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ABSTRACT

AHOTALIA

®opmy pob. OOHuM i3 mepcriekmusHUx mMemodie
HaeyaHHA y STEM-oceimi € memod npoekmis. [IpoekmHuli memoo y STEM-
ocsimi 0bymoentoe akmyansHicme | 00cniOHUYbKULU xapakmep memu
npoekmy, 3a6e3neyeHHA B3AEMO38’A3KY ~MEOPemuYHUX 3HAHb i3
NPAKMUKOI0, NPaKmMuyHe emineHHA pe3ynemamie npoekmy. poekm, AK
3aci6 peanizayii STEM-oceimu, 003805€ iHMe2py8amu 3HAHHA 3 Pi3HUX
npedmemHux 2any3eli nid Yac po3e'A3aHHA peasnbHUX 300a4, CMBOPEHHA
dito4ux makemis, ujo 06yMOBIIOE iX MPAKMUYHEe BUKOPUCMAHHS.

M pi i ] BukopucmaHo memodu aHanizy ma
cucmemamu3sayii  Haykogo-nedaeoziyHoi  nimepamypu; y3a2anbHeHHsA
pesysnemamie 8imyu3HAHO20 i 3apybircHo20 doceidy W00 BUKOPUCMAHHA
npoekmHozo mMemoody y STEM-oceimi i3 3acmocy8aHHAM MpozpamHo-
anapamHoi  naamgopmu  Arduino. HagsedeHo excriepumeHmMasnbHy
MemoOuKy cmeopeHHs 0ilo4020 hiziomepaneemu4HoO20 A3epHO20
npucmpoto 01 AiKy8AHHA  HeXUmi. 3aCmOoCO8AHO  NPO2PaAMHE
Komn’ltomepHe MOOento8aHHA 0aa imimayii pobomu npucmporo 3
po3pobkoto kody 017 naamu Arduino UNO.

Pesynemamu. Ha npuknadi eukoHaHHa STEM-npoekmy «Po3pobka
iziomepanesmuyHo20 n1a3epPHO20 NPUCMPOIO 0417 AiKYBAHHA HEXCUMIO»
MOKA3aHO AK MOX(HA iHMe2py8amu HU3Ky pi3HopieHesux, OUOAKMUYHUX i
docnioHuybKux 3aedaHb. HaeedeHo y3azanbHeHUll OMUC OCHOBHUX
cmpykmypHux enemeHdmie naamu Arduino Uno. CpopmyneosarHo munosuii
anzopumm o3HaliomnaeHHs 3 pobomoto naamu Arduino. BKazaHo ocHo8Hi
po30dinu Kypcy hi3uKu, 3HaHHA AKUX € 6azo8uMu 047 peani3ayii npoekmy.
lMoKa3aHo AK suKopucmaHHA 6imoeoi mampuyi cmaHie nasepa 0038075€
cmMeopo8amu YUKMIYHi pexcumu onpomiHeHHs, Wo nepioOuvyHo 3miHIoMb
00UH 00Ho20. HasedeHo npuknad Kody 3 obpobkoto 6imosoi mampuyi
cmaHig nasepa. CKemy4 Kepye pexcumamu HamnienposioHuKosozo nasepa,
8i006paxcae Yac onpomiHeHHA Ha piOoKoKkpucmasniyHomy oucraei ma nodae
38yKoBUl CU2HAAN MO 3AKIHYEHHIO Yacy ONMPOMIHIOBAHHA, WO 300aeMbCA
nomeHuyiomempom. [ModaHo cpazmeHm cumynAayiliHoeo MoOento8aHHA
¢isiomepanesmuyHozo npucmpoto 8 cepedosuwyi Tinkercad Circuits.

BucHoeKu. Mpakmuy4Huli 00ceid BUKOPUCMAHHA MPOEKMHO20 Memody
8 STEM-oceimi nokaszas, wjo 6iH 00380718€ cmydeHmMam  AKMUBHO
docniomysamu peansHy npobaemy, 3acmocosysamu OMpPUMaHi 3HAOHHA
HO [pakmuyi, po3euUBAMU HABUYKU CRignpayi, KomyHikayii ma
Kpumu4YHo20 MUC/IEHHA. BuKoHaHHA NPOeEKmMy cripuse MOEOHAHHIO piaHux
sudie 0OiAnbHOCMI, MAKUX AK [Mi3HA8A/ILHA, MBopYa, MPAKMUYHA,
00CiOHUYbKA, O MAKOX PO3BUMKY HABUYOK MUC/MEHHA, momueauii ma
8iornosioanbHocmi 3a cg80t0 OifibHiICMb. Brpo8adieHHA MPOEKMHO20
memooy dae moxcausicmes 3abesneyumu sAKiCHY nidzomosky gaxisyie 3
MPUPOOHUYUX HAYK, 300MHUX eheKmUBHO 3acmocosy8amu C80i 3HAHHA
ma Ha8UYKU y MPAKMUYHUX CUMYQuiax ma crnpusmu nooasnbwomy
pozsumky STEM-2anyseli 8 YKpaiHi.

Formulation of the problem. One of the promising methods of training
in STEM education is the method of projects. The projected method in STEM
education determines the relevance and research nature of the topic of the
project, ensuring the interconnection of theoretical knowledge with
practice, practical implementation of the results of the project. The project,
as a means of implementing STEM education, allows you to integrate
knowledge from different subject industries when solving real tasks, the
creation of existing layouts, which causes their practical use.

Materials and methods. Methods of analysis and systematization of
scientific and pedagogical literature were used; generalization of the results
of domestic and foreign experience in the use of a prose method in the STEM
education using the ARDUino software and hardware platform. The
experimental method of creating an active physiotherapy laser device for
treatment of the runny nose is presented. A software modeling is used to
simulate a device with the design of the Arduino Uno board.

Results. The example of the implementation of the STEM project
"Development of a physiotherapeutic laser device for the treatment of
runny nose" demonstrates how it is possible to integrate many different-
level, didactic, and research tasks. A generalized description of the main
structural elements of the Arduino Uno board is given. A typical algorithm
for familiarizing yourself with the operation of the Arduino board is
formulated. The main sections of the physics course are indicated, the
knowledge of which is fundamental for implementing the project. It is
shown how using a bit matrix of laser states allows the creation of cyclic
irradiation modes that periodically change each other. An example of a code
processing a bit matrix of laser states is provided. The sketch controls the
modes of the semiconductor laser, displays the exposure time on the liquid
crystal display, and emits a sound signal at the end of the exposure time set
by the potentiometer. A fragment of the simulation modeling of a
physiotherapy device in the Tinkercad Circuits environment is presented.

Conclusions. The practical experience of using the project method in
STEM education has shown that it allows students to investigate a real
problem actively, apply the acquired knowledge in practice, and develop
cooperation, communication, and critical thinking skills. Implementation of
the project contributes to the combination of various activities, such as
cognitive, creative, practical, and research, as well as the development of
thinking skills, motivation, and responsibility for one's actions.
Implementing the project method makes it possible to provide high-quality
training for specialists in natural sciences who can effectively apply their
knowledge and skills in practical situations and contribute to the further
development of STEM fields in Ukraine.

K/ItOHOBI C/IOBA: npoekmHuli memod; STEM-ocsima; naamgpopma
Arduino; npozpamysaHHs; iH}eHepHe Mmucmeymeo.

KEYWORDS: project method; STEM education; Arduino platform;
programming; engineering art.
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INTRODUCTION

Formulation of the problem. STEM education involves the integration of natural sciences, technology, engineering
creativity, and mathematics. One of the promising methods is the project method, which determines the relevance and research
nature of the project topic, ensures the relationship of theoretical knowledge with practice, and directs the result of the creative
search to practical implementation. The project as a means of implementing STEM education allows for the integration of
knowledge from various subject areas while solving real problems, and creating working models, which determine their practical
use.

An actual problem of training qualified pedagogical specialists in the field of natural sciences, in particular physics, in
modern conditions is the implementation of research training with the use of innovative practices, and the ability to combine
face-to-face and distance learning methods. The use of digital tools, modern software, and hardware platforms allows an increase
in the effectiveness of the educational process, to make it more visible due to the practical implementation of the results of
experimental work and the creation of a simulation model of the operating device.

Analysis of actual research. The project method is one of the learning approaches proposed by the American
philosopher and educator John Dewey at the end of the 19th and the beginning of the 20th century. The goal of project-based
learning is to stimulate students' interest in certain problems, the solution of which is implemented through planning, research,
and aimed at practical results (Morgan, 1983). William Heard Kilpatrick emphasized the importance of the "project" as a central
element of learning that stimulates active participation and self-activity of students in the learning process. Edward Collins
emphasized the connection between learning and real life, supporting the idea that project tasks should have real meaning for
students, and their results can be used in real situations. Howard Parkhurst has shown that projects should provide students with
opportunities to develop valuable skills and abilities that are important in real-life contexts. It was also established that project-
based learning contributes to the development of skills of "critical thinking, cooperation, communication, reasoning, synthesis
and stability in conditions of limited time and a defined goal" (Barron, 2003) and involves various types of activities.

The project method in the field of STEM education is quite common in many countries, including Ukraine. Government
programs in Australia, China, Great Britain, Israel, Korea, Singapore, and the United States aim to ensure high-quality education
and often include project methods in their curricula and programs, which encourages teachers to use interactive methods,
robotics, and programming to engage students in STEM education. (Kushnir et al., 2017). On August 5, 2020, the Decree of the
Cabinet of Ministers of Ukraine No. 960 approved the Concept of the Development of Science and Mathematics Education (STEM)
in Ukraine. According to this concept, educational methods and educational programs of STEM education should be aimed at the
formation of competencies that are important and relevant in the labor market. Among them, critical, engineering, and
algorithmic thinking, information processing and data analysis skills, digital literacy, creativity, and innovation, as well as
communication skills, are distinguished.

Various aspects of the introduction of STEM education in Ukraine were highlighted in the works of Ukrainian scientists.
Thus, the authors of the article (Stryzhak et al., 2017) conducted an analysis of the content of key concepts of STEM, which are
fundamental in understanding the essence of the new educational direction, Natallia Honcharova compiled a glossary of terms
defining the essence of the concept of STEM (Honcharova, 2015), in the article (Salnyk et al., 2023) considered the possibilities
of introducing STEM technologies integrated with information and communication technologies into the education system.

In general secondary education institutions of Ukraine, STEM education is mainly implemented in the form of electives
and clubs (Kryvonos, 2017), where such platforms as LEGO, RoboRobo, Mindstormes, Iskra.JS, BrainPad, MicroBIT, Arduino, ESP32,
Micro:bit, Raspberry are used Pi and others. In the regions, work was launched on the creation of STEM centers (laboratories),
holding various events to popularize scientific and technical education - STEM weeks, scientific picnics, festivals of making, etc.
(Patrykeeva et al., 2017). The university course in physics involves conducting experimental work with the measurement of
physical quantities and subsequent data processing and analysis. To improve this course, in the article (Honda et al., 2021) it is
proposed to hold a workshop on the physical foundations of measurements and technical means of automation based on the
Arduino platform and a Raspberry Pi single-board computer for students of physics majors.

Thus, the method of projects in the field of STEM can be applied at different educational levels and in different learning
contexts. It is a universal approach that can be successfully used in secondary (Zorenko & Shcherbyna, 2010), vocational and
technical education (Herliand, 2017), in higher education (Ognianyk & Nichyshyna, 2018), as well as postgraduate education
(Salnyk et al., 2023). At the same time, despite the available pedagogical research, questions remain regarding the specifics of
using the project method in educational institutions in the context of STEM education.

The purpose of the article. In view of this, the purpose of the article is to reveal the features of the use of the project
method in STEM education when teaching physics using the example of the project "Development of a physiotherapeutic laser
device for the treatment of runny nose", which provides the opportunity to combine theoretical knowledge with the ability to
perform an experiment, practical implementation of project results in the creation of simulation models of the operating device,
stimulation of various types of student activities.

METHODS OF THE RESEARCH

Scientific and methodological research was performed using theoretical and empirical research methods: analysis and
systematization of scientific pedagogical and methodical literature related to project-based learning and STEM education,
generalization of the results of domestic and foreign experience regarding the use of the project method in STEM education with
the application of the Arduino hardware and software platform, publicly available data relevant to the research topic, as well as
simulating the operation of the device with the development of code for the Arduino UNO board. The combination of these
research methods provided a scientific approach to the implementation of the project.

This scientific research was carried out using the TinkerCad Circuits software environment and the Arduino hardware
and software platform. This platform allows you to use programming in the process of learning natural sciences, which makes it
interesting for the implementation of educational and research STEM projects. Arduino coding is based on a simplified version of
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the C/C++ programming language (Baran et al., 2019). We used the most popular version of the basic platform — the Uno board,
built on the ATmega328 microcontroller. The board has 14 digital input/output pins, 6 analog inputs, a USB connector, an
additional connector for connecting external power, an ICSP interface, and a reset button.

RESULTS OF RESEARCH

As one of the possible options, we considered an example of a project on the development of a physiotherapeutic laser
device for the treatment of rhinitis. The connection between the development of this project and the teaching methodology is
established by a number of the following provisions. The principles of engineering art and information technologies are used in
the development of a physiotherapeutic laser device. Engineers, apply scientific principles, develop models, conduct experiments,
and solve practical problems. It is these principles that are the basis for STEM education, which stimulates students to actively
research, make and apply the acquired knowledge. The development of a physiotherapy laser device also requires knowledge of
mathematics and natural sciences, which are components of STEM education. The basis of the project method, which is used
during the development of a physiotherapeutic laser device, is the use of an integrated approach and consideration of the
philosophy of various fields of knowledge, combining scientific and research, natural, technological, and medical aspects. This
project was implemented using the TinkerCad Circuits software environment and the Arduino hardware and software platform.
This provided a convenient way to simulate and test the software sketch without having to have a physical Arduino UNO board.
The combination of TinkerCad Circuits and Arduino gave us a high level of flexibility and speed in developing and testing the
software sketch. This approach made it possible to eliminate possible errors in the physical implementation of the device on the
Arduino platform.

Getting to know the Arduino platform usually involves the following steps:

1. Overview of a specific board, for example, UNO.

2. Installing on a personal computer Arduino IDE, which is the main software for developing and programming Arduino.

3. Registration in simulation services such as TinkerCAD, Wokwi. Such environments provide the ability to simulate and

test Arduino applications without access to the physical board.

4. Definition of the structure of the program code.

5. Understanding the task, and its algorithmization with sketch writing.

6. Simulation modeling, debugging, and uploading the sketch to the controller.

The first sketch is traditionally devoted to flashing an LED. Already at this initial stage, we propose to combine
informatics and natural sciences into a single project "Development of a physiotherapeutic laser device for the treatment of
rhinitis." The project can be implemented in institutions of secondary education, professional pre-higher education, and higher
education.

The project involves several types of activities, namely: cognitive, creative, research, and practical, because students
have:

— repeat and generalize the main physical properties of light;

— reveal the differences in light generation by LEDs and semiconductor lasers;

— to determine the mechanisms of biological action of light;

— to analyze the principles of construction of industrial LED and laser physiotherapy devices;

— develop a model of a simple low-intensity laser therapeutic device for the treatment of rhinitis based on the Arduino

UNO board, write a sketch;

— evaluate the advantages and disadvantages of the proposed model, and identify issues that need to be refined;

— present the results of the project and draw conclusions.

At first, students should focus on studying the "Optics" section of the physics course - the scale of electromagnetic
waves, and the spectrum of light radiation; on the basis of literary sources, determine photophysical and photochemical reactions
that occur as a result of the interaction of light with biological structures. Thus, a treatment method combining optical radiation
and a photosensitizer, i.e. a photosensitive drug, is widely used in various fields of medicine (Zavadska et al., 2021). Next, students
should establish that there is a certain selectivity of biological processes to the wavelength of radiation and a certain limiting
value of the radiation power density for triggering physicochemical reactions (Wieneke & Gerhard, 2018; Yakovenko &
Samoilenko, 2018). The nature of photophysical and photochemical reactions depends on the physical parameters of light, its
penetrating ability, the properties of the tissues themselves, and the phenomena of resonant absorption of energy. For example,
the depth of penetration of optical radiation into biological tissues decreases as the wavelength decreases (Sokrut & Kazakov,
2008). Therefore, studying the literature will allow us to determine the effectiveness of the therapeutic effect by groups of
diseases depending on the wavelength.

Laser radiation plays a special role in phototherapy because of several properties, such as monochromaticity,
coherence, and greater depth of penetration into biological tissues (Baxter, 1994). As a result of this influence, changes occur in
the irradiated tissues at various levels:

1. Subcellular level. Laser radiation can cause excited states of molecules in tissues, promote the formation of free
radicals, coagulation of protein structures, and acceleration of protein synthesis.

2. Cellular level. The influence of laser radiation can change the membrane potential of cells and the permeability of
membranes.

3. Fabric level. Laser therapy can change intercellular fluid pressure, and improve tissue microcirculation and oxygen
balance.

4. System level. Exposure to laser radiation can cause adaptive neuro-reflex and humoral reactions in the body.

The next stage of the project is the analysis of the principles of operation of industrial phototherapy devices, for
example, K-Laser (K-Laser USA), Photizo Vetcare (Medlight SA), BioPhotas Celluma (BioPhotas Inc.), Handy Cure (Handy Cure LTD),
which should be done according to the main physical and technical characteristics: wavelengths of radiation; radiation modes

26



®izuko-maTtemaTuuHa ocsita / Phisical and Mathematical Education Tom 38, Ne 4 / Vol. 38, No 4 (2023)
(continuous, pulsed, modulated); radiation power; frequency range for pulsed and modulated radiation; exposure time;
therapeutic effect, etc.

Particular attention should be paid to devices designed for the treatment of nasal congestion, allergic, acute, chronic,
neuro vegetative rhinitis Rhinolight (Newtone Technologies), MLS Laser Therapy (ASA Laser), LaserStim (LiteCure Medical),
BioFlex Laser Therapy Systems (Meditech International Inc. ), Healthy Nose (Bionase), "Lika-therapist M", "ATMOS-AntiNasmork".
A careful study of the instructions for these devices will allow you to understand that the treatment is quite typical - the light is
directed to the lower nasal conchas with the help of a nozzle. The power of the laser emitter in them varies from 5 mW to 50 mW,
and the irradiation time is from 2 to 15 minutes on both sides, depending on the specific treatment protocol. The therapeutic
effect is manifested in reducing inflammation, removing swelling of the mucous membrane, narrowing blood vessels, improving
microcirculation and blood circulation, improving detoxification ability, reducing pain, accelerating tissue regeneration, increasing
the anti-allergic ability of the mucous membrane, etc.

Some devices work only in the continuous mode of radiation, however, in numerous literary sources, for example
(Baxter, 1994; Tuner & Hode, 2002; Pantyo, 2009), the perspective of exposure to laser radiation in the pulsed mode is noted.
The pulse significantly reduces the thermal effect on biological tissues, and the correctly set spacing of the pulses allows you to
approach resonance effects. However, there are no recommendations for frequency selection during pulsed irradiation of the
lower nasal concha in the literature, which allows students to creatively approach the development of a model of a laser device.
Therefore, the proposed solutions can be the most diverse both in terms of hardware and software. For example, you can use
laser heads, laser modules with wavelength A = 650 nm, power <5 mW, <10 mW, or use a combination of two wavelengths
(among other parameters) to ensure optimal effect.

Students have to propose the parameters of the impulse operation of the device, write a sketch, evaluate the
advantages and disadvantages of the software code, identify issues that need to be refined, and present the project. The first
ideas are usually implemented using the digitalWrite and delay functions. Deeper knowledge of the programming language allows
you to use the millis function, loop operators, the if-else construction, and interrupts.

A solution with a variable frequency of pulses during irradiation, which reduces the adaptation processes of biological
tissues to a constant stimulus, deserves attention. The use of a bit matrix of laser states allows you to create cyclic irradiation
modes that periodically change each other. Table 1 shows an example of 12 cyclic laser modes. Here, 1 byte encodes 8 bits of
states that change sequentially in 1 second, that is, the minimum time for one state of the laser is 1/8 of a second. If the period
of change of each mode is set to, for example, 10 seconds, then the complete irradiation cycle will be 2 minutes.

Table 1
Bit matrix of laser states
Regime | A sequence of 8 bits Login "1" Logical "0" Logical "1" Logical "0"
(s) (s) (s) (s)
(based on 1 second)

1 11111111 1 - - -

2 00001111 0,5 0,5 - -

3 01110111 0,375 0,125 0,375 0,125

4 00110011 0,25 0,25 0,25 0,25

5 00010001 0,125 0,375 0,125 0,375

6 00000101 0,125 0,125 0,125 0,625

7 00011101 0,125 0,125 0,375 0,375

8 00000001 0,125 0,875 - -

9 11000011 0,25 0,5 0,25 -

10 11100111 0,375 0,25 0,375 -

11 11101111 0,5 0,125 0,375 -

12 01111111 0,875 0,125 - -

An example of a possible version of the code for the Arduino UNO board with processing of the bit matrix of the laser
states according to table 1 is given below.
#include <Wire.h>
#tinclude <LiquidCrystal_I2C.h>
byte modes[] = {
0B00000000,
0B11111111,
0B00001111,
0B01110111,
0B00110011,
0B00010001,
0B00000101,
0B00011101,
0B00000001,
0B11000011,
0B11100111,
0B11101111,
0B0O1111111
13

uint32_t ms, ms1 =0, ms2 =0;
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uint8_t blink_loop = 0;
uint8_t blink_mode = 0;
uint8_t modes_count = 0;
LiquidCrystal_I2C lcd(0x27, 16, 2);
const int potPin = AO;
int laserDuration = 0;
unsigned long startTime = 0;
const int buzzerPin=9;
void setup() {
pinMode(13, OUTPUT);
digitalWrite(13, LOW);
modes_count = 1;
blink_mode = modes[modes_count];
Icd.init();
Icd.backlight();
lcd.clear();
lcd.print("Laser Therapy");
pinMode(buzzerPin, OUTPUT);
}
void loop() {
ms = millis();
if((ms-ms1)>125 || ms<msl){
msl = ms;
if( blink_mode & 1 << (blink_loop & 0x07) ) digitalWrite(13, HIGH);
else digitalWrite(13, LOW);
blink_loop++;
}
if( (ms-ms2)>10000 | | ms <ms2 ){
ms2 = ms;
blink_mode = modes[modes_count++];
if( modes_count >= 12 ) modes_count = 1;
}
int potValue = analogRead(potPin);
laserDuration = map(potValue, 0, 1023, 120, 600);
if (digitalRead(13) == HIGH) {
if (startTime ==0) {
startTime = millis();
}
unsigned long elapsedTime = (millis() - startTime) / 1000;
Icd.setCursor(0, 1);
lcd.print("Time: ");
Icd.print(elapsedTime / 60);
lcd.print(" min ");
if (elapsedTime % 60 < 10) {
Icd.print("0");
}
Icd.print(elapsedTime % 60);
if (elapsedTime >= laserDuration) {
digitalWrite(13, LOW);
startTime = 0;
Icd.clear();
Icd.print("Laser Therapy");
tone(buzzerPin, 1000, 700);
}
}
delay(125);
1
This sketch controls the modes of the semiconductor laser, displays the exposure time on the liquid crystal display, and
emits a sound signal when the exposure time set by the potentiometer has expired. In general, the code consists of 9 main
elements:
1.Connection of libraries: Wire.h - for working with the 12C communication protocol, LiquidCrystal_I2C.h - for controlling
a character liquid crystal display via I12C.
2.Declaration of the modes[] array describing the bit matrix of laser states.
3. Initialize the Arduino board pins and objects, including the pins for the laser, display, and piezo emitter.
4. Implementation of the main loop() cycle.
. Control of laser operation modes in a cycle according to the bit matrix of states defined by the modes[] array.
6. Reading the value of the potentiometer to determine the duration of exposure.
7. Display exposure time in minutes and seconds.
8. Checking the condition of reaching the duration of irradiation and turning off the laser, resetting the time, and
updating the relevant information on the display.
9. Delay stabilizing display.

[€,]
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The electrical circuit uses a semiconductor laser connected to pin 13 of the Arduino UNO board, a character liquid
crystal display 1602 connected via I2C to pins A4 and A5 of the Arduino UNO board, a potentiometer connected to analog input
A0 of the Arduino UNO board, a piezoelectric emitter, connected to pin 9 of the Arduino board. Fig. 1 shows a fragment of a
simulation model of a physiotherapy device, its operation can be checked in the Tinkercad Circuits environment using the web
call: https://www.tinkercad.com/things/IFGmWBOMeyv?sharecode=3JdwxSJU-rgyzuxGwGCGOGn8MShV6Ya72Tz-QdpgVRc.

Laser Therary
Time: 1 min 13

Fig. 1. Simulation modeling of the created physiotherapeutic device in the Tinkercad Circuits environment
(for the simulation, a red LED was used instead of a semiconductor laser with A = 650 nm)

The considered project was implemented as part of the integrated course "Natural Sciences" at the Serhii Prokofiev
Severodonetsk professional art College, which is taught according to the program recommended by the Ministry of Education
and Science of Ukraine for general secondary education institutions (author team led by V.R. lichenko). The specified educational
program allows the implementation of projects in accordance with the material base of the educational institution.

CONCLUSIONS AND PERSPECTIVES FOR A FURTHER RESEARCH

The practical experience of using the project method in STEM education has shown that it allows students to actively
investigate a real problem, apply the acquired knowledge in practice, and develop cooperation, communication, and critical
thinking skills.

Implementation of the project contributes to the combination of various types of activities, such as cognitive, creative,
practical, and research, as well as the development of thinking skills, motivation, and responsibility for one's activities.

The project method in STEM education is an effective tool for developing and improving students' professional
competencies and preparing them for modern challenges in the field of science, technology, engineering, and mathematics.
Implementing the project method makes it possible to provide high-quality training for specialists in natural sciences who can
effectively apply their knowledge and skills in practical situations and contribute to the further development of STEM fields in
Ukraine.

We considered an example of a project involving the development of a physiotherapeutic laser device for the treatment
of rhinitis. The connection between the development of this project and the teaching methodology is based on several provisions.
When creating a physiotherapeutic device, students use the principles of engineering art, and information technology. They
create models, conduct simulations and solve practical problems based on scientific principles. It is these principles that are the
basis of STEM education, which encourages students to actively research, make, and use the acquired knowledge. The successful
development of a physiotherapeutic laser device also requires knowledge of natural sciences and mathematics, which are
components of STEM education. The project method involves the application of a complex approach and taking into account the
philosophy of various fields of knowledge, which allows for the integration of research, natural, technological, and medical
aspects to achieve the set goal.

We believe that the project method creates powerful prerequisites for improving the teaching methods of STEM
disciplines. At the same time, the large-scale development of STEM education in Ukraine requires specialists with scientific and
pedagogical training who have deep multidisciplinary knowledge. A possible direction of research is the study and analysis of
foreign methods of teaching STEM disciplines and the development of a model for the formation of the readiness of Ukrainian
pedagogical staff to apply the project method in STEM education. This may include such aspects as the preparation of teachers
to use the project method, the development of integrated educational materials and practical tasks, and the creation of a
favorable educational environment.
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