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HARNESSING THE POWER OF ARDUINO SIMULATORS FOR EFFECTIVE
IOT EDUCATION

Purpose. The Internet of Things (10T) is changing the way we interact with the world around us. By connecting the de-
vices and systems around us through the Internet, this technology is driving innovation in a multitude of industries. It in-
creases the demand for professionals with knowledge and skills in 10T systems and technologies. To meet this demand, edu-
cational institutions are increasingly incorporating loT-focused curricula and hands-on training for information technology
professionals. This paper aims to explore the role of Arduino simulators in 10T training, especially in distance learning, and
to comprehensively analyze the functionality and benefits of these virtual tools.

Research methods. A combination of literature review and analysis of popular Arduino simulators, by studying their
advantages and disadvantages in the context of 0T learning.

Scientific novelty. An in-depth examination of the advantages of Arduino simulators as a powerful tool for teaching
10T in a distance learning environment. Providing a comprehensive analysis of their functionality and integration strategies,
the importance of these virtual platforms in IoT education is justified.

Practical significance. The benefits of Arduino simulators are to demonstrate 10T education in distance learning envi-
ronments. The analysis can contribute to developing effective strategies for using these virtual tools in loT education. The
potential of Arduino simulators for facilitating access to quality education and training of skilled professionals in the field of
information technology is also highlighted.

Results. The study demonstrates the effectiveness of Arduino simulators in improving the quality of IoT education in
distance learning. Through a detailed analysis oftheir functionality and benefits, the paper demonstrates the potential of these
virtual platforms in developing interactive and dynamic learning experiences. The study highlights the applicability of Ar-
duino simulators for facilitating teacher-student interaction, enhancing collaborative project development and experience
sharing, and facilitating assessment of learning achievements.

Key words: Arduino simulators, 10T education, virtual platforms, pedagogical strategies, distance learning, blended
learning.

The problem and its connection with scientific and practical tasks. The Internet of Things
(1oT) is rapidly evolving and becoming an integral part of modern society, with its ubiquitous presence
in industries such as healthcare, agriculture, smart cities, and Industry 4.0. This technology connects
the devices and systems around us to the Internet allowing real-time data collection, analysis, and
decision-making [1,2].

IoT education faces many challenges, especially implementing distance learning programs.
Traditional teaching methods have often been based on hands-on activities with physical equipment,
which are difficult to replicate in remote environments. In addition, the dynamic and interdisciplinary
nature of the IoT requires teachers to use innovative approaches to convey complex concepts and
develop practical skills in students.

Arduino simulators have become a powerful solution to these challenges, offering a virtual
environment that exactly mimics the functionality of physical Arduino boards. These simulators allow
students to learn, practice, and experiment with programming and electronics, even in remote
environments, and provide instructors with versatile tools to create engaging and interactive learning
experiences.
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Analysis of the recent research. Research in 10T education shows that Arduino is becoming an
increasingly popular and widely used platform for learning programming and electronics [3-5]. This
electronic platform allows students to learn programming and electronics by creating interactive pro-
jects, providing hands-on experience with basic 10T concepts such as sensors, actuators, communica-
tion protocols, and data analysis. As a convenient and versatile tool, Arduino plays an important role
in preparing students for an loT-based future [6-9].

Setting the task. The objectives of the study are to analyze the effectiveness of Arduino simula-
tors when used in distance learning to improve students' learning of loT concepts, as well as the ad-
vantages and challenges oftheir use in the educational process.

Research material and results. Arduino simulators have become an innovative solution for loT
training, especially in distance learning environments where access to physical equipment may be
limited. These virtual platforms offer detailed emulation of Arduino boards, allowing students to learn
programming and electronics concepts in a safe and controlled environment.

Based on the Arduino project, an open-source hardware and software system aimed at simplifying
electronic project development, Arduino simulators were developed and evolved along with the grow-
ing interest in the 10T field. As the demand for affordable and cost-effective training tools grew, soft-
ware developers introduced simulators that accurately reproduce the behavior of Arduino boards in a
virtual environment [10]. These include the web-based simulators Wokwi [11], Tinkercad Circuits
[12], and simulators in the form of desktop applications - Fritzing [13] and SimulIDE [14].

wiova M USS
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Fig. 1 The appearance of the Wokwi Web Simulator with the downloaded project [15]

These simulators include a range of features designed for novice and experienced users, offering a
versatile learning experience for students with varying levels of familiarity with electronics and pro-
gramming. They typically provide:

Realistic emulation: simulators aim to provide an authentic Arduino experience by emulating the
behavior of genuine physical boards. This accurate replication allows students to test and verify their
code, providing valuable insight into the real-world performance oftheir projects;

Integrated Development Environment (IDE): many Arduino simulators are equipped with an inte-
grated development environment that allows users to write, compile, and download code to the virtual
board. This feature greatly simplifies the learning process by offering a single platform for both soft-
ware development and hardware emulation;

Component libraries: for simulating a wide range of electronic projects, Arduino simulators offer
extensive libraries of virtual components, including sensors, actuators, and display modules. These
extensive libraries allow students to explore different aspects of 10T systems and experiment with a
variety of configurations;

Cross-platform: many Arduino simulators are presented as web applications, allowing them to be
used on different operating systems. It also means there are no significant hardware requirements for
using these tools.
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Arduino simulators have many advantages. These virtual tools provide an affordable, efficient,
and cost-effective alternative to physical equipment, making it easier for educators to teach loT con-
cepts and promote the development of practical skills in students. Among these benefits are:

Accessibility: By eliminating the need for physical hardware, Arduino simulators make 10T learn-
ing more accessible and inclusive. Students who do not have the means to purchase Arduino boards
and components can learn programming and electronics using these virtual platforms;

Cost-effective: Arduino simulators provide a cost-effective solution for IoT education by reducing
the costs associated with purchasing, maintaining, and upgrading physical equipment. This financial
advantage allows educational institutions to allocate resources in better way and invest in other aspects
of the curriculum;

safety: Working with electronics and hardware components can be risky, especially for inexperi-
enced students who may accidentally damage equipment or injure themselves. Arduino simulators
provide a safe learning environment in which students can experiment with programming and elec-
tronics without the risk of damaging equipment or injuring themselves;

Instantfeedback: Arduino simulators allow students to receive immediate feedback on their code
and circuits. This instant feedback allows them to identify errors and troubleshoot more effectively,
leading to a deeper understanding of basic concepts and promoting the development of problem-
solving skills;

Scalability andflexibility: With extensive component libraries and the ability to emulate multiple
Arduino boards, simulators provide a scalable and flexible learning platform that can adapt to different
educational needs. Teachers can design lesson plans and assignments to suit different training levels
and learning objectives, ensuring student engagement and interest throughout the course.

With distance learning becoming an everyday reality in our education, the necessity of including
Arduino simulators in distance 10T courses is essential. It allows a blended learning approach, enhanc-
es students' ability to work collaboratively on projects, provides an interactive assessment of students
during their work, and allows for iterative project development.

The challenge in using simulators in learning loT can be the lack of physical interaction with Ar-
duino electronic boards and components. In addition, simulators may have limited support for some
hardware components and sensors. Teachers should consider these difficulties when designing appro-
priate training courses. At the same time, the benefits of using Arduino simulators to teach 10T princi-
ples outweigh the challenges, especially in a distance learning context.

Conclusions and directions for further research. The Internet of Things has quickly become a
crucial field for a variety of industries as well as for everyday use. As a result, the necessity for effec-
tive 10T training has become paramount, especially in distance learning environments, where tradi-
tional teaching methods can become ineffective. Arduino simulators have proven to be an effective
solution to the challenges faced by teachers and students alike, offering an affordable, cost-effective,
and fun platform for learning programming and electronics.

The analysis of the use of Arduino simulators in 10T training allows us to move on to developing
strategies for incorporating these virtual tools into the distance learning environment and using their
potential to create interactive and dynamic learning experiences.

Developments in technology provide many opportunities for further research and development in
introducing Arduino simulators into 10T education, which are versatile and powerful resources for
teachers and students alike. By using the capabilities of these tools, it is possible to create an environ-
ment in which access to quality 10T education has been enhanced, learning efficiency is improved, and
new information technology professionals have been trained.
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KprBOpi3bKWil HaLiOHaTbHWUIA YHIBEPCUTET

OOCNIIKEHHSA BMNINBY PEXXUMIB OBTUCHEHHA HA BUTPATW EHEPTIT MPU
XOJIOAHOMY MPOKATYBAHHI TOHKUX TINCTIB

MeTa: focniguTyi NpoLec Xo0N0AHOro NPOKaTyBaHHA TOHKMUX CTasIeBUX /IUCTIB 3a [OMOMOrOH iHXeHepHOT nporpamu
DEFORM 3D p/19 BU3HAYeHHA eHeprocuioBUX rnapaMeTpis 06po6KM Ta BCTAHOBUTU paLiOHa/IbHI PEXUMU NPOKATyBaHHS
[N5 NiABULLEHHSA eHeproeeKTUBHOCTI NPoLLecy 06TUCHEHHS.

MeToau foCNifKEHHA: AN AOCNiMKEHHSA NPOLECiB, L0 BigOyBatOTLCA NPU BUrOTOB/IEHHI TOHKOIO IMCTA 3i CTa/1eBOro
martepiasly MeTOLOM XO/I0AHOTO NPOKaTyBaHHS, 6yN10 BUKOHAHO MOAENIOBAHHA 3 BUKOPUCTAHHAM KOMMHOTEPHOI Nporpamm
DEFORM 3D, siKa [03B0/1Si€ TOYHO BU3HAUMUTY TEXHO/OTIKO XONOAHOIO NPOKaTyBaHHS Ta BUTPaTK eHeprii Ha npouec. Mig
4yac MOJENtoBaHHA Oyio CTBOPEHO MOfEe/b MPOLIECY XOMOAHOT 06pOOKM TOHKOrO NUCTa; 3aaHi NoyvaTKoBi AaHi, pexxvmu
06TUCHEHHS | TemnepaTypa 06po6KKM, NapaMeTpy pyxy NPOKaTHUX Ba/IKiB Ta 06p06/1H0BaHOI CMyTU, KoeilieHT TepTs; 06-
paHo MaTepias 3aroTOBKM i BCTAHOB/IEHO MOr0 BIACTUBOCTI. BM3HaueHO TuM 06°eKTiB MOAE/NOBaHHS, A€ BCTaHOB/MEHO, LU0
IHCTPYMEHT Mae XOPCTKUIA Tun, a 06pobatoBaHuili MaTepian - NAaCTUYHMIA. [ONOBHUM MPU3HAYEHO BEPXHI NPOKATHWIA
Ba/I0K. [pn MoLentoBaHHiI MpoLecy X0N0AHOro NPoKaTyBaHHA IMCTOBOIO Martepiasly BUKOPUCTOBYBABCA aHani3 JlarpaHxa.
Byno BM3HAYeHO KifbKiCTb KPOKIB MOAENIOBaHHSA, AKa fopiBHIoBana 100. O6pobka Bigbysanacs y cuctemi S.

HaykoBa HOBM3Ha: BrepLUe OTPUMAaHi aHaNiTUYHI 3a/1eXHOCTI [i19 BU3HAUYEHHSA EHEProcuIoBYX NnapaMeTpiB X0N04HO-
ro NpoKaTyBaHHs TOHKUX CTa/IeBUX JIMCTIB 3a JOMOMOIOH MOZENOBAHHS MPOLLECY METOAOM AUCKPETHUX e1eMEHTIB

MpakTyHa 3HaYMMICTb: BM3HAYEHO paLliOHa/IbHI PeXXMMU 06pPOOKN MeTasly AN YAOCKOHANIEHHA TEXHO/OMYHOro
MpoLecy X0M0AHOr0 NPoKaTyBaHHA TOHKUX JIUCTIB.

PesynbTaTn. BrKOHaHO AOCMIMKEHHS NPOLECY NAacTUYHOI Aedopmallii MaTepiany 3a KpMBOMIHIHOIO CITKOH, BU3HA-
YeHO Mosie BEKTOPHUX NepeMilLLieHb | BCTaHOB/IEHO, L0 MaKCUMa/lbHe NepeMillieHHs CTaneBoro mMartepiany 3A4iCHIOETbCS Mif,
[iet0 BepXHbOro NPOKATHOro BasKa, JOCNIMKEHO PO3NOAIN HanpyXeHo-4ehopMoBaHOro ctaHy o6pobnoBaHoro marepiany i
BM3HAYEHO MaKCVMa/bHi HanpyXeHHA B 30Hi feopmalil. BUBYEHO po3noAin 3ycunib NpoKaTyBaHHS i KPYTHOrO MOMEHTY,
L0 [03BOMAMO BM3HAYMTM TXHI MakCUMaslbHi 3HAYeHHS, AKi CMOCTepiraloTbCA Ha 7-9 cekyHAi 06pobkn. B noganbLiomy
BE/IMYMHA LIMX MOKA3HWKIB 3MEHLLYETbCSA Yepe3 3HUKHEHHS 3aXOMI0BaHNX CU | BCTAHOB/IOETLCA CTa/WIA NMPOLEC XOOAHO-
ro NpoKaTyBaHHs.

Knoy4oBi cnoBa: MoAentoBaHHA, ocepefok Aedpopmallil, NPOKaTHWIA BaIOK, TOHKUIA NNCT, XONOAHa NPOKaTKa, BUTPaTK
eHeprii, KoMn’l0TepHa nporpama

Mpob6nema Ta i 3B’A30K 3 HAYKOBUMMW Ta MPaKTUYHUMMK 3aBAAHHSAMW. Y MeTanypriiHiin npo-
MWCNOBOCTI A4/18 OTPUMAaHHS TOHKMX NINCTIB LUMPOKO BUKOPUCTOBYHOTLCA TEXHOMONIT NPOKaTyBaHHS B
X0NOAHOMY CTaHi. Takuil TEXHOMOTiYHMIA NpoLec A03BONAE OTPMMATU NNCTOBI BUPOOM TOUYHOTO pPO3-
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