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STEAM TECHNOLOGY AS A TOOL FOR DEVELOPING CREATIVITY OF
STUDENTS: ON THE EXAMPLE OF A SCHOOL PHYSICS COURSE

Abstract. Physics as a discipline has a great influence on the development of science and
technology, engineering. A student who has worked in physics lessons with equipment and
conducted experimental observations of phenomena with physical laws will be ready to perform
any practical actions. The lack of demonstration rooms or equipment failure in schools create many
obstacles. As a result, the graduate of the school becomes less interested in choosing technical and
engineering specialties. One of the urgent problems in the school physics course is the preparation
of students who are able to clearly search for physical laws and phenomena, conclusions, questions
and reasons, assimilate information through the right choice of scientific literature and achieve new
results, inclined to work with advanced technical equipment. The aim and the leading idea of our
research is to develop the training of students in the field of physics based on STEAM education, to
identify problems of weakening of natural-technical and engineering components in secondary
school. In the course of the study, the world practice of STEAM was studied, a literature review
based on articles in academic databases was conducted. The results of the study showed a lack of
knowledge in the academic literature in this area. The article presents didactic conditions for the
development of advanced technology for teaching a school physics course based on STEAM, the
possibility of increasing the number of creative students who are able to work on various projects
leading to new ideas. The results of the study allow us to create high-tech products based on
STEAM at school bases.
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STEAM TexHoJI0rusichl OiJTiMrepJiepaiH KpeaTuBTUIINH JaMbITY KYPaJibl peTiHae:
MeKTen (U3UKa Kypchbl MbICAJTBIHAA

AngaTtna. Ou3uMKa IOH pETiHAe, FbUIBIM MEH TEXHUKAHBIH, HHXKEHEPIIK cajalapably
JaMyblHa 30p BIKNan ereai. Pusmka cabakTapblHAa Kypajl >KaOIbIKTApMEH >XYMBIC Kacail,
(bUBUKAIBIK 3aHIapMEH KYOBUIBICTApAbl SKCIEPUMEHTTIK Oakpliaysaap/iaH ©TKI3KeH OurMrep kes-
KeJIreH MPaKTUKAJIBIK 1C-opeKeTTepAl OpbIHAayFa JaibiH Oosaasl. MeKTenTep/e 1eMOHCTPALUSIIBIK
KaOMHETTEep/iH JKETICIIeYIIUNrT HeMece Kypal >KaOIbIKTapAblH ICTEH IIBIFybl KONTETCH
Kenepriyiepai Tysinaatanasl. COHBIH cangapbiHaH MEKTEI OITIpyIIi TyJIeK TEXHUKAIBIK - HHKCHEPIIIK
MaMaHAbIKTap/Ibl TaHJay KbI3bIFYIIBUIBIFEI TOMEH Oonaabl. Mekren ¢u3nka KypcbiHaa (GU3HKaIbIK
3aHIap MEH KYOBUIBICTapAbl, TY)KBIPBIMIAPIbI, CYpaKTap MeH ceOenTepiai HaKThl i37ei ajaTblH,
FBUIBIMU 9I€OMETTEpAl IyphIC TaHAAy apKbLIbl aKMapaTThl MEHIEPETIH KOHE KaHa HOTHXKelepre
KOJI )KETKi3€ ajaThlH, O3bIK TEXHHKAJBIK Kypasl — >XKaOJbIKTapMEH XYMBIC jkacail amyra Oeitimui
OKYIIBLIAP/IBI Aafgpiay ©3eKTi Macenenep iy 0ipi 6omnbin Tabsaasl. STEAM 6inim 6epy HeriziHzae
OKYIIBUIAPJBIH (DU3MKA CaJachIHAAFBl NASPIBIFBIH JIaMBITY, OpTa MEKTENTEAE KapaTbUIBICTAHY-
TEXHUKAJIBIK JKOHE MHXKCHEPJIIK Kypamaac OeJiKTepiHiH aJcipeyl MacelenepiH alKbplHaay O1371iH
3epPTTEYIMi3/IiH MaKCcaThl XKOHE JKETEKII UAeschl 00ibIn Tadbbutanpl. 3eprrey Oapbicbinna STEAM-
HIH ONeMIIK MpaKTUKAChl 3epAeNieHIl, aKaJeMUSUIBIK MolliMeTTep Oa3achlHIarbl Makajallapra
HETI3JIeNITeH 9ICOMEeTTepre IOy YKACAIBIHABL. 3epTTEY HOTHXKENIePl OCHl cajaarbl aKaJeMHUSIIBIK
onebueTTepae OUTIMHIH >KETKUTIKCI3AIriH kepceTTi. Makanaga mekren ¢usmnka kypcbiH STEAM
HETi31H/Ie OKBITYABIH O3bIK TEXHOJOTHSCHIH JKacayblH TUAAKTUKAJIBIK IIapTTAPHI, )KaHa HesIapra
KETEJNEeUTIH op-Typil >koOarapMeH KYMBbIC *acayFa KaOuIeTTi KpeaTHBTI OuTiMrepiepiiH CaHbIH
YIFAUTYABIH MYMKIHAIKTEpl KenTipuiai. 3eprrey HoTmxkenepi Mekten Oazamapeiaa STEAM
HET131H/1e J)KOFapbl TEXHOJIOTUSUIIBIK OHIMI1 KYpYFa MYKIHJIIK Oepei.

Kinr ce3nep: STEAM TexHosiorusi, KpeaTUBTUIIK, MeKTen (u3MKacel, OuIIMrep,
JUTaKTUKANBIK [IapT.
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Texnosorns STEAM kak cpeacTBO pa3BUTHS KPEeaTHBHOCTH 00y4aIOLIUXCS:
Ha NMpUMepe HIKOJIbHOI0 Kypca (pu3uku

AnHoTanus. Ou3MKa KaK JUCIUIUIAHA OKa3bIBaeT OOJBIIOE BIMSHUE HAa Pa3BUTHE HAYKH U
TEeXHUKHU, HHXeHEpHOU cepsl. OOyuaromumiics, paboTaBIIMiA Ha ypokax (PU3MKH ¢ 000pyA0BaHHEM
¥ TIPOBOJIMBIIMK JKCIIEPUMEHTATbHBIE HAOTIOACHUS SBICHUN C (PU3MUECKUMH 3aKOHAMH, OynIeT
TOTOB K BBIMOJHEHUIO JTIOOBIX MPpakTHYECKUX JeicTBUil. HexBaTka 1eMOHCTpallMOHHBIX KaOWHETOB
WIN OTKa3 O00OpyJOBaHHMsS B INKOJAX CO3MAIOT MHOXKECTBO mpemarcTBuid. Kax ciexcrtsue,
BBIMYCKHUK IIKOJbl CTAHOBUTCSI MEHEE 3aHMHTEPECOBAHHBIM B BbHIOOpE TEXHUKO-MHKECHEPHBIX
crieranbHOoCcTel. OAHOW W3 aKTyalbHBIX TNPOOJIEM B IIKOJBHOM Kypce (HU3UKH SBISCTCS
MOJrOTOBKA YyYallluXcs, CIIOCOOHBIX YETKO HMCKaTh ()M3WYECKHE 3aKOHBI U SIBICHUS, BBIBOJHI,
BOIIPOCHI ¥ TIPUYMHBI, YCBaNBaTh MH(OPMALIUIO Yepe3 NMPABWIBHBINA BEIOOP HAyYHOH JINTEPAaTypsl U
JOOMBATHCSL HOBBIX PE3YJIbTATOB, CKJIOHHBIX K pabOTe C MePeIOBBIM TEXHHUECKUM 000PYAOBAHHEM.
Llenpro u Bemymued Maeei HaIIEro HMCCIEAOBAaHMS SBISIETCS pa3BUTHE MOATOTOBKHM YUYaIIUXCS B
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obnactu ¢usuku Ha ocHoBe STEAM-06pa3oBanusi, BEISIBJICHHE [TPOOJIEM OCIIa0ICHUS €CTECTBEHHO-
TEXHUYECKOM M MH)KEHEPHOW COCTaBIIOIIMX B CpelHell Iikojie. B xoxe uccinenoBaHus Oblia
n3ydeHa wmwupoBas mnpaktuka STEAM, mnpoBemeH o0030p JWTEpaTypbl Ha OCHOBE CTaTed B
aKaJeMUYeCcKnX 0a3ax JaHHbIX. Pe3ynpTaThl HCCIEIOBaHUS TMOKa3ajdd HEIOCTATOK 3HAHUNU B
aKaJeMHYeCcKOl JuTeparype B 3Toil obnactu. B craThe mNpuBeAEHBI TUIAAKTUYECKHE YCIOBUSA
pa3paboTKu TepeaoBON TEXHOJOTHH OOydYeHHUs INKOJIbHOro Kypca ¢usuku Ha ocHoBe STEAM,
BO3MOXXHOCTH YBEJIMYEHHS YHCIA KPEaTHBHBIX OOydYalolIUXcs, CIOCOOHBIX paboTaTh Hal
pPa3IMYHBIMU TPOCKTAMH, BEIYIIMMH K HOBBIM HesM. Pe3ynbTaTbl HCCIEAOBaHUS IMO3BOJISIOT
CO3/1aTh BEICOKOTEXHOJIOTHYHYIO MpoayKIuio Ha 6aze STEAM Ha mkoabHBIX 0a3ax.

Kiarouessbie ciioBa: STEAM texHoNOTHUs, KpEaTHBHOCTD, IKOJIbHAS (PU3UKA, 00YJIAFOIIHIACS,
TUIAKTUYECKOE YCIOBUE.

Introduction

The formation of a young generation with developed creativity, capable of meeting the
requirements of the labor market in a dynamically developing society of science and technology, is
a vivid manifestation of solving important problems.

Taking into account the high correlation of the latest achievements of technical and
engineering areas with physics, we are convinced of the relevance of teaching physics based on
STEAM. One of the basic principles of STEAM education is the assimilation of students'
experience and research methods, which are methodologically complex. Researchers have shown
that the knowledge gained as a result of mastering the STEAM approach and such experience is
more important than any other experience. The second important point is the development of the
engineering business, that is, the achievement of new ideas in response to production tasks. Within
this position, the student masters the search for solutions to specific problems and their
construction.

The joint work of the Physics Department of Khoja Akhmet Yassawi International Kazakh-
Turkish University and the Sakarya University of the Republic of Turkey continues in this
direction. Two doctoral students and four undergraduates have completed dissertation research at
the departments in this area of research. As a result, the «Physics Handbook» applications were
launched, some elements of robotics were developed using 3D printing, some equipment of
STEAM classrooms was developed. Other digital resources and teaching materials have gone out of
print, most of the faulty physical equipment has been updated and launched using 3D printers. This
contributes to the development of students' creativity indicators [1-2].

Creativity and its characteristics, according to many authors, are associated with a set of
personality qualities manifested in real professional activity [3-4].

When teaching physics, it is necessary to create conditions for the effective inclusion of self-
taught students in the creative process. This is due to the fact that the creative potential of the
individual develops in cognitive activity. The difficulty here lies in the organization and regulation
of the creative process, which forms ideas about the creative independence of the individual.

Studying the scientific literature on creativity, one can point out two main directions that have
historically developed in modern science. The first direction is associated with the consideration of
creativity from the side of the general psychological and conceptual direction:

- The methodological foundations of the psychology of creativity are studied,;

- Methods for diagnosing creativity are developed;

- Methods of forming a general psychological theory are implemented,;

- The mechanisms of the laws of creative activity are determined.

The second direction of the study of creativity will be aimed at identifying and characterizing
the abilities of a person in creative activity. Creativity and its characteristics, according to many
authors, are associated with a set of personality traits that are reflected in specific professional
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activities. In modern research, there is a pace of considering creativity as a complex of intellectual
characteristics inherent in each individual.

However, according to the research topic, there is not enough research on the methodology
for using STEAM opportunities in developing students ' creativity.

Especially in the teaching of disciplines in the technical and Natural Sciences, Engineering, in
particular physics, there is no clear didactic systems in the field of development of creativity of
students, the absence of a combination of STEAM educational technology with creativity in
teaching.

In the direction of considering the joint integrative multilingual practice of STEAM in
educational institutions of Japan, D. Oyama M. Moor conducted a study by D. Kitano Y. Fujita [5].
The physical phenomena and patterns are explored by Rico na, Arevalo N. [6], organizing
entertainment fairs using LEGO educational maps and STEAM elements.

However, in the conditions of today's rapid pace of Science and technology, the methodology
of teaching students on the basis of the development of creativity through the use of STEAM
education does not fall into a single system, but is formed at the level of individual
recommendations.

In the resolution of the Government of the Republic of Kazakhstan dated December 27, 2019
No. 988 on approval of the state program for the development of education and Science for 2020—
2025:

-it was noted that schools will be equipped with classrooms for:

Chemistry,

Biology,

Physics,

STEAM classrooms.

There are contradictions between the need to use STEAM educational technology in order to
develop students ' creativity and the lack of a methodological system for realizing this need and
research on the organization and conduct of the educational process on the basis of effective
methods and Means.

The search for a solution to these contradictions is the goal and the main feature of our
research.

To determine the theoretical foundations for the development of students ‘creativity on the
basis of STEAM education, to determine the didactic system of teaching on the basis of the
development of students’ creativity on the basis of the school physics course. In addition, STEAM
influences the development of learning tools based on educational technology and the development
of their application conditions.

Research methods

In order to identify the problems associated with the use of STEAM technology in teaching
the school physics course and better understand the concept of creativity, a 2-step review of the
literature was conducted. Reliable peer-reviewed articles from the Scopus and ScienceDirect
databases were selected as bibliographic sources, and stages related to the special coverage of the
study were implemented.

The key words selected to search for materials are as follows:

1-keyword: «<STEAM technology»;

2-keyword: «STEAM education and physicsy;

3-keyword: «Creativity»;

4-keyword: «School physics coursey.

During the study, articles from magazines were analyzed using these keywords. The topics
and theses of the collected articles were carefully studied, the filtered articles were used in writing
the descriptive concepts presented in the discussion section (table 1).
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Table 1 — Stage of activities in the course of the study

Stages Actions

Stage 1 - Search for articles by keywords and evaluate the content;

- working with websites scopus.com, sciencedirect.com (Scopus
ScienceDirect);

- Analysis of annotations of individual articles on the above four keywords.

- Search for articles by linking keywords. «<STEAM technology» AND
«STEAM education and physics» AND «Creativity»

Stage 2 - Analysis of articles collected from databases and evaluation of
conclusions
Stage 3 - Conclusion on the analyzed articles

During the study, a total of 30 articles were collected, of which 18 were selected. Of the 18
articles, an analysis of the annotations of 14 articles was carried out, and the remaining 4 articles
were studied in full. The analysis of philosophical, psychological, pedagogical and methodological
literature on the basis of theoretical research methods was aimed at determining the indicators of
creativity of students, determining the didactic conditions for the development of creativity on the
basis of STEAM.

Results and discussion

Creativity and its characteristics, according to many researchers, are associated with a set of
personality traits that are reflected in specific professional activities. In modern research, there is a
pace of considering creativity as a complex of intellectual characteristics inherent in each
individual.

From the analysis of scientific papers, among the most common definitions of understanding
creativity, one can select the most effective ones for use by students in teaching a school physics
course (Figure 1).

Creativity is the I-actions of a person that form new,

unique values;

Creativity is a product expressed as a formation in the
consciousness and order of the subject, the creation of something
new.

Figure 1 — Definitions characterizing the need to develop students' creativity
in teaching physics
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In our research, the concepts of «creativity» and «creativity» are two separate worlds. The
creative process is based on the inspiration of the author, his abilities and traditions. And since the
main component of the creative process is the pragmatic element, the question arises of why, for
whom and how to make a novelty.

Studying rreative learning, along with the psychologo-pedagogical basis for the construction
of Education, consider its psychological connection with the teacher and form two main
psychological conditions that contribute to cognitive creativity:

1) What is necessary to achieve psychological security:

a) recognition of the unconditional value of the person;

b) the result of his labor;

c) sharing the understanding and feeling of the inner world of a person.

2) psychological freedom, achieved through the full expression of feelings and situations,
thoughts through symbols.

From the above features of the formation of creativity, we have identified in our research the
forms of STEAM training aimed at the formation of creativity (Figure 2).

Types of physical research activities that can be implemented on the

basis of STEAM
Writing abstract Writing an article, Graduation work on a
works on physical essay on a physical topical topic related to
phenomena and topic the field of physics
patterns by STEAM
Writing term papers Preparation of
Write a scientific on physical scientific projects in
report, comment on phenomena and the field of physics of Conducting an
the discoveries in the patterns high importance that experiment to track
field of physics that meet the needs of physical phenomena
are taking place in society and patterns on the
society basis of STEAM

Figure 2 — Types of physical research activities that can be implemented
on the basis of STEAM

Within the framework of our research, the content and technological (STEAM) aspects of the
formation of creativity of students are identified.

Creativity is the ability to solve problems in the practical application, because the situation
with decision-making requires a person to think creatively. And creativity in the field of STEAM
technologies in relation to the activities of specialists in the field of physics is reflected in the
search, accumulation, processing of necessary information, attracting experience for it, coordination
of new structures that help determine the solutions to ten problems.
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Thus, creativity allows you to solve more complex problems, the ways of solving which are
considered in the sweat of the personality characteristics of the subject and are somewhat or
completely unknown. according to many researchers, abilities, including creative abilities, can be
developed through special training.

Markus, L., Sungkim, S., & Ishak, Mohd. Z. B. in their research, they identified the expected
concerns and concerns of teachers and students in the study and simplification of quantum physics
in high school when they introduced STEAM integrated learning. The difficulties of studying and
simplifying quantum physics cause serious misconceptions among teachers and students. The
solution to this difficulty is considered using interactive modeling and practical experiment. This
article presents the theoretical basis for developing a training module with integrated STEAM
elements to make quantum physics a meaningful study. The proposed theoretical framework has
several advantages, including guidance on the planning of the training module applied to classroom
activities and explanation of the topic using the 5e learning model [7].

However, further research is needed to test the design of the training module, ease of Use and
the effectiveness of teaching and simplification in the classroom.

The natural sciences curriculum has undergone many reforms to keep with scientific and
technical development, the «STEAM» approach is considered one of the most important global
movements and approaches to curriculum development. Enriching the content of the physics
curriculum within the framework of the «<STEAM» approach with activities aimed at developing
science fiction among students is one of the most important goals of scientific and technological
progress in the future [8].

As a result of the research of domestic scientists G. Kazbekova and Zh. Ismagulova, within
the framework of the topic Formation of Innovative STEM-education, shows the main factors of
reforming education in the STEM direction.

The authors also highlight the main benefits of «<STEM educationy in the order below:

- It allows us to show the relationship between the disciplines of the physical-mathematical

and natural science cycle both in theory and in practice;

- The ability to achieve high productivity through the use of scientific and technical
knowledge in practical activities. Students will be able to create and build prototypes of
real products in the classroom;

- STEAM programs allow students to solve various problems, independently propose
solutions necessary to overcome emerging difficulties;

- Develops communication skills, teaches to work in a team;

- The organization of STEM classes attracts students from all over the world to study
mathematics, physics and other subjects [9].

In our study, we present didactic conditions, identifying the importance of STEAM

technology in the development of creativity.

- offer additional topics on STEAM to the physics teaching methodology;

- in order to form the creativity of students, to organize their work on STEAM and on their
own in such a way that they understand the knowledge;

- to determine the interdisciplinarity between physical disciplines and computer science
disciplines, mathematics;

- flexibility of content, methods, forms, means of teaching physical subjects to STEAM,;

- Organization of the use of STEAM in any form of physics training in connection with
innovative methods;

- implementation of the program for the formation of creativity of future physics teachers,
consisting of Digital Program products used in teaching physical subjects;

We have organized the following stages for the development of students' creativity in
teaching physics in STEAM conditions:
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Stage 1: organization of the training «development of students' creativity through STEAM».
Systematic work aimed at developing creativity on the topics of the training.

Stage 2: the connection of physical knowledge with life, technology, the manifestation of
activity in any form of teaching physics using STEAM elements in practice, the formation of skills
to interpret physical knowledge.

Stage 3: development of a methodology aimed at developing students' creativity in teaching
physics in the conditions of STEAM education. Development of students’ creativity using methods
and techniques, means aimed at the development of creativity.

Considering that science does not stand still, and the content of modern education also
changes accordingly, it becomes clear that it is not enough for the student to only passively listen
and remember information. It is important that the student is able to independently create new
solutions in the subject, critically rethink the available data, and reveal previously unused
capabilities of the technique [10]. STEAM technologies make it possible to develop these abilities,
effectively apply knowledge and implement creative ideas in educational institutions and further
professional activities of school graduates [11]. In our preliminary research, we noticed that
students are interested in teaching physics based on STEAM technologies (Figure 2).

Figure 2 — the process of teaching physics based on STEAM technologies

In addition, from the analysis of the scientific literature, we have distinguished the following
indicators of STEAM literacy. Apply the knowledge gained in Physics in practice, the ability to
implement mini-projects, design products according to physical laws, knowledge of mathematical
methods of physics, etc. In addition, according to our research topic, the first task is the need for
these services to be implemented on the basis of STEAM.
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In our study, we propose to improve the content of the discipline «Techniques of physical
experiment at school» in the educational program «6b01510 — training of physics teachersy» on the
basis of STEAM as a didactic condition in order to form the creativity of students on the basis of
STEAM.

The subject «technique of physical experiment at school» teaches students to study
experimental methods and techniques of teaching physical sections of the school course, the place
occupied in the system of teaching methods, the structure and tasks of physical experiment in
education.

Allows you to master the system and features of the educational experiment in secondary
education organizations for the formulation of physical processes and phenomena, the technique
and technology of demonstration, virtual laboratory work.

Therefore, taking into account these features of the discipline, it is possible to determine the
importance of implementing its effective teaching. We took into account the need for students to
form the following creative indicators in the course of updating the educational content of the
discipline:

- mastering the skills of organizing and conducting demonstration, virtual and laboratory
experiments in the field of physics on the basis of STEAM,;

- The ability to demonstrate the knowledge gained by steam-based physical thinking in the
formulation of processes, phenomena in nature and technology, solving problems;

- mastering modern approaches to the collection, processing, analysis of scientific and
pedagogical research, achieving unique ideas in the conclusion of research works.

Taking into account the indicators of creativity that develop in accordance with the final
results of training in the above educational program, we propose to include the following topics in
the curriculum of the discipline:

- STEAM experiment in physics, its importance in teaching physics, methodological

requirements for it;

- Science project tips from a teacher. Educational Robotics as an Innovative Educational

Technology;

- STEAM glossary. Basic equations and definitions;

- Basic ideas in STEAM projects. STEAM theme selection criteria.

- Exploring Student Engagement in STEM Education through the Engineering Design

Process;

- 3D printing for experiments in the field of physics. Assess the engagement with 3d virtual

learning tools;

- Creation of stands for explaining light phenomena. STEAM and Light. Teaching Atomic

Structure.

The subject «Technique of physical experiment at school» is a 5-credit subject and is given 15
hours for a lecture and a total of 30 hours for practical classes.

The purpose of teaching the discipline is: to master physical phenomena and laws with the
main emphasis on STEAM literacy of students, to implement the application of physical knowledge
in engineering, design activities at enterprises, mathematics through mini-projects, to familiarize
with technical devices.

Obijectives of the discipline: to master the methods and techniques of independent staging and
demonstration of demonstration practices in the course of high school physics; to teach students to
stage frontal laboratory work and school physical workshop work. Mastering the terms of the
technical and engineering field by sections of physics.

The forms of teaching the discipline are lectures and practical classes. In addition, it includes
independent work of the student and work performed under the guidance of the teacher. In the
lessons of the lecture, students are taught theoretical knowledge, methods of organizing and
performing mini-projects implemented on the basis of STEAM in English. In practical classes,
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students perform mini-projects and explain them in English. In the course of teaching the discipline,
the 5e, 7E model in teaching, the case study method, the problem-based learning method, and the
design method are organized in conjunction with the CLIL learning technology.

The results of training are evaluated in accordance with the criteria set in advance for the
implementation of the project.

The importance of the results of the study is characterized by the need to obtain a new
impetus for leadership in innovations at the state level, the need to improve the degree of
educational institutions in STEAM disciplines, meet new requirements for knowledge on the part of
the labor market and business, high-tech production, develop the ability of graduates to meet the
requirements of future activities and business, employers by introducing a methodological system
of training based on STEAM education into the educational process at the national level.

In addition, by improving access to all STEAM programs, rural or remote residents are
characterized by the need to provide opportunities for promising education.

Conclusion

The results of the study were obtained through the development of a didactic system for
teaching natural and technical disciplines, in particular, the school physics course on the basis of
STEAM:

- increase opportunities to improve the quality of human capital, create high-tech products
based on the introduction of innovative technologies into the educational process.

So, our research has an impact on the development of the following indicators for students:

- accelerates the assimilation of physical phenomena and laws, allows you to expand the

educational material to a certain extent;

- increases motivation for learning, mastery of learning, regularity of learning problems;

- increases activity in solving problems and problems in physics;

- increases their ingenuity in solving the problem posed in connection with the new topic;

- forms the ability to effectively use certain physical experiences in New conditions;

- forms the ability to improve and change the known in accordance with new tasks;

- demonstrate the ability to work independently in new areas in physical research work.

The results of the study will further contribute to the improvement of the material and
technical base of rural schools, the easy assimilation of the laws of physics by students, the
emergence of competitive specialists in engineering and technical fields, and thus the development
of Science and education, industry in the country.

In addition, the results of the study are recommended to be used in higher educational
institutions, schools and institutes for advanced training. The importance of this study is that the
results of the analysis of the current practice of teaching physics teachers clearly define STEAM
elements as accessible and inaccessible. Recommendations for improving and improving the
teaching of physics will be given on the basis of analysis using the integrated STEAM concept as a
teaching concept. The results can be transferred to other subjects, such as chemistry and biology, if
necessary. Recognizing that STEAM education research is not widespread in the school
environment, this research will also contribute to STEAM educational literature at school.

«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)»
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