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Purpose. The Internet of Things (loT) is changing the way we interact with the world around us. By connecting the
devices 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, educa-
tional institutions are increasingly incorporating loT-focused curricula and hands-on training for information technology pro-
fessionals. This paper aims to explore the role of Arduino simulators in IoT 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 10T learning.

Scientific novelty. An in-depth examination of the advantages of Arduino simulators as a powerful tool for teaching loT
in a distance learning environment. Providing a comprehensive analysis of their functionality and integration strategies, the
importance of these virtual platforms in 0T 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 10T 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 10T education in
distance learning. Through a detailed analysis of their 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 Arduino
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.

doi: 10.31721/2306-5451-2023-1-56-34-37

The problem and its connection with scientific and practical tasks. The Internet of Things (10T)
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 10T 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.

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, communication
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 simulators
when used in distance learning to improve students' learning of 10T concepts, as well as the advantages
and challenges of their use in the educational process.
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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 lim-
ited. These virtual platforms offer detailed emulation of Arduino boards, allowing students to learn pro-
gramming 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 growing
interest in the 10T field. As the demand for affordable and cost-effective training tools grew, software
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 SimullDE [14].
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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 of their 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 software
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 ex-
tensive 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.

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 IoT concepts
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 learning
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 10T 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;
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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 pro-
vide a safe learning environment in which students can experiment with programming and electronics
without the risk of damaging equipment or injuring themselves;

Instant feedback: 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 and flexibility: 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, enhances
students' ability to work collaboratively on projects, provides an interactive assessment of students dur-
ing their work, and allows for iterative project development.

The challenge in using simulators in learning 10T 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 principles
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 effective
loT training has become paramount, especially in distance learning environments, where traditional
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 loT education, which are versatile and powerful resources for teach-
ers and students alike. By using the capabilities of these tools, it is possible to create an environment 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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KpuBopi3bKuii HallioHATBHUN YHIBEPCUTET

JOCJII)KEHHSA BILIMBY PEXKUMIB OGTUCHEHHS HA BUTPATHU EHEPI'Ii ITPH XO-
JIOOJHOMY INPOKATYBAHHI TOHKHUX JIUCTIB

Mera: JOCHIIMTH MPOLEC XOJOAHOTO NPOKATYBaHHSA TOHKHMX CTaJ€BHX JIMCTIB 3a JIONOMOTOIO iHXEHEPHOI porpamu
DEFORM 3D mist BU3HaU€HHSI €HEPTOCHWIOBHX IapaMeTpiB 0OpOOKH Ta BCTAHOBHTH palliOHATIbHI PEKUMH IIPOKATyBAHHS JUIS
I IBUIIEHHS €Heproe()eKTUBHOCTI ponecy OOTHCHEHHS.

MeToau A0CTiIZKeHHS : IS TOCHIKEHHS TIPOLIECiB, 110 BiOYBaIOTHCS MPU BUTOTOBJICHH]I TOHKOTO JIMCTA 31 CTaJIeBOTO
Marepially METOJIOM XOJIOJHOTO NPOKaTyBaHHs, OYJI0 BUKOHAHO MOJIENIOBAHHS 3 BUKOPHUCTaHHSIM KOMIT IOTEPHOI IPOTpaMH
DEFORM 3D, sika 103B0JIsI€ TOYHO BU3HAYUTH TEXHOJIOTIIO X0JIOHOTO MPOKATyBaHHS Ta BUTPATH €HEpTii Ha mpoiiec. [1ig gac
MOJIeII0BaHHs OyJI0 CTBOPEHO MOJEND MPOLECy XOI0IHOI 0OPOOKH TOHKOTO JHCTa; 3aJaHi II0YaTKOBI J1aHi, peKUMU 0OTHUC-
HEHHJ 1 TeMIiepaTypa o0poOKH, mapaMeTpy pyxXy IPOKaTHHUX BaJIKiB Ta 00pOOIIOBaHOT CMYTH, Koe(ilieHT TepTs; 00paHo Ma-
Tepiaj 3aTOTOBKH 1 BCTAHOBJICHO HOTO BIacTHBOCTi. Bu3HaueHo THIT 00’ €KTIB MOENIOBAaHHS, 1€ BCTAHOBIICHO, III0 iIHCTPYMEHT
Mae )KOPCTKUIA THII, a 00pOOIIIOBaHMI MaTepial — IIacTHYHUH. ['0JIOBHUM IpM3HAYCHO BEPXHill MpokaTHHil Banok. [Ipu mo-
JIeIIOBaHHI IIPOIECY XOJI0IHOTO NPOKAaTyBaHH JIMCTOBOTO MaTepialy BUKOPHCTOBYBaBcs aHali3 Jlarpamxka. Byino Bu3HaueHO
KUIBKICTh KPOKiB MOZAETIOBaHHS, sika qopiBHIoBana 100. O6poOka BinOyBanacs y cucremi SI.

HayxoBa HOBW3HA: BIEpIIe OTPUMaHI aHATITHYHI 3aJI€KHOCTI JUTs BU3HAUCHHS CHEPrOCWIOBUX MapaMeTpiB XOIOTHOTO
MPOKATYBAHHS TOHKHUX CTAJIEBHX JHCTIB 3a JOTIOMOTOIO MOZIETIOBAHHS MPOIECY METOJIOM JUCKPETHHX €JIEMEHTIB

I[pakTHYHA 3HAYHMICTH: BU3HAYCHO PAIlIOHATBHI PEXUMHI 00POOKH METaITy JJIsl yI0CKOHAIEHHS TEXHOJIOTIYHOTO MPO-
LIECY XOJIOAHOTO NMPOKATyBaHHS TOHKHX JINCTIB.

PesyabTaTn. BukoHaHO TOCTIIKEHHS NPOIIECY IUIACTHYHOI AedopMarii MaTepialy 3a KpUBOJiHIHHOIO CITKOIO, BU3HA-
YEHO TI0JIe BEKTOPHUX MEPEMIILICHb i BCTAHOBIICHO, III0 MaKCHUMAaJIbHE TIEPEMIIIEHHs CTaJIeBOT0 MaTepiay 3MiHCHIOETHCS i
Ji€I0 BEPXHBOTO MPOKATHOTO BaJKa, TOCTIKEHO PO3IO/LT HAPYIKEHO -1e(OPMOBAHOTO CTaHy 0OpOOIIOBAHOTO MaTepiaiy i
BU3HAUYEHO MAaKCHMaJIbHI HANIpYXeHHS B 30Hi fiehopmariii. BuBueHo po3moist 3ycrinb mpoKaTyBaHHs i KpyTHOTO MOMEHTY, IO
JIO3BOJIMJIO BU3HAYMTH TXHI MAaKCHUMaJIbHi 3HAUSHHS, sIKi CriocTepiraoThes Ha 7-9 cekyHai o0poOku. B nopanpimoMy BennunHa
IIMX TTOKa3HUKIB 3MEHIITYEThCS Yepe3 3HUKHEHHS! 3aXOIIIOBAHMX CHJI i BCTAHOBIIIOETHCS CTANINI MIPOLIEC XOJIOAHOTO HPOKaTy-
BaHHS.

KirouoBi ciioBa: MozenioBanHs, ocepeiok redopmarii, IPOKaTHUH BAIOK, TOHKHI JIUCT, XOJIOHA MPOKATKa, BUTPATH
€Heprii, KoMIT I0TepHa Iporpama
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IIpo6yema Ta ii 3B’A30K 3 HAYKOBMMH TA NPAKTUYHUMU 3aBIAHHAMMU. Y METaTypriiiHiid mpo-
MUCIIOBOCTI JUIS OTPUMaHHS TOHKHUX JIMCTIB IIMPOKO BUKOPHUCTOBYIOTHCS TEXHOJIOT] MMPOKATyBaHHS B
XO0JoIHOMY cTaHi. Takuii TeXHOJOTTYHMI TPOoLIeC J03BOJISIE OTPUMATH JIMCTOBI BUPOOM TOYHOTO PO3-
Mipy Ta BUCOKOT SIKOCTi SIK 30BHIIIHBOI OBEPXHi, TaK 1 BHY TPIlIHBOTO 1Iapy. [Iponec xonoanoro mpo-
KaTyBaHHS € JIOBOJI TPYAOMICTKHM; KpIM TOTO, JUTsl HOTO peaitizaliii HoTpiOHI BEJIMKI BUTPATH €HEepril
Ta CKIaaHe o0amHaHHs. Po3nomin 3ycuis i gedopmarltii mpu 0OTUCHEHHI i 9ac X0J0IHOI 00poOKHU
JUy’Ke CKJIaJTHO JOCITIUTH Y BUPOOHUYHX yMOBAX Yepe3 Ay»e BUCOKY BAPTICTh TAKUX EKCTIEPUMEHTIB.

BukoprcTaHHS! KOMIT IOTEPHUX TPOTrpaM, 31aTHUX BIATBOPIOBATH MpPOLECH 0OPOOKH METaliB THC-
KOM, JIO3BOJUTH 3HAYHO CIPOCTUTH YMOBH JIOCIIJDKCHHS MPOIIECIB MPOKATHOTO BUpOOHUITBA. Taki
MPOTrpaMH JIO3BOJISIOTH CTBOPIOBATH MOJIEII, SIKi TOYHO Bi0OpakaroTh mapamMeTpu 00pOOKH THCKOM, JIe
MO>KHA MPOCITITUTH yCi TIEPETBOPEHHSI, IO BiOYBAIOTHCS MPU OOTHCHEHHI METalIeBUX JTUCTIB. Jloci-
JDKEHHS TIPOIIECY XOJIOJHOTO MPOKATYBAHHS 3a JIOIIOMOTOI0 IH)KEHEPHOTO MPOTPAMHOTO KOMIUIEKCY
DEFORM 3D e aktyanbHUM, TOMYy IO BOHO JO3BOJSE CYTTEBO CKOPOTHTM 4Hac Ha MpPOBEICHHSA
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