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THEORETICAL ASPECTS OF THE PROBLEM OF DEVELOPING 
STUDENTS' CRITICAL THINKING BASED ON STEM LEARNING
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Abstract. The rapid development of digital technologies in the context of the 
Fourth Industrial Revolution has led to the fact that, along with IT specialists, 
specialists in the field of high technologies and education have become the most 
in demand in society. The problem of the ability of future specialists in the field 
of education to apply STEM knowledge in their profession has become an urgent 
study of modern society. Nevertheless, it follows from the research in this area that 
the professional training of future specialists in STEM education, especially in the 
field of physical education, is due to the lack of labor associated with the effective 
implementation of STEM education. The main idea of our research is to determine 
the theoretical aspects of training future physical specialists in the field of STEM 
and, accordingly, to improve the methodological system of training. This article 
defines the essence and significance of the use of STEM technology in the effective 
implementation of education, the main functions and goals of its implementation in 
the educational process, the principles of STEM education. The results of the analysis 
of scientific papers, educational programs based on qualitative research methods 
used in the study showed that, along with developed countries and the Republic of 
Kazakhstan, STEM education in physics requires attention to the development of 
scientific literacy of students, thereby bringing the science and technology industry 
in the country to a high level.
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STEM ОҚЫТУ НЕГІЗІНДЕ БІЛІМГЕРЛЕРДІҢ СЫН-ТҰРҒЫСЫНАН 
ОЙЛАУЫН ДАМЫТУ МӘСЕЛЕСІНІҢ ТЕОРИЯЛЫҚ АСПЕКТІЛЕРІ
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Аннотация. Төртінші өнеркәсіптік революция жағдайында цифрлық 
технологиялардың қарқынды дамуы IT-мамандармен қатар, жоғары 
технологиялар мен білім беру саласындағы мамандардың қоғамда ең көп 
сұранысқа ие болуына алып келді. Білім берудегі болашақ мамандардың STEM 
саласындағы білімдерін өз кәсібінде қолдана алу мәселесі қазіргі қоғамның 
өзекті зерттеулеріне айналды. Дегенмен, аталған бағыттағы зерттеулерден 
STEM білім берудегі болашақ мамандардың кәсіби дайындығы, әсіресе, физика 
білім беру бағытында STEM білім беруді тиімді іске асырумен байланысты 
еңбектердің жетіспеушілігі алға тартады. Болашақ физика мамандарын 
STEM саласында даярлаудың теориялық аспектілерін айқындап, соған 
сәйкес оқытудың әдістемелік жүйесін жетілдіру біздің зерттеуіміздің негізгі 
идеясы болып табылады. Бұл мақалада білім беруді тиімді жүзеге асыруда 
STEM технологиясын қолданудың мәні мен маңызы, оны оқу үдерісіне 
енгізудің негізгі функциялары мен мақсаттары, STEM оқытудың қағидаттары 
айқындалды. Зерттеу барысында қолданылған сапалық зерттеу әдістері 
негізінде ғылыми еңбектерге, білім беру бағдарламаларына жүргізілген талдау 
нәтижелері дамыған елдермен қатар, Қазақстан Республикасында да физика 
бойынша STEM білім беруде студентттердің ғылыми сауаттылығын дамытуға, 
сол арқылы елдегі ғылым мен технология саласын жоғары деңгейге шығаруға 
назар аударуды қажет ететіндігін көрсетті. 

Түйін сөздер: STEM білім беру, сын тұрғысынан ойлау, болашақ физика 
маманы, физиканы оқыту, теориялық аспект, технология
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Аннотация. Стремительное развитие цифровых технологий в условиях 
Четвертой промышленной революции привело к тому, что наряду с IT-
специалистами наиболее востребованными в обществе стали специалисты 
в области высоких технологий и образования. Проблема способности 
будущих специалистов в области образования применять знания в области 
STEM в своей профессии стала актуальным исследованием современного 
общества. Тем не менее, из исследований данного направления следует, что 
профессиональная подготовка будущих специалистов в STEM-образовании, 
особенно в области физического образования, обусловлена отсутствием 
труда, связанного с эффективной реализацией STEM-образования. 
Основной идеей нашего исследования является определение теоретических 
аспектов подготовки будущих физических специалистов в области STEM и, 
соответственно, совершенствование методической системы обучения. В данной 
статье определены сущность и значение применения технологии STEM в 
эффективной реализации образования, основные функции и цели ее внедрения 
в учебный процесс, принципы обучения STEM. Результаты проведенного 
анализа научных работ, образовательных программ на основе качественных 
методов исследования, использованных в исследовании, показали, что наряду 
с развитыми странами и Республикой Казахстан STEM-образование по физике 
требует внимания к развитию научной грамотности студентов, тем самым 
выводу отрасли науки и технологий в стране на высокий уровень. 

Ключевые слова: STEM-образование, критическое мышление, будущий 
специалист по физике, преподавание физики, теоретический аспект, технологии 

Introduction 
In the context of the Fourth Industrial Revolution, due to the emergence of a 

large number of digital tools, the applicability of physics in various fields of modern 
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Natural Sciences began to increase rapidly. As a result of meta-analysis of articles 
in high-ranking journals in recent years, we can take as a basis the works of several 
scientists who have studied the problems of teaching knowledge in the field of 
physics in connection with STEM technology (Bunyamin et al., 2020; Devanda & 
Elizar, 2023). From scientific works on the world stage, it is reflected that the results 
obtained on the topic of research are used as generalizing recommendations and are 
not organized in a clear systematic way, within the framework of certain physical 
disciplines. At the same time, from the works of domestic scientists, it follows that 
the concept of creativity is often used as a concept of creativity, and there is a small 
number of studies on the problems of using this concept in the fields of teaching 
technical disciplines. The results of our preliminary research contribute to the 
identification of the need for the formation of creativity of future physics specialists 
and the possibilities of its development. Although the problems of forming students 
' creativity are studied only on the example of teaching certain sections of physics, it 
is obvious that these studies will make it possible to conduct systematic searches in 
this area (Salamanca et al., 2023).  

From the works and concepts analyzed on the subject of the study, it can be 
concluded that creativity is one of the qualities that students in the field of physics 
need to possess. However, the technologies for the systematic development of the 
creativity of future physics specialists in the framework of a particular discipline, 
the mechanisms for its effective implementation are not defined. We use STEM 
education as an advanced technology to solve this current lack of knowledge, that is, 
to form students ' knowledge in the field of physics in the conditions of Industry 4.0 
and develop their creativity indicators. 

One of the basic principles of STEM – based learning is to teach future physics 
specialists to master industrial practice and methodically complex research methods. 
Researchers have shown that the knowledge and experience gained from mastering 
the STEM approach is more important than any other experience (Badeleh, 2021). 
The second important point is the development of industrial business, that is, access 
to new ideas in response to production tasks. However, the assessment of the potential 
of STEM technology, the development of indicators of creativity of future physics 
specialists in fulfilling the requirements of Industry 4.0, remains an urgent problem 
at the world level.

According to the research topic, there is insufficient research on the methodological 
system, implementation mechanisms for using the capabilities of STEM technology 
in the development of creativity of future physics specialists. Specifically, physics is 
promoted by the fact that didactic models in the field of developing students ' creativity 
in teaching disciplines in the educational program have not been developed, STEM 
technology is not combined with the concept of "creativity", there are no disciplines 
in educational programs that contain the concepts of Industry 4.0 and thereby 
contribute to the formation of future physics specialists as creative individuals in 
industrial activities, there is a lack of educational and methodological complex and 
educational materials in disciplines. The first step in meeting the above needs is 
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to determine the impact of STEM education on the effective implementation of 
academic disciplines in the training of future physics specialists. Therefore, the first 
step of our research was to identify the essence and significance, functions and goals, 
features of STEM learning through a systematic analysis of the scientific literature.

If the teaching methodology for the development of STEM knowledge of future 
physics specialists on the basis of STEM technology in educational institutions is 
theoretically based, the use of STEM Technologies is provided scientifically and 
methodically, then the features of the use of STEM education in specific physical 
disciplines will be determined, and this will increase the possibility of improving 
students ' readiness to meet the requirements of Industry 4.0 by creating STEM 
products in the future educational process. 

Research methods
In the course of the study, the criteria for searching and grouping literature were 

selected articles written in English, Kazakh, Russian, indicating the terms "STEM 
education", "physics teaching", "Effectiveness" in the title, annotation or keywords, 
indicating methods for assessing creativity, presenting conclusions about the impact 
of STEM education on creativity. The collection of literature was carried out in 
the first half of 2023 through the web of Science and Elsevier's Scopus databases, 
domestic publications. In the collection of literature, publications for the last five 
years from 2019 to 2023 were taken into account. The stages of the research process 
are as follows: 

The refinement and approach stage was aimed at developing a justification for 
reviewing articles related to the effectiveness of Project Learning, integrating STEM 
into physics knowledge, defining research questions, article criteria, and forming 
a research structure. At the search and selection stages, articles were collected 
explaining the effectiveness of the project-based STEM learning approach in physics 
education. The search for journals was carried out using "Google Scholar". To ensure 
the quality of peer-reviewed articles, authors limited themselves to selecting articles 
only from reputable international journals. As a result, the authors found more than 
a hundred articles related to STEM in physical education. However, the authors 
selected only 30 articles for review. At the stage of analysis and interpretation, the 
authors analyzed the manifestation of the characteristics of the study. The results of 
the data analysis were then described using tables and diagrams. At the final stage, the 
results of the data analysis were developed in the form of a draft article. The results 
of these studies were focused on identifying the features of STEM project learning 
in the effective implementation of education in accordance with the research topic.

Research results and discussion
This study proposes a study according to its general characteristics, including the 

type of publication, year of publication, research approach and level of knowledge. 
Based on the data obtained, it can be concluded that the articles selected for 
systematic analysis are exclusively from international journals. We present the results 
of the analysis on the literature, which made it possible to identify the essence and 
significance, goals and principles, features of STEM education in teaching physics:
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- The STEM-PBL integrated physical module showed a significant increase in 
students ' personal interest, as well as post-intervention thinking and effort (Sulaiman 
et al., 2023);

- The effectiveness of using the learning model through STEM-based managed 
queries is evidenced by high indicators of scientific literacy of students (Saputro, 
Wasis & Prastowo, 2023);

- The results of the study show that the development of students' interest in STEM 
careers is an epigenetic phenomenon that involves complex interactions between 
internal factors and external factors (Balta et al., 2023);

- The results of the study represent the development of stem integrated physics 
electronic modules to improve the skills of students in the 21st century, designed in 
such a way that they can be used in practical learning (Haryadi & Pujiastuti, 2022); 

- STEM literacy is assessed differently depending on gender differences. Boys 
are better at STEM literacy than girls when studying the natural sciences, especially 
laboratory work in basic physics (Nurramadhani, 2020);

- Learning based on STEM projects has a beneficial effect on students ' creativity 
(Hanif et al., 2019).

All of the articles considered used different research methods, such as qualitative, 
quantitative and combined methods. The most widely used research approach 
in the literature is quantitative methods. And the least used research method is 
qualitative methods. From the works of many scientists, we have noticed the use of 
mixed methods as approaches to research. The researchers used tests, interviews, 
questionnaires, observation, audio/video recording tools, etc.to collect the data. The 
results of the analysis show that the implementation of research using STEM-PJBL in 
teaching physics is still very limited at the university level. This study also analyzes 
the effectiveness of STEM-PJBL in the study of physics. A review of the previous 
literature only looked at the effectiveness of implementing project-oriented learning 
models (PJBL) in STEM education. This study is analyzed with more specific 
coverage than previous studies, in particular, the effectiveness of STEM-PJBL in the 
study of physics is studied. This study explains the effectiveness, features of STEM-
PJBL based on the author's characteristics, article title and Article results.

After analyzing the scientific literature, we took into account the need to use the 
following aspects in the training of future physics specialists on the basis of STEM 
design: 

1.Clarification of the target level of mastering basic knowledge in accordance 
with the educational program.

When developing a lesson plan based on STEM on topics related to a physical 
phenomenon, teachers must first clearly define the purpose of the course and the 
degree to which students master it. In order to master the goals of training, teachers 
should consider the task of creating various difficulties in drawing up a curriculum. 
That is, it should be set several times in the curriculum in order to allocate fewer 
hours for easy learning goals, and to highlight the main points for deeper learning 
goals.
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2.Develop easy-to-learn STEM projects or create life-related cases to achieve 
learning outcomes goals.

STEM classes differ from traditional teaching in that they are mainly implemented 
in the form of project-based learning. STEM is project-based in the learning process, 
but mainly uses the tools and facilities available to it to develop easy-to-master 
micro-projects so that students can complete a project in a week or two or solve a 
practical problem.

3.Creating an assessment mechanism based on STEM education.
When planning STEM classes, attention should be paid to creating a final 

assessment mechanism. According to the content of the training topic, the learner 
must report on the implementation of the project, be able to present production 
results and even write a summary of failures.

The idea of an in-depth study of the essence of STEM education is based on the 
cumulative effect associated with the consideration of problem-based and project-
based learning. Thus, the knowledge, skills and experience gained by future physics 
specialists during the study of previous sections, combined with the knowledge 
gained during the study of subjects in accordance with educational programs, 
strengthens their motivation to study. These knowledge, skills and experience gained 
by future physics specialists will not only be applied, but will also teach you how to 
develop a qualitatively new result of educational activities – STEM products. This 
process is implemented step by step through the study of the forms and methods of 
STEM education.

In the table below, you can see the functions and goals of introducing STEM 
technology into the physics learning process (Table 1). 

Table 1 - The main functions and objectives of the implementation of STEM technology

Main functions STEM technology implementation goals
1 2

Informational reference 
function

The possibility of obtaining extended access to educational material; 
Comfort of perception of the material; 
Easier navigation in the material.

Control and training function The ability to test knowledge; Various testing modes to identify "black 
holes" in self-learning.

The features of STEM education in the training of future physics specialists are 
as follows:

- The possibility of effective implementation of integrated training not in 
individual subjects of the physics educational program, but in topics corresponding 
to its content;

- Application of scientific and technical knowledge gained in Physics in real life;
- Development of critical thinking and problem-solving skills of future physics 

specialists;
- Formation of confidence in the abilities of future physics specialists;
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- Effective implementation of active communication and teamwork based on 
STEM;

- Development of interest in technical disciplines of future physics specialists;
- Increase the ability to integrate creative and innovative approaches to STEM 

projects;
- Development of motivation for technical creativity through their activities, 

taking into account the age and individual characteristics of each student;
- Professional orientation;
- Preparation of future physics specialists for the technological innovations of 

life.
In general, the results obtained during the implementation of scientific research in 

this direction will allow us to find solutions to pressing world-class problems, such 
as the impact of the 4th Industrial Revolution on education systems.

An urgent problem of the future is the development and inclusion in the 
educational process of new STEM-based disciplines in educational programs for 
the training of future physics specialists in the direction of training in physical and 
Chemical Sciences in higher educational institutions of the Republic of Kazakhstan.

Conclusion
The results of this research work showed that it would allow enriching among 

future physics specialists with activities aimed at developing scientific thinking 
related to the concept of STEM technology. Our preliminary research, as well as based 
on the results of research in the scientific literature, it can be seen that when studying 
the impact of STEM project learning on the training of future physics specialists, it 
is increasingly interested to provide STEM products as auxiliary teaching materials. 
Therefore, by organizing STEM content-based disciplines, it can be seen that this 
contributes to the integration of general disciplines, developing the ability to find and 
solve problems. The data obtained from the study will be presented for use in higher 
and secondary education institutions, and these results will serve as the basis for 
research in a new direction in the field of physics education. The data obtained in this 
article allows us to describe new scientific and methodological problems that need 
to be studied in the future within the framework of the research topic: that is, the 
gap between creativity education and STEM education, obstacles to the introduction 
of elements of Industry 4.0 into the education system and its development in the 
labor market; a small number of disciplines focused on industrial knowledge in 
educational programs; the need to focus on the production development of creative 
indicators of future specialists of physics and the lack of a methodological system for 
its implementation; in the training of future physics specialists, STEM allows you to 
solve the problems of introducing disciplines and the development of activities such 
as critical thinking in teaching, lifelong learning and information management.
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