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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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Annorauust. TepTiHIII ©HEPKOCINTIK PEBOJIOUMS JKaFJalblHAa LUQPIBIK
TEXHOJOTUSUIAPIBIH ~ KapKbIHABI  Jamybl [T-MamangapMeH Karap, IKOFaphbl
TEXHOJIOTUSUIAp MEH OuLTiM Oepy cajachlHAarbl MaMaHJApJblH KOFaMja €H Kell
CYpaHBICKa Fe OOTyBIHA aJIbI Kemmi. bimim 6epymeri 6onamrak MmamaagapasH STEM
CaJachIHJIaFbl OUTIMIIEPIH ©3 KociOiHAe KoJjiaHa ajy Maceleci Ka3ipri KOFaMHBIH
©3eKTi 3epTTeylepiHe aiHamnel. JlereHMeH, araimFaH OaFbITTaFbl 3epTTEyIepIcH
STEM 6inim Gepyseri Oosamak MaMaHIap/IbIH K9Ci0M TalbIH IBIFBI, ocipece, (hru3uka
oirim Oepy OarpiTeiHma STEM OimimM Oepymi THIMIL iCke acBIpyMeH OaiIaHBICTHI
eHOCKTep/IiH JKeTicreymIinri amra Tapraabl. bonamak ¢usnka MamaHIapbiH
STEM canaceiHoa maspiaydblH TEOPFSUTBIK AaCTeKTUIepiH aWKbIHIam, COFaH
ColiKeC OKBITYIBIH dJiCTEMENIK KYHeCiH KeTinaipy Oi3fiH 3epTTeyiMi3iH Heri3ri
nneschl OoNbIT TaObIaAbl. by mMakamama OiumiM Oepydi THIMAI JKy3ere achIpyma
STEM TeXHOJOTHACHIH KOJIJAHYIbIH MOHI MEH MaHBI3bl, OHBI OKY YIEpiciHe
SHTI3yMiH HeTi3ri QyHKImsuIapel MeH MakcaTTapbl, STEM OKBITYIBIH KarumaTTaphbl
alKbIHIANIBL. 3epTTey OapbIChIHAA KOJJIAHBUIFAH CalalblK 3epTTey oaicTepi
HeTi31H1Ie FRUIBIMU €HOCKTepre, OLTiM Oepy OarmapiaMaiapblHa XKYPTi3iareH Tannay
HOTHKEJEpl JaMblFaH enjepMeH Karap, Kasakcran PecnyOnmukachiHaa na Qusmka
ootipraTia STEM 6imiM Oepyze CTYIeHTTTEPIIH FRUTBIMU CayaTTBUIBIFBIH JaMBITYFa,
COJI apKBUIBI €JIICTI FBUIBIM MEH TEXHOJIOTHUS CAJIAChIH KOFAPhI JICHIeHTe MIBIFapyFa
Hazap aymapyabl KaKeT eTeTiHIITiH KOpPCeTTi.

Tyiiin ce3nep: STEM 6inim Gepy, CbIH TYpFBICBIHAH oOiinay, Oonamak (Gpu3nKa
MaMaHbl, PU3UKAHBI OKBITY, TEOPUSIIBIK ACTICKT, TEXHOJIOTUS
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AnHoramus. CTpeMHUTEIbHOE pa3BUTHE MUMPOBBIX TEXHOJOTHH B YCIOBUSIX
YeTBepToil NPOMBIIUIEHHOW PEBOJMIOLMM IPUBEIO K TOMy, 4TO Hapsany c IT-
CHenrarucTaMu Hanbosiee BOCTPeOOBAaHHBIMH B OOIIECTBE CTANW CIEIHAIHCTHI
B 00jacTu BBICOKMX TEXHOJNOTMA u oOpasoBanus. llpoGmema cmocoOHOCTH
Oy/IylUX CHEHUAIUCTOB B 00JacTH 0Opa3oBaHMs MPHUMEHSTh 3HAHHUS B OOJNACTH
STEM B cBoeii mpodeccuu craja akTyalbHBIM HCCIIEIOBAaHHEM COBPEMEHHOTO
obmectBa. TeM He MeHee, U3 MCCIEAOBAaHWN JaHHOTO HAIPaBJICHUS CIIEIYET, 4TO
npodeccroHaibHas TOATOTOBKA Oyaynux creruanuctoB B STEM-o0pa3oBanuu,
0COOeHHO B obOmacTh (hu3myeckoro oOpa3oBaHUs, OOYCIOBIEHA OTCYTCTBHEM
Tpyaa, cBa3aHHoro ¢ 3ddekrtuBHoit peanuzammeri  STEM-oOpazoBanusl.
OCHOBHOH HJeell Halero MCCiIeOBaHHS SIBISCTCS ONPENEICHHE TEOPETHUECKUX
ACTIEKTOB TOJTOTOBKH Oymymux (U3N4ecKux crenuanuctoB B odmactu STEM u,
COOTBETCTBEHHO, COBEPILICHCTBOBAHUE METOMUECKOM CUCTEMBI 00yueHHs. B manHoi
CTaThe OIpPENeNICHBI CYIIHOCTh W 3HAYCHHE NpUMeHeHus TexHojoruu STEM B
3¢ hexTUBHOI peau3alii 00pa30BaHus, OCHOBHBIC ()YHKIIMH U IIEJIH €€ BHEAPEHUS
B y4eOHbIA mporecc, npuHIunbl oOyderus STEM. Pesynbrarhl mpoBeneHHOTO
aHalM3a Hay4yHbIX paboT, 00pa30BaTeNbHBIX MPOrPaMM Ha OCHOBE KauyeCTBEHHBIX
METOZIOB HCCIIEIOBAHUS, NCTIONB30BAaHHBIX B MCCIIEIOBAHUH, TIOKA3AJIH, YTO HAPSILY
¢ pa3BuUThIMHU cTpaHamu U Pecnyonukoit Kazaxcran STEM-o0pa3oBanue 1o (usmke
TpeOyeT BHMMaHHUsI K Pa3BUTHIO HAYYHOH TI'PaMOTHOCTH CTYJIEHTOB, TEM CaMbIM
BBIBOJY OTPACI HAYKH W TEXHOJIOTHH B CTpaHE Ha BHICOKHH YPOBEHb.

KiroueBbie cioBa: STEM-o0pa3oBaHue, KpUTHUECKOE MBIIIICHUE, OyayIminit
CHEUAINCT N0 PU3HKE, IPernojaBanue GU3NKH, TCOPETUIECKUHN aCIIEKT, TEXHOJIOTHH

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 The possibility of obtaining extended access to educational material;
function 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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