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Abstract. This article explores the possibilities and advantages of using the Python programming language together
with Arduino robotics kits in the process of training future computer science teachers in pedagogical educational
institutions. Considerable emphasis is placed on analyzing the principles of operation of the simplest programs and
devices that can be used to visualize the possibilities of using the Arduino platform and Python libraries to create robots
that can be implemented in the educational process and everyday life. The authors have developed the program code and
presented a working model of a robot assembled and programmed on the basis of Arduino components to measure
humidity in computer laboratories and create automatic plant irrigation systems to maintain proper conditions in
classrooms. The article presents an example of integrating the learning of the Python programming language with the
use of Arduino robotics kits. This method is aimed at improving the quality of training of future computer science teachers,
expanding their methodological arsenal and ensuring the ability to teach students using innovative means. The results of
the study and the developed teaching and learning materials will help to interest students in STEM education and prepare
a new generation of computer science teachers for the challenges of the modern technological world, expand their
methodological arsenal and develop the ability to use integrated technical, engineering and mathematical solutions to
solve theoretical and practical problems. In addition, this study can serve as a guide to popularize the use of Arduino and
Python in educational institutions, and encourage future computer science teachers to implement STEM and hands-on
teaching methods, which will contribute to better student learning and improve the quality of professional education in
the field of information technology in general. In general, the study opens up a wide range of opportunities for using
modern digital technologies in professional education and stimulates interest in STEM education among computer
science teachers and students, thereby contributing to the development of a new generation of engineers and technology
leaders. Further research could be aimed at developing specific training courses and methods for integrating the Python
programming language and Arduino robotics kits into STEM education. It is important to create interdisciplinary STEM
courses with the participation of teachers of computer science, physics, mathematics, vocational education in the IT
industry, etc.

Anomauisn. L[ cmammsi 00CHIOHCYE MONCTUBOCIT MA NEPeBAcU BUKOPUCTNAHHSA MOBU npocpamysants Python pasom
3 Habopamu pobomomexuixu Arduino y npoyeci nid2comoexu MauOymHIX GuUMEeNi8 IHOOPMAMUKU 8 Neda2ociuHUx
3aKAA0aX 0C8imu. SHAUHULL AKYEHM POOUMBCS HA AHANI3] NPUHYUNIE POOOMU HAUNPOCMIWUX NPOSPAM | NPUCMPO8, AKI
MOJICHA BUKOPUCMOBYBAMU OIS 8I3yanizayii Moscausocmeil 3acmocygéanis niamgopmu Arduino ma 6ioriomex Python
011 CMBOpeHHs: pobomis, W0 MONCYmMb OYmu 6nposadl’ceHi 8 OCSIMHIll npoyec | NOGCAKOeHHe dcumms. Aemopu
PO3POOUNU NPOSPAMHULL KOO I NPeOCmAUIU NPAYIIYY MOOelb poboma, 3i6panoco ma 3anpocpamosanoe0 Ha OCHOBI
Komnonenmie Arduino 0ns euMIp08anHs 601020CMi 6 KOMRI'IOMEPHUX 1aO0pamopisx ma CMEOpPeHHs. CUCmem
ABMOMAMUYHO20 NOJIUBY POCIUH O NIOMPUMAHHA HANEHCHUX YMO8 Y HABUANLHUX ayOumopisx. Y cmammi HagedeHo
NpuKaIao inmeepayii 8uHeHHs Mosu npocpamysanns Python iz euxopucmanmnam nabopie pobomomexuixu Arduino. Lei
Memoo CnpAMOBAHUL HA NIOGUUEHHS AKOCME NIO20MOBKU MAUOYMHIX 8UUMENI8 IHpOpMAMuUKU, POUUPEHHS IXHbO2O
MemoOUuuH020 apcenaty ma 3abe3nevuents 30amHoCmi Hag4amu Y4Hie 3a 00NOM02010 IHHO8ayitHuX 3aco6i8. Pezyriomamu
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odocridoicentss ma po3poodieni HagUaIbHO-MeMOOUYHT Mamepianu 0onomoxcyms 3ayixasumu yynie STEM-oceimoro ma
niozomyeamu Ho8e NOKOIIHHS UUMeNi6 IHpOPMAMuKU 00 BUKIUKIE CYHACHO20 MEXHOLOSIUHO20 CEIMY, POWUPUIY IXHIll
MemOOUYHULL APCeHan i PO3GUHYMU 8MIHHS GUKOPUCMOBYSAMU [HMEe2POBAHI MEXHIYHI, IHJCEHEPHI Ma MamemMamuiti
pliwienns Onsl GUPIWEHHA MeOPemuyHUX | NPAKmuyHux 3a60amsb. Kpim moeo, ye 00CniodceHHs Modice Cy2ysamu
KepisHuymeom s nonyasipuzayii suxopucmanns Arduino ma Python y nasuanenux 3axnadax, a maxooic 3a0xouysamume
Matbymuix eyumenie ingopmamuxu enposadcysamu STEM ma npaxmuuni mMemoou HAGUAHHA, WO CApUSMUME
KpaujomMy 3aC80EHHIO CMYOeHMamu Mamepianry ma RiOSUWeHHI0 SKOCmi npogeciiinol oceimu 6 2any3i IHPOpMayitiHuxX
mexHo102iu 3a2anom. 3a2anom, O0CAIOHNCeHHA BIOKPUBAE WUPOKULL CNEKMP MONCIUBOCMEN 01 BUKOPUCTNAHHS CYUACHUX
yughposux mexnonoziil y npogecitinivi oceimi ma cmumyinroe inmepec 0o STEM-oceimu cepeo suxiadauie ingpopmamuxu
ma cmyoOeHmis, mum Camum CHPUAIOYU PO3BUMKY HOB020 NOKONIHHA iHoceHepis | mexHono2iunux nidepis. Ilooanvuii
O00CHIOHCEHHS MOACYMb OYMU CAPAMOBAHI HA PO3POOKY KOHKPEMHUX HABYANbHUX KYPCI8 ma MemoOux inmezpayii Mogu
npoepamyeants Python i nabopie pooomomexnixu Arduino 6 STEM-oceimy. Basicnuso cmeoprosamu misxcoucyuniinaphi
STEM-kypcu 3a yuacmi euxnaoauis inpopmamuru, @izuxu, mamemamuxu, npogeciunoi ocsimu 6 IT-eany3i mowo.
Keywords: Arduino; Python; STEM education; Arduino programming; computer science teacher.
Kumrouosi ciioBa: Arduino; Python; STEM-ocgirta; nporpamysansst Arduino; Buutens iHGOPMATHKH.

INTRODUCTION

Nowadays, robotics and programming are becoming more and more popular and integrated into education. Robots
are becoming an integral part of our daily lives and education. For example, we use them to process Bigdata or to observe
phenomena that require round-the-clock monitoring.

This also applies to education, as the inclusion of robotics in educational programs guides us to understand the
principles of robotics and programming for computer science teacher education. This study also takes into account the
importance of integrating STEM (science, technology, engineering, math) technologies into the educational process.

STEM is an approach to education that combines various sciences, technologies, engineering creativity and
mathematical thinking. Interdisciplinarity is an important concept in STEM education and is considered a pedagogical
innovation. The main challenge in developing STEM curricula is the integration of related but independent disciplines.
This requires careful consideration of established ontologies. Science as a way of knowing that helps to understand the
world around us.

e Technology as a way to improve the world, which is sensitive to social changes;
e Engineering as a way to create and improve devices for to solve real-world problems;
e Mathematics as a way of describing the world (analyzing the world and real problems with the help of numbers)" [1].

STEM is a favorable field for the acquisition of scientific knowledge and engineering skills, stimulating the
development of critical thinking and innovative solutions in the field of technology and science. The introduction of
STEM technologies creates a hands-on learning environment that supports the development of creativity and technical
abilities in both students and teachers. STEM is an educational concept that emphasizes the scientific, technological,
engineering and mathematical components of learning. This approach aims to develop students' critical thinking, problem-
solving, creativity, and practical skills, laying the groundwork for future scientific and technological innovations. STEM
education not only trains a new generation of science and technology professionals, but also raises the intellectual level
of society and contributes to the development of engineering solutions to various global challenges. This approach is
widely used in modern educational programs and promotes creative and innovative solutions to complex problems in all
spheres of life. The level of development of educational systems achieved in developed countries is a significant factor
in their intellectual, economic, social, scientific, technical, innovative, technological and cultural progress, which largely
ensures the stability and evolutionary nature of development in these countries, improves the quality of life, deepens
democratic processes, and gradually increases the spiritual and material level of peaceful, creative life of the population
- the main goal of progressive development of man and society[2].

According to the  methodological recommendations  for  the  implementation of STEM
https://zakon.rada.gov.ua/rada/show/v1470777-17#Text (Access mod) , one of the most relevant areas of modernization
and innovative development of natural-mathematical and humanitarian education profiles is a STEM-oriented approach
to learning, which promotes the popularization of engineering and technology professions among young people, raising
awareness of their career opportunities in the engineering and technology field, and forming a sustainable motivation to
study the disciplines on which STEM education is based.

Robotics is one of the fields of application of STEM education. It is an applied science that deals with the creation of
automated technical systems. In the educational process, robotics is implemented through the use of modular kits that,
with the help of information and communication technologies and educational tools, enable students to acquire skills in
designing robots and writing programs to control them.

LITERATURE ANALYSIS

Research results and numerous publications show the significant potential of using the Python programming language
to control robots on the Arduino platform. This topic has been addressed by such scientists as V. Krushynskyi, Y.
Lebedieva, V. Loshak, D. Montefusco, E. Chornyi, E. Myronenko, and O. Lysenko.

Python is a widespread programming language that simplifies the project development process. It has a large user
base and many libraries suitable for programming Arduino robots. Many publications provide code examples and explain
how Python and Arduino interact, allowing you to extend the functionality of robots and create new programs.
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In addition, using Python to control Arduino robots has great potential in STEM education. Python is a programming
language accessible to beginners, making it easy to learn coding and programming skills for robots. Python is widely used
in educational projects and robot programming programs, which demonstrates its popularity in this area.

Arduino is a popular platform for developing electronic projects, and using Python in conjunction with it simplifies
and improves the development process of such projects. The Python programming language is known for its simplicity
and accessibility, making it an ideal choice for both beginners and experienced developers. Another significant advantage
is the large Python user community and various functional libraries that facilitate interaction with Arduino, expand the
capabilities of robots, and allow you to create new programs. A large number of publications and code examples are
available, making the process of learning and developing for Arduino with Python clear and informative.

OBJECT, SUBJECT, AND METHODS OF RESEARCH

The purpose of this study is to explore the potential benefits of using the Python programming language in combination
with the Arduino platform in STEM education. The study examines how this combination of tools can be useful for
computer science teachers and create an interactive and hands-on learning environment for students.

The study of the use of Python and Arduino in STEM education is an urgent task. Currently, the level of digital
competence among teachers does not fully meet the requirements of the modern technological era. The introduction of
programming and robotics in schools creates the prerequisites for training qualified engineers and technicians in the
future. STEM education enables the organic integration of natural sciences, technologies, engineering and mathematical
knowledge to solve practical problems. This helps develop the ability to apply knowledge in practice, stimulates interest
in science, and improves logical thinking.

The Arduino platform is an ideal tool for STEM education due to its accessibility, simplicity, and versatility. Arduino
boards can interact with a variety of sensors and devices to collect environmental data and control motors, lights, pumps,
and more. Programming these devices using Python opens up great opportunities for interactive and project-based
learning. Students can create weather stations, smart home systems, robots, and more.

The study aims to analyze the application of Arduino and Python in educational projects, specifically in creating a
system for measuring humidity and an automated irrigation system. The study will focus on the principles of collecting
sensor data, processing them in Python, and controlling actuators to enhance the understanding of software and hardware
interactions. This text demonstrates the potential of using Arduino and Python to create solutions for real-life tasks.

The study's results will serve as methodological guidelines for teachers on the use of programming and robotics in
STEM education. The proposed projects can be modified and adapted to different age categories and used to teach
computer science, physics, mathematics, engineering, and technology. Involving schoolchildren in the creation of such
solutions can increase motivation and develop logical and computational thinking, as well as skills in the exact sciences
and engineering. Therefore, studying the use of Python and Arduino has significant practical significance for improving
the quality of STEM education, developing effective teaching methods, and training IT teachers.

RESULTS

This study was conducted within the framework of the research laboratory on the use of information technology in
education at Vinnytsia State Pedagogical University (VSPU) and the Institute of Digitalization of Education of the
National Academy of Pedagogical Sciences of Ukraine. This issue is relevant for the development of education in general.
During theresearch, itwasconcludedthat the Arduino platform can be used to developcontrolsystemsfor switches and
sensors. Such systems can control a widerangeof indicators, motorsand other devices; Arduino-based modules are
autonomous and can interact with software running on a computer. Thus, Pythonassoftwarecanbeusedto implement a
wide variety of projects that benefit society. Therefore, various Python librariescan be usedto work with Arduino,
including the following:

e PySerial - this library allows you to communicate between Python and Arduino using the Serial port. It allows you to
open, close, and configure the Serial port, as well as transfer data from Python to Arduino and back.

e Firmata - this library allows you to use the standard Firmata protocol to communicate between Python and Arduino.
It allows you to control the pin outputs and read data from sensors using common Firmata commands.

e PyMata is a Python wrapper for the Firmata library. It allows you to use a more convenient and simpler interface to
interact with Arduino. PyMata allows you to control pin pins, read data from sensors, control servos, and much more.

e Arduino - this library allows you to write code for Arduino directly in the Python environment. It allows you to rewrite
Arduino sketches in Python and use them to control your robot.

e Johnny-Five is a library that allows you to interact with Arduino and other boards using JavaScript. It supports many
different sensors and devices, and has a convenient and simple interface for interacting with them.

An example where we used Python libraries and Arduino sensors is to collect data on indoor humidity and save this
data in a text file.

The main element for collecting data on indoor humidity is a humidity sensor. One of the most common humidity
sensors is the DHT11. We can connect this sensor to the Arduino and use PySerial to collect the data and write it to a text
file.

Below is the code to collect the humidity data using the DHT11 sensor and save the data to a text file (Fig. 1.).
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serial

time

ser = serial.Serial(

data = ser.readline().decode().strip()
data:
humidity, temperature = data.split( )

(

file.write(

t KeyboardInterrupt:
ser.close()

Fig. 1. Code for collecting indoor humidity data

Thus, when you start the program and our robot, the process of data processing takes place. Our library connects to

the Arduino board and starts a loop to process the data received from the DHT11 sensor and the end result is a file in
which we will have data on time, humidity and temperature (Fig. 2.).

Humidity sensors that collect data
on the state of humidity and m
computer-grade air

Connecting such a sensor All of this gives us the
to the Arduino and using opportunity to
the PySerial library allows us combine two different areas
to use these sensors into one for mutual use

The result is the ability
to process data and a convenient —
way to store it for later use

Fig. 2. Arduino and Python interaction scheme for controlling robots
Another example is an automatic garden irrigation system using Arduino, soil moisture sensors, and pumps (Fig. 3).

serial
time

ser = serial.Serial(
():

ser.write(

0:

ser.write(

moisture_data = ser.readline().decode().stxip()

moisture = int(moisture_data)

© moisture <

pump_on()

pump_off()

time.sleep(1)

Fig. 3. Code for an automatic irrigation system
An automatic garden irrigation system uses a variety of elements and components. The main components for this are:
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e Arduino - a microcontroller that is responsible for controlling the system and collecting data from the sensors.
o Soil moisture sensors - they measure the moisture level in the soil and transmit the data to the Arduino.
Soil moisture sensors are used to measure soil moisture, which are capable of determining moisture based on measuring
the resistance between two electrodes installed in the soil. Soil moisture sensors can have different moisture measurement
ranges, accuracy, and response speeds.
The most popular soil moisture sensors are:
e Capacitive Soil Moisture Sensor
e Resistance Soil Moisture Sensor
e Frequency Domain Reflectometry Soil Moisture Sensor

Any of these soil moisture sensors can be used for an automatic garden irrigation system, depending on the specific
needs and requirements.

- Pumps - used to provide watering, with their operation controlled by the Arduino.

- Relays - These are used to control the pumps to turn on and off depending on the moisture level in the soil.

- Power supply - power supplies for Arduino, sensors, and pumps are used.

- Communication elements - USB cables and Bluetooth modules can be used to provide communication between the
Arduino and a computer, as well as to program the microcontroller.

- Housing and other materials - a variety of materials such as plastic, metal, wood, etc. can be used to create an
irrigation system, as well as tools and small parts to assemble and configure the system.

Also, to develop professional competencies, you can find many resources on the Internet for creating various projects
based on the Arduino platform.

- https://www.arduino.cc/en/software - the official website with the software

- https://all3dp.com/2/most-useful-arduino-projects/ - Arduino projects

- https://projecthub.arduino.cc/ - Arduino projects on the official website

The use of these innovative and informational [5-6] technologies to provide future skilled workers with constant access
to educational materials makes it possible to work on the educational material independently at a convenient time and in
a convenient mode, allows you to free up time in the classroom for the educational process of high-quality professional
training of future skilled workers in the service sector [4].

CONCLUSIONS

This research explored the possibilities and benefits of using the Python programming language in combination with
the Arduino platform for training computer science teachers and creating interactive learning environments in the context
of STEM education. The study analyses the principles of Python libraries, such as PySerial, Firmata, and PyMata, that
facilitate communication between Python and Arduino, control of pins, and reading of sensor data. The text provides
specific examples of projects that use Arduino and Python, such as a humidity measurement system that uses a DHT11
sensor and saves data to a text file, and an automatic garden irrigation system that uses soil moisture sensors. The
importance of integrating STEM technologies into the educational process is emphasised, as it promotes critical thinking,
the development of creative and practical skills, and the creation of innovative approaches to problem-solving. The study
concluded that the combination of Python programming language and the Arduino platform aligns with the principles of
STEM education.

It holds promise for both the educational process and for creating useful inventions and projects for the benefit of
society. These technologies are simple and accessible, making it possible to develop innovative approaches in education
and to encourage interest in STEM among teachers and students.

The results of the study indicate that the educational materials developed using Arduino and Python have the potential
to enhance vocational teacher training, expand their methodological arsenal, and develop their ability to teach using
innovative technologies [7-9].

Further research could focus on developing specific training courses and methods for integrating Python, Arduino,
and STEM into educational programs for both teachers and students. Creating interdisciplinary STEM courses with the
participation of teachers from computer science, physics, mathematics, and other related fields is crucial. Such courses
can aid in the development of well-rounded specialists for the future.
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