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Abstract. Currently, the STEAM CLIL project (Science, Technology,
Engineering, Art, Mathematics + Content and Language Integrated Learning) holds
particular significance as one of the innovative approaches ensuring interdisciplinary
and language integration in the educational process. These approaches aim to
enhance the effectiveness of training specialists in engineering and technical fields.
The STEAM CLIL methodology, in particular, plays a crucial role in preparing
future physics specialists to meet the demands of 21st-century employers. However,
improving the methodology for implementing this approach has become one of the
pressing challenges in modern education. The relevance of this research stems from
the need to adapt the country’s technical education system to global standards and to
enhance the professional competence of future engineers and educators. The purpose
of the study is to identify the features of teaching physics based on the STEAM
CLIL model in educational programs for engineering and technical specialties and
to develop effective strategies for its implementation. The study employed both
theoretical methods—systematic analysis and pedagogical modeling—and empirical
methods such as surveys, observation, and pedagogical experiments. As a result, a
structural model for applying the STEAM CLIL project in physics instruction was
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proposed. It was found that teaching in English contributes to the simultaneous
development of both subject-specific and language skills in students. The increase
in students’ academic motivation and performance was confirmed through survey
and observation results. The outcomes of this research can be widely applied in
teaching physics in secondary and higher education institutions, as well as in teacher
professional development courses. The study offers a valuable contribution to
preparing technical specialists in alignment with modern educational standards.

Keyswords: physics training, STEAM education, CLIL, English, learning
process, digital resource, STEAM product.
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Annorauusi. byriari Tagga 6imim Oepy yaepiciHAe MoHApaNbIK JKOHE TULHIK
KIpiKTipyZi KaMTamMachl3 €TeTiH MHHOBALMSUIBIK oaicTepain Oipi peringe STEAM
CLIL (Science, Technology, Engineering, Art, Mathematics + Content and
Language Integrated Learning) >xo0acsl epexiie ManbI3ra ue 0omyna. by tocinaep
WH)KEHEPIIK-TeXHUKAIBIK OaFbITTaFbl MaMaHAapAbl jAaspiayla oKy YIepicCiHiH
THiMITriH  apTTeipyra OarbiTranrad. STEM CLIL Tocimi ocipece, Oomarmak
¢u3uka MamaHgapelHBIH 21 FachIpAarbl JKYMbIC OepyLIiiepAiH TajanTapblHa
coliKec AaspibIFbIH KETUIAIpyre 30p BIKMad ereni. JlereHMeH, aTanfaH Tacinaepai
KOJIIAHY/ABIH OICTEeMECIH KeTIINipy Kasipri OimiM OepydiH ©3eKTi cajalapbIHbIH
Oipine aitnannmel. Conpmaii-ak, OyJl 3epTTEy >KYMBICBHIHBIH ©3CKTiNiri emimizzmeri
TEeXHHUKaJBIK OiiM Oepy skyiieciH xahaHaplK Tajmantapra OeiliMaey *oHe Oonamiak
HWHXKEHEpIiep MEH MYFalliMAEPIiH KociOM Ky3bIPETTLNIriH apTThIPy KaKeTTiIIriHeH
TYBIHIAWIBI. 3epTTeydiH MakcaThl — WHXKCHEPIiK-TEeXHUKANbIK MaMaHIbIKTapra
apHanraH Oimim Oepy Oarnmapnamanapeinga ¢usukansl STEAM CLIL Herizinge
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OKBITYJ/IBIH epeKinenikTepin aikbiaaamn, oibl STEAM CLIL moneni HeriziHae THiMIl
YUBIMAACTBIPYABIH KOJIAAPBIH YChIHY Oombll TaOblIagsl. 3epTTey OapbIChIHIA
KYHeni Tanjay, neAarorukKaiblK MOAETbIEY CEKiIi TEOPHSIIBIK 9iCTepMeH KaTap,
SMIIMPUKAJIBIK 3€PTTEY OMiCTepi — cayaiHama, OakpLiay >KOHE MelarorHKaliblK
skcniepuMeHT Konmaneuiel. Hotmkecinnme STEAM CLIL xobackiH (hu3ukaHb
OKBITYa KOJAAHYIBIH KYPBUIBIMIBIK MOJIENi YCBHIHBUIBIN, AaFbUILIBIH TUTIHAE
OKBITY OapbICBIHIIA CTYACHTTEPJIH MOHIIK JKOHE TIIK JaFIblIapbIHBIH Karap
JaMyblHa BIKIAJ €TEeTiHI aHbIKTaNAbl. biliM anymsiiapasiH OKy MOTHBALIUSICHl MEH
aKaJeMISUTBIK KETICTIKTEepl apTKaHbI cayaliHaMa )KoHe OaKbliay HOTHKeNepi apKbLUIbI
pactannel. byn 3epTTey HOTHIKeNepiH OpTa OHE JKOFaphl OKY OpPBIHAAPBIHAAFHI
(u3MKaHbI OKBITYA, COHAANH-aK MYFaIIIMAEP/IiH OUTIKTUTITIH apTThIPy KypcTapblHaa
KeHiHeH mnaiganaHyra Oomaipl. 3epTTey JKYMBICBI TEXHHKAJIBIK MaMaHIap.bl
3aMaHayu OijiM Oepy TajanTapblHa cail Aaspiayra MyMKIHIIK Oepei.
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yzepici, uudpnsik pecype, STEAM enim.
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Annorauusi. [Ipoexr STEAM CLIL (Science, Technology, Engineering, Art,
Mathematics + Content and Language Integrated Learning) nmpuoOperaer ocoboe
3HAYCHUE KaK MHHOBALIMOHHBIA MOIXOJA, O0ECHECUMBAIOLIMN MEXKIPEAMETHYIO U
SI3BIKOBY IO MHTET PALHIO BOOpa30BaTeIbHOM ITpoliecce. JJaHHbIN TOIX0/1 HAITPaBIICH Ha
noBbIIeHHE AP HEKTUBHOCTH MOATOTOBKHA HHIKCHEPHO-TEXHUYECKUX CIICLUAIICTOB,
B YaCTHOCTH OyayIIMX (pM3MKOB, OTBEHAIOLIMX TpeOoBaHUsAM padoromarenend XXI
Beka. COBEpIICHCTBOBAaHWE METOJMKH €ro TPHUMEHEHHs SIBISETCS AaKTyalbHOM
3aj1aueii COBpeMEHHOT0 00pa30BaHus B yCIOBUIX [TI00AIN3AIINH U POCTA TPeOOBaHU I
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K podeCCHOHaIbHOM KOMIIETEHTHOCTH HHKCHEPOB M NIPENoiaBaTeieH.

Lenb nccnenoBaHusi — BBISIBUTH OCOOEHHOCTH MpenogaBaHus GU3NKH Ha OCHOBE
mozaen STEAM CLIL B nHxeHEepHO-TEXHUYECKUX 00pa30BaTeIbHBIX MPOrpaMMax
n paspaborarp mytu e€ 3h¢dexTHBHOM peanuzanuu. B paboTe NpUMEHSIIUCH
TEOpETHUUECKHE METOAbl (CUCTEMHBIN aHajiu3, MeJarorn4eckoe MOAEITHpPOBaHUE)
U OMIHMPHYECKHE METoAbl (aHKeTUpOBaHWE, HAOIIONCHUE, TeJarornyecKui
JKCIEpUMEHT). B pesynbrate mpemiokeHa CTPYKTypHash MOJENb BHEAPEHUS
STEAM CLIL B o0yuenue (u3uke. YCTaHOBICHO, YTO OOyUYCHHE HA aHIJIMICKOM
SI3BIKE  CIIOCOOCTBYET MapauleIbHOMY Ppa3BUTHIO MPEIMETHBIX M S3BIKOBBIX
HaBBIKOB CTYJICHTOB, a POCT y4eOHOH MOTHBALMHU M aKaJeMUYECKOH yCIIeBaeMOCTH
MOATBEPKAEH pe3yJabTaTaMy ONMPOCOB M HaOMOAeHUH. Pe3ynbraTel McciaeqoBaHus
MOTYT OBITh MUCIIOJIb30BAaHbI MIPH NPENOAaBAaHUN (PU3UKH B YUPEKICHHUIX CPESAHETO
W BBICIIET0 0Opa30BaHUS, a TakKKe B Kypcax TMOBBIIICHUS KBadu(pUKAIH
npernojaBaTeneil, YTO TO3BOJIUT TOTOBUTh TEXHUUYECKHX CIELHAINCTOB B
COOTBETCTBHH C COBPEMEHHBIMH TPEOOBAHUSIMU 00pa30BaTEIBLHON CHCTEMBI.

KuaroueBsie ciioBa: o0yuenue pusuke, STEAM obpazosanue, CLIL, anrmuiickuit
SI3BIK, ponecc o0yuenusi, mudpooii pecypc, STEAM npoayKr.

Introduction

The purpose of teaching physics in English in educational programs in engineering
and technical fields at a higher educational institution is not only to replenish the
student with a certain amount of information, but also to form cognitive strategies
for self - education as the basis and integral part of the future professional profession.
This corresponds to a competency-based approach in education (Malhotra, et al.,
2023:9082). To achieve the subject and communicative-language competence of
students, it is necessary to solve two main problems: the first is to provide students
with the opportunity to receive in-depth knowledge of physics in English. And
the second is to change the way the student organizes his independent work using
STEAM elements. Combining the above approaches with efficiency is aimed at
improving the quality of learning, developing students’ creative abilities, striving for
their continuous acquisition of new knowledge.

Since the process of developing the subject and communicative-language
competence of students should go smoothly, we study the propaedeutic possibilities
of General Physics in the development of subject and communicative-language
competence. The solution of this problem requires the use of all modern tools,
as well as the development of new approaches to the development of subject and
communicative-language competence. The main goal is to develop educational and
methodological materials on physics using STEAM elements.

Fundamental changes in European countries, such as mobility, internationalization
of Education, introduced at an early stage, required fundamental research in the field
of Education (de Wit & Altbach, 2021:30). According to this, future specialists in
the engineering and technical sphere had to be prepared for the multilingual and
multicultural requirements of Europe. Employers considered that future specialists
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needed new skills and competencies in which foreign languages and Sciences play an
important role. The CLIL approach has been able to meet these needs by encouraging
integrated learning of languages and other areas of the curriculum (Deswila, et al.,
2020:16). CLIL provided students with the opportunity to effectively use languages
in their studies, and it was determined that in teaching physics through foreign
languages, it is possible to integrate with the following subjects: Mathematics,
Chemistry, Physical Education, biology, geography, etc (Salykov, et al., 2024: 245;
Susilawati, et al., 2023:4755).

With a systematic analysis of the scientific and methodological literature related
to the topic, you can master effective technologies for the development of subject and
communicative-language competencies (Kovrizhnykh, 2022:25; Tangirov, 2023:15).
In addition to foreign countries, the importance of the research topic remains high
in the country, and the lack of research in this direction is evidenced by the lack of
research in this direction.

Insufficient research work on the development of teaching engineering and
technical subjects, including physics in English, insufficient clear and systematic
teaching didactics, insufficient advanced technologies, teaching tools and effective
methods create many difficulties in the development of this area.

A systematic analysis of scientific and methodological works suggests that,
although the issues of using STEAM and CLIL technologies in the training of
students in engineering and technical fields in English are studied individually, the
problem of implementation based on the development of the project mechanism that
we are considering has not yet been solved scientifically. There are contradictions
between the need to use STEAM elements in order to develop students’ subject
and communicative language competence and the lack of research on the system of
teaching students based on innovative technologies in its implementation, the CLIL
methodological system and the development of their subject and communicative
language competence.

Based on these contradictions, the following research questions can be identified:

What is the mechanism for implementing the STEAM CLIL project?

What should be the educational content of the physics course for students in
engineering and technical fields?

What is the importance of mastering knowledge in the field of STEAM in English
for students?

What are the methodological features of the organization of the educational
process based on the STEAM CLIL project?

Determining the appropriate solutions to the above research questions and the
purpose of the study is the main idea of our study.

«This research has been/was/is funded by the Science Committee of the
Ministry of Science and Higher Education of the Republic of Kazakhstan (Grant
No. AP14870844)».

Materials and methods
The best articles in the field of research, scientific works and best practices in
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the field of physics, pedagogy, STEAM and CLIL were systematically analyzed in
the sources Scopus (https://www.scopus.com/home.uri), Web of science (https://
clarivate.com/cis/solutions/web-of-science/).

About 30 scientific papers identified as a result of a search on the topic were filtered
depending on the year of publication, the rating of journals, and the effectiveness of
technologies. Among the filtered articles, we will focus on the work that constitutes
the methodological significance of our research.

The purpose of E. Schietroma’s research was to describe a wide range of
scientific activities that are effectively implemented in secondary schools in several
languages. The result of the scientist’s systematic research showed that integrated
content and language learning (CLIL) has a positive effect on increasing motivation
among students, developing key competencies, and developing integration between
STEAM industries (Schietroma, 2019:186).

During the study, 100 students studying physics in the educational programs
of the Faculty of Engineering took part in the survey and control work. Data on
students are presented in the 1 table.

Table 1. Information about the participants of the survey and control work

Group Number Percentage (%) Total
Experimental |50 50% 100 (100%)
Control 50 50%
Gender female (60) 60%

Control Experimental

28 32

male (40) 40%

Control Experimental

22 18

In order to determine the need for the implementation of the STEAM and CLIL
project and the interest of students in this project, a 10-question questionnaire was
conducted. The survey was conducted in an online format using the Google form.

In addition, control work was carried out in the control and experimental groups
at the pre-and post-training stages of teaching physics. A total of 3 tasks were given
from different types of tasks. Depending on the complexity of the tasks, 3 tasks
were evaluated with 1, 3 and 6 points, respectively, in a total system of 10 points.
According to each task, the criteria were developed.

Interpretation of results:

- lower level: From 1-3 points

- middle level: From 4-6 points

- high level: From 7-10 points

3eprreyae 0i3 TOMEHACTI FRUTBIME OOIDKaMIapIbl YCHIHAMBI3:

H,,: Teaching physics based on the STEAM CLIL project has a positive impact on
the development of students * knowledge of the subject, research work and industry.

H,,: The use of STEAM projects, STEAM products in teaching physics in English
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based on the STEAM CLIL project has a very high impact on the development of
students  knowledge of the English language.

The obtained data were analyzed on the basis of the SPSS (Statistical Program for
Social Science) evaluation program.

Results and discussions

The introduction of the STEAM CLIL project into the educational process is, on
the one hand, a profound change in the educational process and its elements, and on
the other hand, in the products and tools used in the educational process. The goal
of changing the educational process based on the STEAM CLIL project is to create
a flexible and adaptive education system that meets the demands of the economy
and ensures the most complete use of the didactic potential of digital technologies.
The goal of changing the educational content of physics based on STEAM CLIL
in accordance with the requirements of the Times is to adapt to the most effective
solution of pedagogical problems set by students.

The results of a systematic analysis of the scientific literature in the field of the
STEAM CLIL project confirm that the field of physics differs from other sciences in
that more research work is carried out (Marnitcyna & Kaisheva, 2021:125). Students
in educational programs at the Faculty of engineering carry out many experiments in
the course of studying physics, acquire theoretical knowledge in accordance with this
experience, need to study in search of something new. This circumstance makes it
possible to achieve the latest results in science. Directs students to make discoveries.

For example, let’s consider the use of STEAM elements in improving knowledge
in the field of alternative energy sources, solar and wind energy in English for
students in accordance with the electric power education program.

SCIENCE

ENGINEERING Arts
Developing new products as a
result of creative thinking.

MATHEMATICS

Science
Theoretical knowledge on
solar energy:

Models in the software system
Matlab, Blender.
Math
conductsfinal work on the
product with mathematical
calculations

E )

& e I =
R S L&
: 3

photoelectric effect
phenomenon;
p-n transition;

energy conversion; "
cardboard, scissors, glue, solar

panel, pump, etc. available items

Figure 1. Features of the implementation of the STEAM project in physics teaching

In our study, we organized an increase in the level of knowledge of future

LR INT3

specialists in English — “alternative energy sources”, “sunlight and its secondary

RT3

directions”, “selected chapters of solar energy. And now let’s give an example of
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using Steam projects on the above topics and thereby effectively implementing
teaching in English, taking into account that each of steam’s approaches reflects
an area based on one or more topics. According to the main idea of this study, the
effective implementation of the CLIL strategy is presented in Figure 2 below.

nuclear reactors
Helium

solar furnace
Solar Dish

Solar Ponds

inexhaustible resource

Solar Radiation Ky pamamcst

APOTIK PeaKTopap
Temiit

YR pecype
Ky e
Kyn radasguacu

Ky oranapu

PDATHAIMACHH Tasa KoHd

Let's watch the video below and answer the questions!

1. KyHaneverTIepi dereniNiafe)
2. Explain the principle of operation of the
solar elements.

The use of solar energy
reduces our dependence

| e m

Solar energy is unreliable. The
amouni of sulighi hat arives on the

earth's surface is affected by many

factors, nchding weather, air

pollution, time of day, and time of
ear.

‘Whatis the solar element?

" on frcign soures of

COETRY.

Figure 2. CLIL strategy in teaching selected physics topics

According to the CLIL strategy, students work with English-language text texts,
terminology tasks, Dictionaries on the main photoelectric characteristics of the solar
element. Students who have mastered solar panels and the principle of their operation
in English, begin to study physical phenomena and laws in English. The degree of
mastery of the topic in English is carried out by familiarization with scientific works

related to photovoltaic batteries developed in a new way based on crystal silicon
(Figure 3).

) - \\\\ Rs /

’/’/ Yo Ol Kl Gineglgn \\\ W/_H
/sl
[ o pt n ID Ish +
| . Pl
e o Ro v
N it |

\, el Malut / -

“ Y

\"\. ~ d o

a) b)

Figure 3. Solar Panel (a) and solar panel equivalent circuit (b)

The main types of alternative energy sources are solar energy, wind energy and
water energy. Due to its favorable geographical conditions, the spread of the sun over
a wide area of the Earth’s surface, as well as the windy conditions of the country,
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Kazakhstan has high opportunities for the use of wind and solar renewable energy
sources.

Therefore, in the course of independent work of students with knowledge in the
field of solar energy, familiarization with new educational material (topic) is relevant.
The teacher can create a preliminary catalog on all the main topics of the general
physics course program, which will contain the basic concepts, phenomena and
properties of physical objects. A plan of independent work of students is drawn up.
The main sources of information on all sections and topics of General Physics, links
to electronic resources to the Internet are indicated. As a result of this independent
work, the following (main) components of subject and communicative-language
competencies (knowledge and inclinations) are formed:

- knowledge of the purpose and features of mastering new educational material
in English;

- can convert verbal information into graphic or character form in English without
any problems.

- uses theoretical materials in English to solve problems adapted to their own new
conditions. The best experienced are engaged in creative work.

Figure 4. Author’s computer model (a) and stand (b) focused on solar battery training according
to the STEAM approach

The stand device was specially developed in the STEAM Lab. This device can
perform more than 10 laboratory works. The description of laboratory work was
developed in English (Figure 4). The Stand takes the power of autonomous energy
production inside itself. It is designed not only to convert sunlight into electricity,
but also to perform the operation of the solar panel, the efficiency of the generated
energy, what variables depend on the generated electricity, what dependence of the
generated electricity on the angle of incidence of sunlight, and so on.

Students are required to know the term words on the necessary devices. Students
learn English on the principles of operation of the following equipment: AC power
source; rheostat; diode bridge; diode lamps; solar panel; Thermo sensor; controller;
Load (lamp); Radio; battery; inverter; digital thermometer; Digital Multimeter.

- AC source-provides electric current and electric lamps that are illuminated by
the solar panel installed in the device;
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- theostat-designed to amplify and reduce the light intensity of electric lamps that
are illuminated by the solar panel;

- diode bridge-converts AC to DC;

- diode lamps-instead of sunlight that is projected onto the solar panel;

- solar panel is a premature photovoltaic converter that converts the energy of
sunlight into electricity;

- thermal sensor-displays the heating temperature in the working mode of the
solar panel;

- the controller is to regulate the electric current flowing from the solar panels
to the batteries. Without a controller, solar panels can carry more energy than the
battery can take, causing it to overcharge;

- Load (lamp) is the consumer of the electric current generated by the solar panel;

- Radio-consumer;

- the battery is a generator of electric current generated by the solar panel;

- 12V voltage generated by inverter — solar panel can be increased to 220V DC

- digital thermometer-thermal sensor

In accordance with the art (A) strategy in the STEAM approach, students are
given the task of presenting the drawing as an associogram in accordance with the
knowledge in the given English text (Figure 5).

Depending on the interpretation of the new topic, incomprehensible questions are
taken from the list drawn up by students, the questions from the list can be considered
together with the teacher. Since students are already familiar with the content of the
educational material in advance, along with the traditional ones, there is an opportunity
to use innovative teaching technologies that activate students ° activities: project
Technologies, Research, game methods, case method, communicative technologies.
In addition, in practical and laboratory lectures, a model Computer experiment is
carried out, which makes it possible to study physical phenomena in English (Zheng,
2022; Rakhmetova, 2022:144).
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Figure 5. Derivative of students’ activities on the STEAM CLIL project
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Methodological features of the development of subject and communicative —
language competencies of students of the electric power educational program in the
lessons on physics during the formative experiment were organized by the above
strategy. A set of laboratory work in English, a set of generalized typical tasks in
physics have been developed. The system of tasks for independent work of students
has been adjusted. In physics, Steam has developed options for test tasks using
technologies. At the seminars of the Department of physics, issues related to the
content and structure of test tasks, criteria for assessing the effectiveness of the
process of developing the subject and communicative-language competence of the
future physics teacher and the score-rating system of academic performance were
discussed.

According to our study, three levels of education were distinguished: low, medium,
high. To obtain the results of the experiment, let’s consider the representation of the
data on an ordinal scale (table 2, figure 6).

Table 2. Indicator of students ‘ proficiency in English according to the results of survey and control
work

Comparative indicators before and after the experiment on the level of knowledge of students in
English
Levels Before the Before the experiment, | After the experiment, | After the
experiment, CG | EG (50st.) CG (50st.) experiment, EG
(50st.) (50st.)
Low 30% 15 24% 12 22% 11 10% |5
Middle 60% 30 60% 30 62% 31 46% |23
High 10% 5 16% 8 16% 8 44% |22
70%
60%
P pd //\$
40%
30% // e .
20% P \\
10% -
0%
Low Middle High
—— Before the
experiment, EG 24% 60% 16%
(50st.)
———  After the
experiment, EG 10% 46% 44%
(50st.)

Figure 6. Indicator of English proficiency of students in the experimental group

As you can see from the table and figure, in the experimental group where the
lesson was conducted according to our methodology, the number of students who
felt the need to develop subject and communicative-language competencies after the
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experiment in order to gain deep knowledge and improve their skills in the future
profession increased from 16% to 44%.

And the number of students who showed no interest in English and had difficulty
completing control tasks and scored low scores decreased from 24% to 10%.

Let us check the assumptions to compare the distribution by level of indicators
of subject and communicative-language competence of students of the Observer and
experimental group.

Table 3. The results of a paired selective t-test based on the interests of students

Category Group | Survey Mean | Standard t |Degree of |MD
M Deviation SD Freedom DF
The result of | EG before the 32 0,4 -1.5 |49 -0.870
the STEAM experiment
CLIL project after the experiment | 4,0 0,38
CG before the 33 0,35 -1.7 149 -0.1
experiment
after the experiment | 3,5 0,39

The results show that there is a difference between the control and experimental
groups. In addition, significant changes were also observed in the indicators of
survey and control work before and after the experiment. Therefore, the increase in
indicators confirms the Hy; H, hypothesis according to our research.

Conclusion

In the case of STEAM and CLIL, the role of new innovative technologies in the
professional English training of future specialists in the engineering and technical
field is important. Their use in the forms of Organization of teaching physics in
English contributes to the fact that future engineers and technicians independently
easily master phenomena and laws, apply them in practice and become creative
personalities.

The development of subjectand communicative language competencies of students
in teaching individual topics of physics in English is one of the urgent problems. The
STEAM industry will make an important contribution to the development of the
competitiveness of future physics teachers at the global level.

So, the organization of the training process in accordance with the methodological
system developed by our STEAM CLIL project arkyry showed the following features
in engineering and technical specialties:

- the transition to multi-subject communication through teaching physics in
English contributed to the transfer of students ‘ methods of action in the field of
STEAM from one goal to more goals;

- Integrated learning of the STEAM industry in English from a large amount of
problem situations in the learning process, activated thinking activities, sought to
achieve personal, competency-based learning results;

- integrated subject-language training allowed future specialists in the field of
engineering and technology to control the process of implementation of all actions,
from the goal to the result;
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- integrated subject-language learning allowed future physics teachers to gain
access to new factors that prove real observations in best practices, forming basic
knowledge in the course of studying physics;

- integrated subject-language learning contributed to the activation of educational
and cognitive activities of future physics teachers.

«This research has been/was/is funded by the Science Committee of the Ministry
of Science and Higher Education of the Republic of Kazakhstan (Grant No.
AP23488947)».
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