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APPLICATION OF STEM METHODS TO STUDY
THE HEAT EFFECT OF REACTIONS

The article discusses the application of STEM (science, technology,
engineering, and mathematics) methods to study the thermal effect
of chemical reactions (exo- and endothermic) in the 8th grade. The
relevance of the study is due to the low level of knowledge of students in
this area and the growing need for STEM specialists. The article analyzes
existing studies and publications confirming the effectiveness of the STEM
approach in the educational process. The materials and methods used
to integrate STEM technologies into chemistry teaching are described,
including modern textbooks, electronic resources, and laboratory tools.
The results of the study show that the use of STEM methods contributes
to increasing students’ interest in the subject, improving their academic
results, and developing critical thinking skills. This work emphasizes the
importance of innovative approaches in chemistry education and suggests
effective ways to further develop students’ STEM literacy, understanding,
and practical application of knowledge in real-world scenarios.

Keywords: STEM methods, chemical education, exothermic
and endothermic reactions, innovative approaches, critical thinking,
interdisciplinary learning, educational process.

Introduction

Modern society poses new challenges to education, requiring graduates not
only to have deep theoretical knowledge, but also to be able to apply it in practice
and solve complex problems in an interdisciplinary context. Due to the growing
need for STEM specialists (science, technology, engineering and mathematics),
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the relevance of introducing the STEM approach into the educational process
is steadily increasing. This approach, which combines science, technology,
engineering and mathematics in the context of solving real-world problems,
promotes the development of critical thinking, creativity and the 21st century
skills necessary for successful adaptation to the rapidly changing conditions of
the modern world.

This article is devoted to the study of the effectiveness of using STEM methods
in studying the thermal effect of chemical reactions (exo- and endothermic) in
the 8th grade. The low level of students’ knowledge in this area, according to
annual indicators, emphasizes the need for innovative approaches to teaching
chemistry. The integration of STEM technologies allows improving the structure
and methodology of teaching by creating interactive and personalized educational
materials using digital resources. The proposed study is aimed at analyzing the
effectiveness of the implementation of the STEM approach within the updated
educational content, assessing the primary and subsequent knowledge of students,
as well as developing and analyzing the results of using the developed STEM
lessons and assessment tools. The results obtained will help determine the ways
of developing STEM literacy of students and introducing modern technologies
into the educational process.

Materials and methods

To achieve the objectives of this study, a variety of materials and methods
were used to integrate the STEM approach into the teaching of chemistry. This
section presents the main components that were used in the study.

Modern chemistry textbooks for the 8th grade were used, as well as electronic
resources, including interactive platforms and simulators that allow visualization
of the thermal effects of exothermic and endothermic reactions. Laboratory
instruments such as calorimeters, thermometers, reagents and other materials
necessary for performing experiments were used for practical classes. Software
tools were used to create electronic educational materials and interactive tasks, as
well as platforms for online learning and interaction with students.

A review of existing studies and publications on the topic of using STEM
methods in chemistry education was conducted, which made it possible to
identify best practices and approaches. To assess the level of knowledge of 8th-
grade students of the Nazarbayev Intellectual School of Chemistry and Biology
in Turkestan before and after the introduction of STEM lessons, surveys and
questionnaires were used, which made it possible to obtain quantitative and
qualitative data on learning outcomes. The collected data were analyzed using
statistical methods, which made it possible to assess the effectiveness of the STEM
approach and its impact on the level of students’ knowledge.
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This approach provided a comprehensive study that not only assessed the
effectiveness of STEM methods, but also identified opportunities for further
improvement of the educational process in the field of chemistry.

Results and discussions

STEM (science, technology, engineering, and mathematics) methods are an
integrated approach to learning that emphasizes interdisciplinary learning and
the application of knowledge from various fields. These methods are aimed at
developing critical thinking, creativity, and practical skills in students, which is
especially relevant in the context of modern education [1]. In chemistry education,
STEM methods allow students not only to acquire theoretical knowledge, but also
to apply it in practice by solving real-world problems and conducting experiments.

According to research conducted in recent years, the use of STEM methods in
chemistry education helps to increase students’ interest in the subject and improve
their academic results. For example, in [2] it was shown that the integration of
STEM methods into the educational process leads to a significant increase in the
level of student engagement and their understanding of complex chemical concepts.

Other studies, such as the work of H. Lee and S. Kim [3], highlight the
importance of using project-based learning within STEM methods, which allows
students to design and implement their own projects related to chemical reactions
and their thermal effects.

In addition, a study by R. Johnson and colleagues [4] noted that the use of
digital technologies and interactive platforms within STEM methods significantly
improves students’ understanding of exothermic and endothermic reactions,
allowing them to visualize and analyze data in real time.

Research also shows that the use of STEM methods promotes the development
of problem-solving and critical thinking skills. For example, the work [5]
emphasizes that students participating in STEM-oriented projects demonstrate
higher levels of creativity and analytical ability, which is an important aspect in
modern education.

An important aspect is also the use of an interdisciplinary approach,
which allows students to link knowledge from different fields, such as physics,
mathematics and technology. This is confirmed by the work [6], where the authors
note that the integration of STEM methods into the educational process contributes
to the formation of a holistic view of the subject and improves the understanding
of complex concepts.

In addition, the study [7] examines the impact of STEM methods on student
motivation, showing that active participation in project activities significantly
increases interest in the subject and the desire to learn.
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Also, the work [8] emphasizes that the use of technology in STEM education
allows students to better understand and apply theoretical knowledge in practice.
This creates conditions for deeper involvement in the learning process and
improves learning outcomes.

Therefore, the empirical data of previous studies indicate the high efficiency
of introducing STEM methods into chemical education, which forms the
methodological basis for the subsequent analysis of the results of our study and
assessment of their significance for the educational process. At the same time,
STEM approaches not only contribute to improving academic performance, but
also ensure the development of key competencies in students necessary for their
professional implementation in the future.

The study collected data on students’ knowledge before and after the
introduction of STEM lessons on the thermal effects of exothermic and endothermic
reactions. The results were assessed using tests and questionnaires, which included
both theoretical questions and practical tasks. Statistical calculations were
performed for a more detailed analysis.

Table 1 shows the results of testing students before and after the
implementation of STEM lessons.

Table 1 — Comparative analysis of the level of knowledge and involvement of
students before and after the introduction of STEM lessons.

Before the intro- | After the intro- Change
Parameter duction of STEM | duction of STEM (%)
lessons lessons
Average score 65 85 +30
Percentage of students with 40 % 759, 135
good and excellent grades
Level of involvement 50 % 90 % +40

Equations of thermodynamics

Let’s look at the application of STEM methods in practice. For example, as
part of studying the thermal effects of reactions, 8th grade students had to analyze
and apply the following equations:

1. Equation for exothermic reactions:

O=m-c-AT

)

where: ( — is the amount of heat released during the reaction (in Joules);
m — mass of the reactant (in kilograms);
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¢ — specific heat capacity of a substance (in J/kg-°C);
AT — change in temperature (in °C), calculated as the difference between the
final and initial temperatures:

AT=Tion. — Thau. (2)
2 Equation for endothermic reactions:
O=m-c:AT 3)

where: (O — also represents the amount of heat absorbed by a substance
during a reaction (in Joules);

The remaining parameters m, ¢, AT have the same values and units of
measurement as in exothermic reactions.

3 Law of conservation of energy:

Qonu ZQBbIXO,H ( 4)

This principle allows us to understand that the amount of heat transferred
from one substance to another is conserved in a closed system.
4 Equation for calculating the enthalpy of reaction:

AH=Q/n (5)

where: AH — enthalpy change (in kJ/mol);

Q — the total amount of heat released or absorbed in a reaction;

n —amount of substance (in moles).

These equations are the basis for understanding the thermodynamics of
chemical reactions, and their application in practical tasks helps students better
assimilate the material, as well as develops analytical and critical thinking skills
[9;10].

The use of STEM methods to study the thermal effects of reactions and the
above equations will allow 8th grade students not only to master the theoretical
material, but also to develop practical skills, critical thinking and interdisciplinary
connections. Further, in Figure 1, examples are given of how STEM approaches
were integrated into the study of these equations in 8th grade chemistry lessons.
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Figure 1 — Integrating STEM Methods into Teaching
Chemistry to Eighth-Grade Students

A scientific approach to teaching chemistry involves mastering theoretical
principles, which creates a foundation for understanding chemical phenomena.
Experimental research using calorimeters makes it possible to directly record
temperature changes during exothermic and endothermic reactions, which ensures
practical verification of theoretical propositions. The organization and preparation
of reagents, as well as the systematic recording of the data obtained, contribute to
the development of students’ accuracy and attentiveness. Processing the results
through calculations, plotting graphs and summary tables ensures a meaningful
interpretation of the experiment and the formation of conclusions, stimulating the
development of critical thinking.

The technological aspect involves the use of software for computer modeling
of chemical reactions. This makes it possible to visualize the dynamics of
temperature changes and thermal effects, as well as change the parameters of
reactions in a virtual environment. The formation of spreadsheets in Excel or
similar applications helps to structure data in the form of tables and graphs, which
increases clarity and facilitates their subsequent analysis.
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The engineering approach emphasizes the development of experimental
setups, in which students independently design and construct calorimeters from
available materials. This process develops engineering design skills and the
assimilation of basic engineering concepts. Solving heat transfer and heat balance
problems facilitates the use of mathematical methods to optimize experimental
parameters, which stimulates the development of engineering thinking and ensures
the practical implementation of theoretical knowledge.

The mathematical component involves performing calculations based on
equations, which helps improve students’ mathematical literacy. Mastering
statistical methods for processing experimental data and analyzing errors increases
the reliability of interpreting results. Plotting graphs of the dependence of reaction
heat on temperature or mass of reagents provides visualization of experimental
data and identification of functional relationships between parameters.

The interdisciplinary approach involves the integration of knowledge from
physics, mathematics, technology and chemistry, which provides a comprehensive
understanding of the phenomenon being studied. The organization of group work
contributes to the development of students’ communicative and cooperative skills.
Joint analysis and discussion of the results obtained, as well as data exchange,
increase the effectiveness of collective problem solving, strengthen teamwork and
stimulate critical thinking.

The use of STEM methods in the eighth-grade chemistry course ensures the
formation of an integrated educational environment that stimulates active student
involvement. Each STEM component — natural sciences, technology, engineering
principles, mathematical apparatus, and interdisciplinary connections — promotes
the development of critical thinking, practical skills, and a deep understanding of
chemical processes. This approach ensures that students acquire the competencies
necessary to adapt to modern socio-technical challenges and increases the
interactivity of the educational process.

The study demonstrated that the integration of STEM methods into chemistry
teaching leads to a statistically significant increase in student performance and
motivation: during the implementation period, a 30 % increase in the average grade
and a 35 % increase in the proportion of students receiving «good» and «excellent»
grades were noted, which indicates the high effectiveness of the chosen approach.

Survey results showed a 40 percent increase in student engagement,
demonstrating that STEM lessons create a more dynamic and interactive learning
environment, which is critical to achieving high learning outcomes.

The conducted study demonstrated that the integration of the STEM approach
into the study of thermal effects contributes to the improvement of academic
performance and the development of critical thinking and practical skills in
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students necessary for future professional activity in STEM fields. Further research
should be focused on the analysis of the long-term impact of STEM methods on
the professional preferences of students.

Conclusions

This article examines STEM methods for studying the thermal effects of
chemical reactions in 8th grade, confirming that this approach significantly boosts
students’ knowledge and interest in the subject.

— STEM lessons led to a 30% increase in average grades and a 35% rise in
students achieving “good” and “excellent” grades, indicating improved learning.

— A 40 % increase in student engagement reflects a dynamic learning
environment that fosters critical thinking and collaboration skills.

— STEM methods connect knowledge from physics, mathematics, and
technology, fostering a holistic understanding of the subject.

— Students develop skills in experimental design and data analysis, essential
for preparing specialists in STEM fields.

— Research is needed on the long-term effects of STEM methods and their
impact on students’ career choices.

The introduction of STEM approaches in chemistry education enhances
academic outcomes and fosters critical thinking, practical skills, and
interdisciplinary connections in students.
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PEAKIMSIJIAPJBIH JKBLTYJIBIK OCEPTH
(OK30- )KOHE DHIOTEPMHUKAJIBIK)
3EPTTEYJIE STEM-OIICTEPIH KOJIIAHY

byn  wmaxanaoa  8-ceimvinma  Xumuanelx  peakyusnapobiy
(9K30MEPMUATILIK HCIHE IHOOMEPMUATBIK) HCOLLY dCePiH 3epmmey VUi
STEM (2vL161M, MeXHON02US, UHICEHEPUSL HCIHE MAMEMAMUKA) d20icmepin
KONOAaHy Kapacmulpuliaovl. 3epmmey0iy 63ekminiei cmyoeHmmepoiy ocbl
canadagvl 6inim Oeneetiiniy momenodicimen dxcone STEM mamanoapuvina
OezeH  CYpanvicmuvly —apmyvimen oaunanvicmol. Makanaoa  6iniv
bepy yoepicinoeci STEM macininiy muimoiniein pacmatmvin  oOap
3epmmeynep MeH dcapuananeimoap mandanaovl. Kaszipei oxynvixkmap,
INEKMPOHObL  Pecypcmap  HCoHe 3epmXAHANbIK  KYpanoapovl Kocd
aneanda, xumuauel oxvimyea STEM mexuonocuanapvin eneisy YuliH
KONOAHbLIAMbIH MAMepuanoap meH a0icmepoi cunammaiosi. 3epmmey
nomuoicenepi STEM a0icmepin Konoany OKyWbIIApOblY NaHee Oe2eH
KbI3612VUIbLIbIRbIH apMMblpyed, ONapobly OK)y YA2epiMiH cakcapmyad
JHCoHe CHIHU MYPRbIOAH OUNAY 0A20bLIAPLIH OAMbIMY2Ad KOMEKMeceminin
xopcemmi. Byn owcymvic xumus nouinen Oinim Oepyoeci UHHOBAYUSAIIK
macinoepoiy Manbi30bIIbIEbIH KOpcemeoi dcane cmyoenmmepoiyy STEM
Cayammulivleblh 00aH api 0amwlmyobly MUiMoi Hconoapsin, OINiMOI
OMIPIIK HcaA20aAUNAPOaA MYCIHY HCIHE NPAKMUKANBIK KOTOAHYObL Y CbIHAODL.
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Kinmmi ce30ep: STEM a0icmepi, xumusnvix 6inim Oepy, 3K30- dHcoHe
IHOOMEPMUANBIK PEAKYUAAD, UHHOBAYUSATLIK MACLIOED, CblHU MYPEbIOAH
OlLNAy, NGHAPATBIK OKbINY, OKY NPoyeci

*H. B. Tokmamwic', B. b. [llacpaesa’
12H0xH0-Ka3zaxcTaHCKHi TTe/]arornaecKuil yHUBEPCUTET
nMeHHu Y30ekanu JKannOekosa,

Pecny6nnka Kazaxcras, r. [IIsIMKeHT.

Ioctynuno B penakiumio 18.01.25.

Ioctynuno ¢ ucnpasnenusimu 05.10.25.

IIpunsro B nevars 25.11.25.

INPUMEHEHHUE STEM-METOJ0B V51 U3YYEHUSI TEINIJIOBOT'O
IPDPEKTA PEAKIINU (OK30- U DQHAOTEPMHNYECKHX)

B cmamve paccmampusaemcs npumenenue memooos STEM (nayxa,
MEXHON02UA, UHIICEHePUs U MamemMamura) Oiisl UyYeHus menio8o2o
appexma xumuneckux peakyuil (K30~ U IHOOMepmMuiecKkux) 8 8 Kiacce.
Axmyanvnocmes ucciedosanuss 00ycio6iena HU3KUM YpOGHeM 3HAHULL
yuawuxcs 8 smoti 001acmu u pacmywjell nompedHOCMbI0 8 CReYUAIUCTIAX
STEM. B cmamve aHanusupylomcs cyujecmsyroujue uUccie0o8anus u
nybnukayuu, noomseepacoarowue 3¢pgpexmusnocmo STEM-nooxooa 6
obpazosamenvrom npoyecce. Onucvl6aromcs Mamepuaibl U Memoosl,
ucnonvsyemoie oaa unmezpayuu STEM-mexnonozuti 6 npenooasamie
XUMUU, BKIIOYAs COBpeMEHNble YUeOHUKU, OJIeKMpPOHHble PecypCbl
u aabopamopuvie  uncmpymenmul.  Pesynbmamul  ucciedosaus
noKaswvleaiom, u4mo ucnoavzoganue memooos STEM cnocobcmeyem
NOBbIUEHUIO UHMepecd YUaWUXcs K Nnpeomemy, VIVHUEHUIO —UX
akaoeMuyeckux pe3ynomamos U paseumulo HAaGblKO8 KPUMUUECKO20
Mmeluinenus. B Oawnoii  pabome  noouepkueaemcs  8aNCHOCHb
UHHOBAYUOHHBIX NOOX0008 68 00pA306AHUN NO XUMUU U NPEONA2AIOMCSl
appexmusnvle cnocobvl oanvreluteco passumus STEM-epamomuocmu
VUAUUXCA, NOHUMAHUS U NPAKMUYECKO20 NPUMEHEHUS 3HAHUTL 8 DedbHbIX
CUMYaYUsX.

Kurouesvie cnosa: STEM-memoosi, xumuueckoe 0bpasosanue, 3K30-
U dHOOmepMUdecKue peaKyul, UHHOBAYUOHHbIE NOOXOObl, KPUMUYECKOe
MbluLeHUe, MeXCOUCYUNTUHAPHOe 0byUeHUe, 00pa308amelbHbill npoyecc.
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