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STEM EDUCATION IN PHYSICS: DEVELOPMENT OF A LABORATORY STAND
FOCUSED ON THE IMPLEMENTATION OF MINI-PROJECTS

Abstract. Currently, new technologies are widely used in the context of the development of
the information society, secondary and higher education. The use of digital tools, STEM resources,
3D modeling programs and 3D printing equipment, laboratory stands made with their own hands
has been widely used in the educational process. All these conditions are aimed at preparing future
specialists to meet the requirements of the XXI century. Physics as a fundamental science is one of
the fundamental disciplines in the field of STEM. Therefore, the use of STEM elements in teaching
physics has a huge impact on the development of the activities of future specialists in the
engineering and technical field. Especially STEM products and laboratory stands, developed by
students in conjunction with the teacher's guidance, increase the effectiveness of the educational
process. This will make it possible to create creative products and thereby develop the scientific and
technical industry of the country. The purpose of this study is to implement physics education in
universities on the basis of interdisciplinary connections through mini-projects and the development
of educational and research stands and to determine the features of their implementation in the
educational process. The research used methods of systematic analysis of articles published in
highly rated journals, 3D modeling and printing methods, as well as constructive research methods.
In addition, qualitative research methods were used in the pedagogical process. The results of the
study showed that the development of laboratory stands for the implementation of mini-projects,
thereby developing the creativity of students, is of great importance. It became known that students
are actively involved in engineering, are interested in this area and increase their knowledge level
when performing mini-projects. The results of the study will allow new areas of research to appear
in the future, improve the methodology of teaching physics at universities, combine knowledge with
science and industry.

Keywords: STEM education, teaching physics, student, mini-project, laboratory stand,
creativity.
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®usukanan STEM 6ijim Oepy:
MHHH K00aJ1ap/Abl iCKe achIpyFa 0arJapJaHFaH 3ePTXaHAJBIK CTeH/AiH J3ipJiey

Angatna. Kasipri TaHma aknapaTThIK KOFaMIbl, OPTa XKOHE KOFaphl OUTiM Oepymi JHaMbITy
KOHTEKCIHE CoMKec jKaHa TEeXHOJOTuslap KeHIHeH KosilaHblia Oactansl. bimim Oepy ynepicinaeri
mudpaelk  KypammgapaeiH, STEM  OimimMre HerizgenreH pecyperapabiH, 3D Mopenbiey
Oarnapnamanapbl MeH 3D Oachin miblFapy *aOJbIKTapbIHBIH, KOJJIAH 931pJCHIeH 3epTXaHaJIbIK
CTEHATEP/IH KOJIaHBUIYbl KeH epic amabl. by xarnaiimapasiH 6apiielFel OoJamaK MaMaHIapIbIH
XXI racelpiarbl TanantapAsl OpbIHAANW anyblHa JHaspiayra OarblTTanraH. Pu3MKa ipreii FbUIBIM
peringe STEM canaceiHBIH HETi3iH Kypaylibl moHaepaiH Oipi 6onbm Tabbutaabl. COHIBIKTaH /a
¢usukanel okpiTyna STEM nsneMeHTTEpiH KojjaHy Oojallak MaMaHAApIblH HHKEHEPIiK-
TEeXHUKAJBIK Calagarbl iC-OpEKeTTepiH JaMbITyFa 30p BIKIIAN JKacaiapl. ©Ocipece, OuTiM
allylIblIapAblH ~ OKBITYLIBI OacuibUIbIFbIMEH Oipre sxacaran STEM  eHimzepi, 3epTXaHalbIK
crenaTepi OuTiM Oepy yAepiciHiH THIMAUTITIH apTThipaabl. COHBIMEH KaTap, KpeaTHBTI eHiMaep.i
’KacayFa JKOHE COJI apKbUIbI €TiMi3/1H FhUIBIMU-TEXHUKAJIBIK CAJlaChlH JITaMbITyFa »0J amajsl. by
3epTTEYAIH MaKCaThl — >KOFApbl OKY OpBIHJIAPBIHAA (DU3UKAHBI MOHAPANBIK OalJIlaHBIC HETI31HJE
OKBITYIBl MUHU 00aJlap apKbUIbI iICKE achIpy JKOHE OKYy-3€pTTey CTEHITEpIiH d3ipJiel, oJapibl OKY
YAepiciHE EHIIPY/IH €PEeKIISTIKTEepiH alKbIHAay OOJbIN TaObuTabl. 3epTTey OaphICHIHIA YKOFAPHI
PEUTUHITI KypHaljapja >KapHsUlaHFaH Makanajapfa CUCTeMaTHKaNbIK Tangay onicrepi, 3D
MOJICJIbJICY XKoHE OaChIN MIBIFAPY 9/1iC1, 3ePTTEYIeT1 KOHCTPYKTUBTIK 9iCl KOJIAaHbUIbI. COHBIMEH
Karap, MeJarorukaiblK YAEpicTeri 3epTTey[iH camajblK oJicTepl NaiJalaHblIIbl. 3epTTey
HOTHKENIepl KOPCEeTKEeHJIeH, MUHHU >ko0ajapJpl OpBbIHIAAyFa, COJl apKbUIbl OUTIM alyIIbUIapAbIH
KpPEaTUBTUIINH JIaMBITyFa 3€pTXaHaJbIK CTEHATEP/Al o31pieyiH MaHbI3bl 30p E€KEHIIr OalKamibl.
biniM anymsiap MHXXEHEPNIK 1c-dpeKeTKe OeJNCEeH[I KaTbhICAThIHIBIFBL, OJapiAblH OyJl cajara
KbI3bIFAThIH/IBIFBI )KOHE MUHU jk00anap/ibl OpbIHAayAa OUTIM JIeHTeHIepiHiH apTaThIHABIFbI Oenrii
00mb1. 3epTTey HOTHXKENEpl OoJlalakTa KaHa 3epTTey callallapbIHBIH Taia 00ybIHA, )KOFAPHI OKY
OpBIHAAPBIHAA (U3UKAHBl OKBITYABIH O/ICTEMECIH JKETUIIipyre, OUNIMII FBUIBIMMEH JKOHE
OHEPKACIIIIEH YINTAaCThIpyFa MYMKIHIIK Oepe/i.

Kiar cesngep: STEM O06inim, ¢(u3MKaHBl OKBITY, OLTIM adyllibl, MUHH-)K00a, 3epTXaHAIBIK
CTEH/I, KPEaTUBTLIIK.
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STEM o0pa3oBanue no ¢usuke: paspadorka JJjadopaTopHOro CTeHaa,
OPHEHTHPOBAHHOI0 HA PeaM3alUI0 MUHHU-TIPOEKTOB

199


mailto:coruh@sakarya.edu.tr
mailto:sherzod.ramankulov@ayu.edu.kz
mailto:coruh@sakarya.edu.tr
mailto:sherzod.ramankulov@ayu.edu.kz

ISSN-p 2306-7365

SACAYH YHUBEPCHTETIHIH XABAPIIIBICHI, Ne4 (130), 2023 ISSN-e 2664-0686

AHHOTanusi. B  Hacrosimee BpeMs B COOTBETCTBUM C  KOHTEKCTOM  Pa3BUTHSA
MH(POPMALIMOHHOTO OOIIECTBA, CPEIHET0 U BBHICHIETO O0OpAa30BaHMS IIUPOKO MPUMEHSIOTCS HOBBIE
texnosioruu. llIupokoe pacnpocTpaneHue MoyduiIo UCIOJIb30BaHHE B 00pa30BaTEIbHOM MPOLEcce
nudposeix nHCTpyMeHTOB, STEM-pecypcoB, nmporpamm 3D-MoaenupoBanust u 000pyI0BaHUS IS
3D-neuatn, 1a0OpPaTOPHBIX CTEHJOB, HW3TOTOBICHHBIX CBOMMH pyKamMu. Bce 3Tu  ycioBus
HampaBlIeHbl HA TMOATOTOBKY OYyIyIIMX CHELMAIUCTOB K BBINMONHEHHUIO TpeboBanuih XXI Beka.
@usnka kak (yHIaAMEHTaNbHas HayKa SIBISETCS OJHOM M3 OCHOBONOJATAOIIMX AMCLUUIUIMH B
obnmactu STEM. Ilostomy mnpumenenue snemeHToB STEM B 00ydeHun ¢u3MKE OKa3bIBaeT
OTPOMHOE BIHUSHHE HAa pPAa3BUTHE JAEATEIBHOCTH OyaylmIMX CIEUUAIUCTOB B HHKXCHEPHO-
texuuyeckon chepe. Ocobenno STEM-mpomaykTel, J1a00opaTOpHBIC CTEHIBI, pa3paboTaHHbBIE
00y4aroIUMHUCST COBMECTHO C PYKOBOJCTBOM TIpENOJaBareisi, MOBHIMIAIT 3((HEKTUBHOCTh
00pa3oBaTeNnpHOr0 MIpolrecca. IDTO MO3BOJHUT CO3/1aBaTh KPEATUBHBIE MPOIYKTHI U TEM CaMbIM
pa3BUBaTh HAyYHO-TEXHMUYECKYIO OTpacib cTpaHbl. Llenpl0 JaHHOTO HCCIEeNOBaHUS SIBIISIETCS
peanuzanus o0y4deHus GU3MKe B By3aX Ha OCHOBE MEKIIPEIMETHBIX CBA3EH Yepe3 MUHU-TIPOCKTHI U
pa3paboTka yueOHO-HCCIIEeI0BATENbCKUX CTCHIOB M OIpE/eNieHHe OCOOCHHOCTE WX BHEIPEHUS B
yueOHbIN mpouecc. B xoae uccnenoBaHusi MCHOIB30BAINCh METOABl CUCTEMATUYECKOTO aHaIu3a
cTated, omyOJIMKOBaHHBIX B BBICOKOPEUTHMHIOBBIX >KypHajlaX, MeTroabl 3D-monenupoBaHus U
reyaTd, a TaKXke KOHCTPYKTHBHBIE METOJbl HcCcleoBaHuA. Kpome TOro, HuCHOJIb30BaHbI
KAaueCTBEHHbIE METOJIbl MCCIIEJOBaHMS B IE€JArorMueckoM mporecce. Pe3ynbrarsl MccieqoBaHUs
MOKa3aiyu, 4yTo pa3paboTka J1abopaTOPHBIX CTEHIIOB UMEET OOJIBIIOE 3HAYEHUE JJISl BBIMOTHEHUS
MUHH-TIPOEKTOB, Pa3BUBAIOIINX KPEaTHBHOCTH 0Oydarommxcs. CTao u3BECTHO, YTO 00Oydaromecs
aKTUBHO YYaCTBYIOT B MHXCHEPHOU AESITeNbHOCTU, MHTEPECYIOTCS 3TO 00JACThI0 M MOBBIIIAIOT
YpOBEHb 3HAHUI NP BBINOJIHEHUM MHHHU-TIPOEKTOB. Pe3ynbTaThl HCCIEIOBaHUS TO3BOJSAT B
OyaylieM TMOSIBUTbCA HOBBIM  O0JAcTSIM  HMCCIEIOBaHMH, YCOBEPIIEHCTBOBaTb METOJUKY
npenojaBaHus GU3NKH B By3aX, COBMECTUTh 3HAHUS C HAYKOW U MIPOMBIIIIIEHHOCTBIO.

KiarueBbie cioBa: STEM o6pa3oBanue, npenogaBaHue (U3MKW, OOydaroIIUiics, MUHU-
MIPOEKT, 1a00paTOPHBIN CTEH, KPEaTUBHOCTb.

Introduction

In modern education, it is important to take into account the requirements of employers.
Therefore, in the process of higher and secondary education, both in developed countries and
outside the city, attention is paid to the creative, productive activities of students. The competency
approach to higher education programs aims to prepare students for public and government needs.
Especially in recent years, research on Advanced Technologies has increased to improve education
in engineering and technical fields. Obviously, the development of Science and technology
contributes to the development of the country's economy. Physics as a discipline makes a great
contribution to this area [1].

As evidenced by the increased attention of the state order to the technical industries in the
country, the number of annual grants. And this is the lack of grants, the lack of interest of school
graduates in this area, and the low quality of Education cause concern for the future. The integration
of STEM education plays an important role in eliminating such shortcomings.

The results of students ' training in the framework of physical disciplines are reflected in the
assimilation of specific elements of their socio-economic experience. The results of training are a
mirror of applied orientation in physics both within the framework of education and in real life
situations. The results of modern education are measured by the development of students ' scientific
worldview in the field of physics. The implementation of this need poses a great task for
methodologists and teachers in physics. Therefore, higher education institutions, as research
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organizations, need to use methods and technologies that allow solving urgent problems of modern
education and develop them further [2].

In order to improve learning outcomes in physics education, several works on the use of
digital technologies, Stem products, and mini-projects can be cited [3]. For example, G. Tuyizere &
L. Yadav [4] in their research proves the effectiveness of integrating interactive computer modeling
into teaching physics and studying patterns. N. Nazifah & A. Asrizal [5] emphasizes the need to
develop special educational materials for the effective implementation of interdisciplinary
connections of STEM technologies in physics teaching. In addition, they believe that the use of a
STEM product in teaching physics will have a huge impact on the development of 21st century
skills among students.

Scientists of the Republic of Kazakhstan A. Iskakova & A. Kairbayeva [6] in her scientific
article, demonstrated that using the Electronics Workbench computer program to teach physics
based on projects forms students' skills necessary in teamwork, design and research.

The above-mentioned works formed the basis of our research work and allowed us to identify
the following scientific problems:

- What are the possibilities of implementing mini-projects in teaching physics?

- How do we develop STEM products and relate them to educational and laboratory work?

- How do we implement the development of laboratory stands in physics?

- How we evaluate the learning outcomes of STEM education, etc.

Determining the solution to these above-mentioned problems is the main idea of our study. To
do this, we will reveal the meaning of the main key words on the research topic and explain them
based on the scientific works of Turkish and Kazakh scientists.

K. Sungur Giill & A. Saylan Kirmizigiil conducted research in the field of organizing
experiments using the Algodoo program for future science teachers and determining its impact on
the level of education of science teachers, saying that STEM is an effective technology for teaching
physics [7]. G. Kazbekova, Zh. Ismagulova note in their works that the versatility and complexity
of STEM learning can be simplified by developing various programs. In addition, scientists outlined
the main approaches to the development of these programs [8].

Analyzing the data presented in the scientific and methodological literature, we gave an idea
of the concept of a mini-project - a means of implementing the student's research and creative
activities through small groups designed to solve one small problem in the field of physics. These
definitions allowed us, by conducting a survey of physics students, to identify selected physics
topics, develop laboratory stands on these topics and evaluate its effectiveness in the
implementation of mini-projects.

Research methods and materials

We conducted a two-stage analysis of articles from top journals on theoretical research
methods. At the first stage, we collected works published over the past 5 years on the keywords
“STEM education”, “Physics projects”, “STEM projects”, “Teaching Physics”, “STEM in Physics”.
After reading the list of identified articles, we selected articles close to our topic. In the second
stage, we filtered the articles by associating keywords with the headings of articles written in Excel.
We conducted a systematic analysis of the remaining articles and compared the research results of
the Republic of Turkey and Kazakhstan in this area.

In accordance with the objectives of the research topic, IT education and robotics, digital
training resources and programs, 3D-based computer programs were analyzed and the necessary
ones were selected to improve the material and technical base necessary for mini-projects. In order
to determine in which subjects the implementation of mini-projects is carried out, an analysis of
educational programs was carried out and an interview was conducted with students. In general,
more than 200 students from Khoja Akhmet Yassawi International Kazakh-Turkish University and
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Sakarya University took part in the interview. The interview was conducted on 5 main questions.
During the interview, analytical work was carried out with students, and a clear answer was
achieved by asking additional questions. The content of these questions is as follows:

- In what field of physics are you interested in participating in research activities?

- What current and selected physics topics do you know today?

- What subjects are you interested in in the field of physics and what mini-projects do you
want to implement in teaching?

- How do you understand the content of STEM education and in which physics disciplines do
you want to use it?

- What fields do you associate STEM with as the science of the future?

The interviews were conducted outside of class in each group and at 50-minute intervals in
each group. According to the answers of the students, the keywords were written by experts. At the
end, the results were analyzed and recommendations were developed.

A survey of the content of the discipline “alternative energy sources” in the physics
educational program was conducted on the basis of STEM and 3D modeling technology to identify
opportunities for improving the practice of using mini-projects. In this discipline, 210 students of
the educational program “6B05348-physics”, “6B01510-physics” of the Department of physics of
the Khoja Akhmet Yassawi International Kazakh-Turkish University took part in the survey. The
survey questions are presented in Table 1.

Table 1 — The content of the survey questions (for EP «6B05348-physics», «6B01510-
physics»)

s/n List of survey questions Rating

1 | To what extent has the lab work done with STEM and 3D modeling |1 |2 |3 |4
expanded your understanding of physical phenomena?
2 | How interesting was it to participate in the development of the laboratory | 1 2 |3 |4
stand and perform mini-projects through it?
3 | To what extent did STEM and 3D modeling increase your interest in |1 |2 |3 |4
performing physical experimental work?
4 | Do you consider it necessary that the use of mini projects be interactive in | 1 2 |3 |4
nature?
5 | Do you think STEM technology will be useful to deepen your |1 2 |3 |4
understanding of physical phenomena and laws in the discipline of
alternative energy sources?

6 | Do you want to use large-scale projects on alternative energy sources? 1 2 |3 |4
7 | Do you want to master the development of laboratory stands, 3D modeling | 1 2 |3 |4
and printing of products yourself?
8 | To what extent do you think STEM education contributes to the economic | 1 2 |3 |4
development of the country, the development of Science and technology
in the country?

Students answered questions on a scale from 1 to 4:

1 — «not at all»;

2 — «at some pointy;

3 — «at a good levely;

4 — «very highy.

Having made conclusions on the research methods, based on the research methods used by us,
the results were analyzed and final works were made. All answers of the study participants are
checked on questionnaire sheets and processed using mathematical statistics.
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Results and discussion

Analysis of the results of the interview-the study of what subjects to implement and how to
evaluate the development of laboratory stands in Physics in increasing the level of motivation of
students at the Department of physics gave the following indicators:

- 55% of students showed a positive attitude to the development of laboratory stands for
alternative energy sources, the implementation of mini-projects in this area as the best
chapters of physics;

- As for the interest in the STEM field in teaching physics, about 70% of students believe
that research activities are necessary in the profession of the future and associate the
STEM field with alternative energy sources as the science of the future;

- Although most students show little knowledge of the characteristics of STEM education
and mini-projects, it is important to improve their knowledge in this field, develop
positive motivation to study physics, and also associate skills that will be useful in
everyday life with relevant areas of physics.

In the study of the solar cell system, an analysis of technologies focused on research and its
effective implementation was carried out. Using the latest capabilities of digital technologies, a
method of modeling a solar cell system was used. This allows students to form primary research
knowledge. The Matlab program was used to create models of photovoltaic systems of different
Watt sizes. Further, in order to assemble a photovoltaic system and study the physical laws and
mathematical equations in it, the authors’ own laboratory stands were used. A list of research
projects that can be performed at the stands has been developed. On them, students were offered
group projects in the direction of physics.

Within the framework of the disciplines “alternative energy sources”, “solar radiation and its
secondary directions”, “selected chapters of solar energy”, STEM projects were implemented. A
group STEM project was developed on the topic «efficient use of solar energy in agriculturey», in
which students showed indicators of the development of research activities within the framework of
this project.

The results of the analysis of the scientific literature confirm that the field of physics is
distinguished by the fact that more research work is carried out than other sciences. In the course of
studying physics, students conduct many experiments, acquire theoretical knowledge in accordance
with this experience, and further develop research in search of something new. This circumstance
allows you to achieve the latest results in science, directs you to make discoveries [9].

In our research, we mean the research activities of future physics specialists, future physics
teachers — “alternative energy sources”, “sunlight and its secondary directions”, “selected chapters
of solar energy” which are distinguished by constant motivation in the implementation of mini-
projects. And now let us give an example of the use of STEM projects in the above disciplines and
thus the implementation of scientific research, taking into account that each of the views of steam
reflects a field based on one or more disciplines.

According to the main idea of this study, the stage of effective implementation is presented in
Figure 1 below.

According to the 1st Stage, students study the basic photoelectric characteristics of the solar
element, physical phenomena and laws on which the principle of operation of solar cells is based. In
addition, he will get acquainted with the methodology for assembling p-n transitions from reusable
solid-state diffusion sources [10], the vacuum-thermal methodology for creating current-receiving
contacts and glow plugs, scientific papers related to photovoltaic batteries developed by a new
method based on crystalline silicon.
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the study of the physical

application of development of design
mathematical equations design, scheme; creation
on laboratory stands, of a PV system based on
taking measurements. an original idea.

characteristics of solar
cells and the technology
for their development
using computer programs.

Figure 1 — Stage of effective implementation of the STEM project
based on alternative energy sources

Students study the requirements for the source material and technological equipment for the
production of solar cells (SC) used on earth, analyzing the modern technology for the production of
Silicon SC, methods for reducing optical defects in the technology for the production of Silicon SC,
modern technology for the production of silicon solar cells and photovoltaic plants, possible ways
to obtain cheap solar cells.

Conducts mini-projects on the topics of “alternative energy sources”, “sunlight and its
shielding directions”, “selected chapters of solar energy”, determining the efficiency of solar panels
through solar research stands, direct conversion of solar energy into electricity, research of
photovoltaic energy converter, operation of solar panels, the relationship of the angle of inclination
of the solar panel to power, etc.

Let us give an example of the use of mini-projects in the educational process using a
laboratory stand created by the author of the research group (figure 2).

Figure 2 — Research stand for the physical characteristics of the photovoltaic panel
Let’s dwell on one of the mini-projects performed with an author's stand, developed together

with students.
Mini project theme: Determination of the Efficiency of the Solar Panel.
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The coefficient of efficiency - is one of the main characteristics that determine the efficiency
of energy conversion. It is believed that the higher the efficiency of the device, the more energy
efficient it is. The efficiency of a solar module depends on many factors (the structure and type of
photocells, the angle of location of the panels depends on the direction of incidence of light,
weather, operating temperature, etc.). In this paper, we will determine the efficiency of
Monocrystalline panels.

In solar power, the efficiency of a solar module is considered as the ratio of the power of the
Pqx SOlar radiation falling on its surface at the standard solar radiation density 1 kWt/m? of the
electricity generated during the operation of the P; photovoltaic converter.

N =Py /Pnax (1)
In addition, students are given the task of filling out the table below by working with a
laboratory Stand (Table 2).

Table 2 — Determination of the efficiency of a monocrystalline solar panel

Point | Angle of | Distance | Lighting | Panel Voltage, | Current, | COE, n,
inclination | to the | intensity | surface A% A %
light temperature,
source, m eC
1 90° Lvma; = 1] = T] = U1= 11=
2 U= L=

Undoubtedly, the development of a research tool in the verification of the laws of physics by
the students themselves, thereby conducting research work and analyzing the results obtained, will
increase their knowledge. Students have the opportunity to model the desired product using 3D
printing and use it in the implementation of mini-projects. Complete safety and autonomy for the
environment - the main criteria that prompted the design of a stationary FEF with a power of 140W
for the operation of consumer household equipment (televisions, computers, etc.) and lighting of
buildings are a photovoltaic installation, consisting of a photovoltaic battery with an area (glass
size) of 1300x830x0.2mm3. Further, students carry out the final work of the work with
mathematical calculations.

Figure 3 — Implementation of independent mini-projects by students

The results of the survey conducted on the discipline «alternative energy sources» in order to
determine the importance of 3D models, STEM models, mini-projects in the interpretation of
physical phenomena and patterns are presented in Table 3 below.
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Table 3 — Survey results

s/n List of survey questions Average | Standard
value deviation

1 | To what extent has the lab work done with STEM and 3D modeling expanded your 3,4 0,6
understanding of physical phenomena?

2 How interesting was it to participate in the development of the laboratory stand and 3,5 0,5
perform mini-projects through it?

3 | To what extent did STEM and 3D modeling increase your interest in performing 3,8 0,2
physical experimental work?

4 Do you consider it necessary that the use of mini projects be interactive in nature? 4,0 0,0

5 | Do you think STEM technology will be useful to deepen your understanding of 4,0 0,0
physical phenomena and laws in the discipline of alternative energy sources?

6 Do you want to use large-scale projects on alternative energy sources? 3,7 0,3

7 Do you want to master the development of laboratory stands, 3D modeling and 3,2 0,8
printing of products yourself?

8 | To what extent do you think STEM education contributes to the economic 3,2 0,8
development of the country, the development of Science and technology in the
country?

The content of the survey was aimed at determining how much STEM education, laboratory
stand, mini-projects expanded their physical knowledge from future physics teachers. According to
question 1,75% of the survey respondents said that education had an effect on expanding their
understanding of physical phenomena at a «very high» level, while the remaining 25% indicated
that the student was at a “good level”. 90% of the students surveyed said that STEM education, a
laboratory stand, was interesting at a “very high” level, while only 10% of the students expressed
interest “in some cases”. STEM showed that the increased use of knowledge, laboratory stand,
mini-projects, and self-mastery of printing physical phenomena with 3D modeling were considered
necessary by 80% of students at a “very high” level (figure 4).

To what extent do you think STEM education contributes to
the economic development of the country, the...

Do you want to master the development of laboratory stands,
3D modeling and printing of products yourself?

Do you want to use large-scale projects on alternative energy
sources?

Do you think STEM technology will be useful to deepen your
understanding of physical phenomena and laws in the...

Do you consider it necessary that the use of mini projects be
interactive in nature?

To what extent did STEM and 3D modeling increase your
interest in performing physical experimental work?

How interesting was it to participate in the development of
the laboratory stand and perform mini-projects through it?

To what extent has the lab work done with STEM and 3D
modeling expanded your understanding of physical...

il

o
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N
»
%
N
~
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w
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K
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Figure 4 — Monitoring the effectiveness of the proposed methodology
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The results of the study show that the STEM project method can be used in the study of
Fundamental Sciences of physics to develop scientific literacy of students. The results showed that
most students were able to see the relevance of scientific knowledge to explain the phenomena that
occur in the field of solar energy. Analysis of the aspect of scientific ideas in general means that the
interest of students is growing, and they are capable of conducting simple scientific research.

The analysis of the results of the study revealed the knowledge and qualifications necessary
for the development of students ' interest in physics and educational and research skills:

- ability to apply scientific research methods and make observations in natural phenomena,
especially in the field of solar energy;

- planning and implementation of experiments in the implementation of mini-projects;

- processing of mathematical measurement results using tables and graphs, formulas;

- determine the dependence between physical quantities, interpret the results on the basis of
STEM, draw conclusions;

- be able to understand the meaning of basic physical laws and apply them in engineering
activities.

A comprehensive analysis, after quantitative and qualitative research methods, confirmed that
the most effective technology for teaching the category of students of both countries mentioned
above is STEM project technology.

Conclusion

In conclusion, based on the analysis of the existing system of training on the basis of STEM
technology, 3D graphics, mini-project, laboratory stand, we showed the features of training students
in the visualization of physical phenomena and patterns, in constructive actions. As can be seen
from the analysis of the scientific literature in the course of the study, the results of the survey, the
popularity of STEM technology, 3D graphics, mini-project, laboratory stand in the educational
process is developing day by day. This area is increasingly focused around the world, especially in
the training of future physics specialists at the university level. The effectiveness of the educational
system, which uses STEM technology, 3D graphics, mini project, laboratory stands to help better
understand physically complex phenomena and patterns, will be improved by the perception of
theoretical and practical aspects of the subject under study by future physics teachers.

The results of the study show that the STEAM project method can be used in the study of
Fundamental Sciences of physics to develop scientific literacy of students. The results showed that
most students were able to see the relevance of scientific knowledge to explain the phenomena that
occur in the field of solar energy. Analysis of the aspect of scientific ideas in general means that the
interest of students is growing, and they are capable of conducting simple scientific research.

This research was funded by the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (Grant No. AP19579398).
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