEOI0NCEHHDLU
n00xX00 noomeepicoaem C80I0 aAKmMyaibHOCHMb 015l COBPEMEHHOU
cucmemvl 06pPA308AHUSL U PEKOMEHOYEemCsl K 8HEOPEHUI0 8 Opyeux
VUeOHbIX NPOSPAMMAX.

Kniouesvie cnosa: pewenue ceoaxonocuveckux sadad, STEAM-nooxoo,
KOMNEemeHYuUsl, 2e09K0N02UYeCKUe NPOOLeMbl, KPUMULEeCKoe MbluLIeHUe.
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