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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 



51

ISSN 1991-3494                                                            	 2. 2025

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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Аннотация. Бүгінгі таңда білім беру үдерісінде пәнаралық және тілдік 
кіріктіруді қамтамасыз ететін инновациялық әдістердің бірі ретінде STEAM 
CLIL (Science, Technology, Engineering, Art, Mathematics + Content and 
Language Integrated Learning) жобасы ерекше маңызға ие болуда. Бұл тәсілдер 
инженерлік-техникалық бағыттағы мамандарды даярлауда оқу үдерісінің 
тиімділігін арттыруға бағытталған. STEM CLIL тәсілі әсіресе, болашақ 
физика мамандарының 21 ғасырдағы жұмыс берушілердің талаптарына 
сәйкес даярлығын жетілдіруге зор ықпал етеді. Дегенмен, аталған тәсілдерді 
қолданудың әдістемесін жетілдіру қазіргі білім берудің өзекті салаларының 
біріне айналды. Сондай-ақ, бұл зерттеу жұмысының өзектілігі еліміздегі 
техникалық білім беру жүйесін жаһандық талаптарға бейімдеу және болашақ 
инженерлер мен мұғалімдердің кәсіби құзыреттілігін арттыру қажеттілігінен 
туындайды. Зерттеудің мақсаты – инженерлік-техникалық мамандықтарға 
арналған білім беру бағдарламаларында физиканы STEAM CLIL негізінде 
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оқытудың ерекшеліктерін айқындап, оны STEAM CLIL моделі негізінде тиімді 
ұйымдастырудың жолдарын ұсыну болып табылады. Зерттеу барысында 
жүйелі талдау, педагогикалық модельдеу секілді теориялық әдістермен қатар, 
эмпирикалық зерттеу әдістері – сауалнама, бақылау және педагогикалық 
эксперимент қолданылды. Нәтижесінде STEAM CLIL жобасын физиканы 
оқытуда қолданудың құрылымдық моделі ұсынылып, ағылшын тілінде 
оқыту барысында студенттердің пәндік және тілдік дағдыларының қатар 
дамуына ықпал ететіні анықталды. Білім алушылардың оқу мотивациясы мен 
академиялық жетістіктері артқаны сауалнама және бақылау нәтижелері арқылы 
расталды. Бұл зерттеу нәтижелерін орта және жоғары оқу орындарындағы 
физиканы оқытуда, сондай-ақ мұғалімдердің біліктілігін арттыру курстарында 
кеңінен пайдалануға болады. Зерттеу жұмысы техникалық мамандарды 
заманауи білім беру талаптарына сай даярлауға мүмкіндік береді.

Түйін сөздер: физиканы оқыту, STEAM білім, CLIL, ағылшын тілі, оқыту 
үдерісі,  цифрлық ресурс, STEAM өнім.
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Аннотация. Проект STEAM CLIL (Science, Technology, Engineering, Art, 
Mathematics + Content and Language Integrated Learning) приобретает особое 
значение как инновационный подход, обеспечивающий межпредметную и 
языковую интеграцию в образовательном процессе. Данный подход направлен на 
повышение эффективности подготовки инженерно-технических специалистов, 
в частности будущих физиков, отвечающих требованиям работодателей XXI 
века. Совершенствование методики его применения является актуальной 
задачей современного образования в условиях глобализации и роста требований 
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к профессиональной компетентности инженеров и преподавателей.
Цель исследования — выявить особенности преподавания физики на основе 

модели STEAM CLIL в инженерно-технических образовательных программах 
и разработать пути её эффективной реализации. В работе применялись 
теоретические методы (системный анализ, педагогическое моделирование) 
и эмпирические методы (анкетирование, наблюдение, педагогический 
эксперимент). В результате предложена структурная модель внедрения 
STEAM CLIL в обучение физике. Установлено, что обучение на английском 
языке способствует параллельному развитию предметных и языковых 
навыков студентов, а рост учебной мотивации и академической успеваемости 
подтверждён результатами опросов и наблюдений. Результаты исследования 
могут быть использованы при преподавании физики в учреждениях среднего 
и высшего образования, а также в курсах повышения квалификации 
преподавателей, что позволит готовить технических специалистов в 
соответствии с современными требованиями образовательной системы.

Ключевые слова: обучение физике, STEAM образование, CLIL, английский 
язык, процесс обучения, цифровой ресурс, STEAM продукт.

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
28

Experimental
32

male (40) 40%
Control
22

Experimental
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
Зерттеуде біз төмендегі ғылыми болжамдарды ұсынамыз:
H01: Teaching physics based on the STEАM CLIL project has a positive impact on 

the development of students ‘ knowledge of the subject, research work and industry. 
H02: The use of STEАM projects, STEАM products in teaching physics in English 
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based on the STEАM 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. 

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

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).

     
                             а)                                                              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.

   
а)                                                                                   b)

Figure 4. Аuthor’s computer model (а) 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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-  rheostat-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 (А) 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).

 

     
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
experiment, CG 
(50st.)

Before the experiment, 
EG (50st.)

After the experiment, 
CG (50st.)

After the 
experiment, EG 
(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

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

M
Standard  
Deviation SD

   t Degree of 
Freedom DF

MD

The result of 
the STEAM 
CLIL project

EG before the 
experiment

3,2 0,4 -1.5 49 -0.870

after the experiment 4,0 0,38
СG before the 

experiment
3,3 0,35 -1.7 49 -0.1

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 H01, H02 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 subject and 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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