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USING ATMEGA 328 MICROCONTROLLER FOR EFFECTIVE
STUDENT LEARNING

Use of the latest achievements in the field of microcontroller programming, such as the Arduino
platform, allows to qualitatively change the educational process, makes it more intense, increases student
motivation, and makes it possible to implement an individual approach, which is important. And this, in
turn, improves the efficiency and quality of microcontroller programming. The purpose of this study is to
propose an effective methodology for using Arduino Atmega 328 microcontrollers for teaching students
and evaluate the effectiveness of teaching programming based on the use of Arduino Atmega 328 micro-
controllers based on the Kirkpatrick model. The paper presents a broad review of works that consider the
interaction of a person and microcontrollers. In addition, the impact of this approach on the process of
learning and teaching is being evaluated. More than 95 students took part in this experiment. First, during
the semester, students were taught programming using Arduino Atmega 328 microcontrollers, after which
they evaluated this learning. The evaluation was carried out at three levels of the Kirkpatrick model [1],
and as a result, the second and third levels showed almost the same results with an error of 3 percent.
This study concluded that such teaching methodology is very important in the process of student learning.
Interaction and collaboration in the field of microcontroller programming has also been used to introduce
non-traditional curricula, including courses in robotics as a tool for addressing the social aspects of ro-
botics and artificial intelligence.
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CTYAEHTTEPAIH TUIMAI OKY YIIIH ATMEGA
328 MUKPOBAKBLIAYIIIBICHIH AN JIAJIAHY

Arduino nnameopmacel cuskmvl MUKpoKonmponiepnepoi 0ag0apiamanay CanacblHOAebl COHbl
oicemicmixmepOi natldanamy oKy npoyeciH candaivl e3eepmyee MYMKIHOIK bepedi, oHbl Kebipex emeoi,
cmyoenmmepoiy  bIHMACLIH  APMMbIPAObL  JCIHE JiCeKe KO3KAPACHIbL Jicy3ece  acblpyed MYMKIHOIK
bepedi, Oyn manvl30bl. An Oy, 63 KeszeciHOe, MUKPOKOHMPOLLEPOl 6a20apiamanayobly muimoiniei meH
canacvln apmmulpaosl. byn zepmmeyoiny maxcamol cmyoenmmepoi okeimy yuiin Arduino Atmega 328
MUKPOKOHMPOLLEPNEPIH NaUOananyObly muimoi 20icmemecin YeolHy dcane Kupknampux mooeini He2iziHoe
Arduino Atmega 328 mukpoxowmponiepiepin nauoaiany Heeizinoe 6a20apiamanayobl OKblmyOblH
muimoiniein  6azanay 6onvin mabwviiadsl. JKymvicma adam MeH MUKPOKOHMPOLLIepLepoiy 63apd
apexemmecyin Kapacmulpamvli JHCYMblcmapobly Key wionyvl oepineen. Conviven xamap, 6yn maciioiy
0Ky Men oKbimy yoepicine acepi e bazananyoa. byn sxcnepumenmxe 95-men acmam oxyulvl Kamuicmul.
bBipinwioen, cemecmp 6apvicvinoa cmyoenmmepee Arduino Atmega 328 muxpoxonmponnepi apKbiivl
bazoapnamanay yupemindi, COOaH Ketiin onap ocsl 0Kyosl baganradsl. bazanay Kupknampuk mooenitiy yu
Oeneettinde xncypeizindi [ 1], nomuoicecinde exinuii ycane yuinuii deneetiiep 3 naivi30viK Kameniknen 6ipoetl
Oeprik Hamudice kepcemmi. Byn 3epmmeyde MyHOail oKbimy adicmemeci cmyOeHmmepoiy 0Ky npoyecinoe
ome Mamwi30bl 0e2eH KOpbimblHOblea Kendi. Muxpoxkonmponnepdi 6a20apiamandy caiacblHOagsl 63apd
apexemmecy JHcone bIHMbIMAKMACMbIK COHbIMEH Kamap 0dCMYpli emec OKY JHCOCHAPbIH, COHblY iuinoe
POOOMOMEXHUKA MEH JCAcanobl UHMELTeKMmily 21eyMemmiK dcnekminepin weuty Kypaivl peminoe po-
bomomexHuxa Kypcmapuin eHeizy yuin natoaiaHuliobl.

Tyitin co30ep: 6azoapramanay, muxkpokowmponiepiep, Arduino, muimoinix, adicmeme.
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HNCITOJIB30OBAHUE MUKPOKOHTPOJIVIEPA ATMEGA 328
JJIA 9OOEKTUBHOI'O OBYUYEHUA CTYAEHTOB

Hcnonvzosanue nosetiuux 0ocmudiceHull 8 001acmu npoepamMmuposaiiss MUKPOKOHMPOLIepos, ma-
Kux Kax naamgopma Arduino, nosgonsiem KauecmeeHno usmMenums yueoHulil npoyecc, oenaem e2o bonee
UHMEHCUBHBIM, NOGLIULACT MOMUBAYUIO YHAUUXCH, OAem 803MONICHOCTN Pealu306amy UHOUBUOYATbHbLU
100X00, 4Mo HeMAan08adCHO. A IMO, 8 C6010 0uepedb, NOsbLUAEN IPPEKMUBHOCTb U KAYECMEO NPOSPAM-
MUPOBAHUS MUKPOKOHMPOJLIEepos. Llenb 0aHH020 uccied08anus — npedioxicums 3HHekmusHyo memoou-
KV UCNOAb308AHUSL MUKPOKOHMPOLLepos Arduino Atmega 328 ons 06yuenus cmydenmos u oyeHums s¢h-
Gexmusnocmv 00yUeHUs NPOZPAMMUPOBAHUIO HA OCHOBE UCHONb308AHUL MUKPOKOHMPOALepos Arduino
Atmega 328 na ocnose modenu Kupknampuxa. B cmamve npedcmasien wupokuti 0b63op pabom, pac-
CMampusarowux 63aumooelicmeue 4enogexa u Mukpokonmpoaiepos. Kpome moeo, oyenusaemces enuanue
maxoeo nooxoda Ha npoyecc odyuenus: u npenooasanus. B sxcnepumenme npunsnu yuacmue oonee 95
cmyoenmos. Cnauana é meuenue cemecmpa cmy0enmos 00yuany npocpamMmMupo8anuio ¢ UCHOIb308aAHU-
em Muxkpoxkonmponiepos Arduino Atmega 328, nocne uezo onu oyenueanu noayuennvle snanus. Oyenka
npoeooUNAcy Ha mpex ypoeusx moodenu Kupknampuka [1], 6 pezynomame émopoti u mpemutl ypo8Hu no-
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Kas3aau npakmuyecku 0OUHAaKosvle pe3yibmamaul ¢ omuokoll 8 3 npoyenma. B smom uccnedosanuu coenan
661600, UMO MAKAsL MEMOOUKA NPEeNnoOdBaHUs OYeHb 8ANCHA 8 Npoyecce 0byuenus cmydeHmos. Bzaumo-
delicmeue u compyoOHUYecmao 8 001acmu NPOSPAMMUPOSAHUS MUKPOKOHMPOIIEPOS8 MAK}CE UCNONb3Y-
HOMCsL 015l BHEOPEHUs HEMPAOUYUOHHBIX YUEOHBIX NPOSPAMM, 8 MOM YUCLE KYPCOB NO POOOMOMEXHUKe KAK
UHCMPYMEHMA PEUeHUst COYUANbHBIX ACHEKMO8 POOOMOMEXHUKY U UCKYCCMBEHHO20 UHMELLEKMA.

Knrouesnle cnosa: npocpammuposanue, Mukpokoumpoinepsl, Arduino, sghgpexmuernocms, memooo-
no2usl.

1. Introduction. Over the past few years, we have seen a huge need for educational
systems to equip students with competencies that are increasingly required in the labor market
[2], such as innovation, collaboration, problem solving, critical thinking and digital literacy
[3]. This encourages academic institutions to work on approaches to teaching and learning,
to promote the development of such competencies, and to promote pedagogical innovation
and digital learning [4] Microcontroller lesson material is needed in order to improve
students' readiness to work. Almost all equipment in the industry has used automation in the
production process. Meanwhile, to study microcontroller material better, microcontroller
trainer media is needed. Currently, Arduino is one of the most convenient platforms for
developing control devices on microcontrollers [5]. The Arduino board contains: Atmel's
ATmega microcontroller, reset circuits, a quartz resonator, a built-in power supply voltage
stabilizer, a USB adapter that provides communication with a personal computer, a built-
in programmer, tools for in-circuit programming [6]. Arduino's programming language is
based on C/C++, but has a simplified syntax and is relatively easy to learn [7]. The Arduino
platform makes it relatively easy to develop applications based on AVR microcontrollers
and has a number of advantages over other platforms in terms of learning and mastering the
technology of developing microcontroller devices: Low cost; Cross platform; Simple and
clear programming environment; Extensible open source software; Arduino modules are
expandable hardware with open circuit diagrams [8].

The above advantages can be decisive when choosing an object of study and research,
study and research of development technologies based on microcontrollers with a limited
time volume of training courses on microprocessor technology [9]. Such time limitations
are typical during the transition to a bachelor's degree, as well as for specialties in which
electronics and microprocessor technology are introductory courses. Itis necessary to indicate
one more distinctive feature of the Arduino platform in terms of use in the educational
process. This is relatively cheap compared to industrial "brand" laboratory equipment. For
example, the NI MyRIO-based laboratory setup from National Instruments [10] relies on
the Lab View software environment. The cost of NI MyRIO with the Lab View software
environment, depending on the composition of the modules, can reach several hundred
thousand rubles [11, 12]. The Arduino board is ideal for the first steps in this area, because
has a compact size and simple circuitry.

2. Literature Review. The use of microcontrollers in the education process, not only
for students of computer science, computer engineering and related specialties, but also for
physicists, chemists, mathematicians, networkers and others [13] is one of the most neces-
sary in the modern educational environment [14]. From the basics of the electromechanical
device of modern digital devices to the level of the assembler of these devices, program-
ming both individual components [15] and the entire device based on visual aids and debug-
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gers allows the student to gain valuable practical skills and abilities that are generally aimed
at systematization of knowledge and skills. It is also important to note the widespread use
of Arduino microcontrollers not only in higher education institutions, but also for teaching
senior students of secondary schools, gymnasiums, lyceums, as well as colleges.

Learning using microcontrollers for a teacher can be accompanied by a number of prob-
lems, such as installing an accompanying programming platform, mastering a programming
language, a large array of sensors and circuits on a board, teaching methods [5] and present-
ing educational material.

The use of Arduino Atmega 328 microcontrollers allows the student to understand the real
situation in the context of circuits, experiment, invent, make mistakes, correct mistakes. Al-
though the process of real-world context to microcontroller context may be accompanied by
some problems of learners [16], in the process of sequential learning they can be overcome.

In teaching programming in laboratory classes, the results of a 2021 study by [17]
showed that students as interesting and exciting characterized the use of Arduino micro-
chips. A survey was also conducted, the results of which revealed that microcontrollers
have a visually positive effect on the perception of educational material. In general, this
and many other [18] studies confirm the importance and interest in using Arduino Atmega
328 microcontrollers among students. The formation of design competence is implemented
with strict consistent implementation of the instructions of the rules for working with mi-
crocontrollers.

An analysis of the effectiveness of the Arduino Atmega 328 microcontroller was carried
out in the work of [19]. The magnitude of the effect obtained was more than 60%, which
confirmed the effectiveness of using these devices. Features such as the type of school, the
presence of a course in the curriculum, the peculiarity of the student, the chosen program-
ming language, the time of study, the number of hours per week and the contingent of stu-
dents were taken into account in the calculation of efficiency. However, it is important to
note that this study was conducted in schools, among students.

The importance of using microcontrollers is also noted in higher education institutions.
For example, Arduino has been used in a biological analysis process for glucose detec-
tion [20], in information security tasks, in a security and energy efficient home automation
system, as well as data logging related to solar panel use . Arduino has also been used in
weather monitoring, in gesture control, it was integrated into the digital signal processing
system from the well , as well as [oT-based air quality monitoring using Arduino sensors
and MQ series with dataset analysis.

3. Research method. The purpose of this paper is to describe the methodology of using
Arduino Atmega 328 microcontrollers for effective student learning. To achieve this goal,
the following tasks should be performed:

1) To justify the choice of the necessary programming languages for their step-by-step
study from the point of view of the simplicity of their development and at the same time the
completeness of functionality for use in robotics;

2) Give recommendations on the study of microcontrollers of the software element base
at the university.

This device contains at the same time a microcontroller (usually from Atmel), a
programmer, a quartz resonator, a power stabilizer, and much more that is necessary for
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comfortable use. This device is programmed from the USB port. For Arduino Atmega
328, there is a special development environment Arduino IDE, written on the Java virtual
platform. The Arduino IDE has a C++ dialect that will make it easier for the student to
understand. Arduino IDE is a free environment. The authors of the article consider it the
most relevant for today's application for teaching students.

Arduino serves to solve one difficult problem; it is how to teach students how to create
electronic devices. Arduino is a flexible tool for designing automated and automatic control
systems at the physical and software levels [15].

4. Materials and methods.

4.1 Research context. This study was conducted at the Faculty of Information Tech-
nology of the Kazakh National University named after al-Farabi for 3rd year students of
the specialties "Computer Engineering" and "Computer Engineering and Software". The
program of the course with the optional component "Design and Embedded Multiproces-
sors" implies 1 lecture and 2 laboratory classes, in total 45 hours or 5 credits. Training and
research was carried out in the laboratory of "Intelligent Programmable Systems" for 5
years. The prerequisites of this course are the disciplines "Physics", "Integrated Circuits".
Participants of the study, 3rd year students who do not have experience with Arduino mi-
crocontrollers. Teachers are concerned about the effectiveness of using microcontrollers,
namely Arduino, assessing the work of a teacher based on student surveys, student perform-
ance and the process of developing education.

4.2 Procedures. The effectiveness of training using Arduino microcontrollers was car-
ried out on the basis of the classical approach is the Kirkpatrick model. The four-level
model contains the following steps: learner's reaction or learners opinion and feelings about
learning; learning is an indicator of the growth of education and skills; behavior is improve-
ment of skills and abilities, usually based on the assessment of the teacher; the result is the
effect of learning.

All of these measurements are recommended for a complete and meaningful assess-
ment of the learning process. To implement the assessment, a study was conducted based
on a survey of students. The questionnaire consists of 20 questions assessing response and
learning, that is, the first three stages of the Kirkpatrick model. 95 students took part in the
survey, Table 1 shows the characteristics of the surveyed groups.

Questions for the survey were compiled on the basis of a review of a large volume of
research and analysis. For this study, the 2 stages of the Kirkpatrick model are more infor-
mative and important. Therefore, the main part of the questions was compiled in these two
sections. Several questions are devoted to determining views on the accessibility of the
course: understandability, complexity, importance in the future, novelty, competence of the
teacher. Further, it is proposed to evaluate the relevance, applicability, organization of the
educational process on a scale. The rating scale consists of 5 points. Participants anony-
mously, in an independent form, could mark the necessary points.

The next group of questions is devoted to assessing the acquired theoretical knowl-
edge and practical skills on the basis of multiple choice test questions. This group of
questions is based on three levels of difficulty: easy, medium and difficult questions. Easy
options contain, for example, questions to test knowledge of the name of the components
of the Arduino board, followed by questions to determine the knowledge of the function
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and their capabilities, and complex questions, mainly with mathematical and physical
calculations.

Further, the implementation of the third stage of the Kirkpatrick model took place on the
basis of the teacher's assessment for three boundary controls of the academic semester. The
maximum score that a student could receive abroad is 100%, that is, three milestone weeks
make up 300%, where scores above 70 indicate good mastery of the material, and above 90
indicate excellent academic performance. According to statistics, about 25 thousand visu-
ally impaired citizens live in Kazakhstan, so it is very important to make it clear to students
that there is such a problem and, most importantly, it can be eliminated.

5. Results. All respondents found the content of the course to be very simple and un-
derstandable. Moreover, 50.5% of the respondents rated this item on a five-point scale at 4
points, and the rest 49.5 percent at 5 (Fig. 1). That is, the students had practically no prob-
lems in mastering the course.

Figure 1 — Evaluation of comprehensibility and simplicity of the course
The following questions to assess the relevance and applicability of this course showed

very good results, almost all respondents (98.9%) believe that the proposed course is relevant
and the knowledge gained from the course can be used in production (Fig. 2).

Figure 2 — Relevance and applicability of the course
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The organization of training received a rating of four points from 22.1% of respondents,
when 7.9 believe that this item deserves the highest rating (Fig. 3).

Figure 3 — Evaluation of course organization

Interesting suggestions were made by learners to improve the course content. More than
50 percent of students suggest adding more practice tasks, while 32 percent believe that
no improvement is needed, the rest answered that they were satisfied with all the content
(Fig.4).

Figure 4 — Participants' proposals

Further, test questions were organized to assess the knowledge gained and progress in
this kus. On average, students showed excellent results on test questions. More than 93.7
percent of those surveyed showed excellent results.

The assessment of the teacher and the assessment of the testing conducted, in principle,
showed the same results. The error was only 3.17 points (Fig. 5).
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Figure 5 — Instructor evaluation

6. Conclusion. This article discusses one of the methodology for teaching students
programming based on the use of Arduino microcontrollers. The work on the article was
aimed at sharing the experience gained over several years of teaching students the basics
of programming. In the practical part, it was interesting to observe the development of the
material, the receipt and interpretation of the results that they received.

In general, this study is the beginning of further study of the process of teaching stu-
dents using not only Arduino microcontrollers, but also other types. The results obtained
showed that this type of integration had a good effect on student satisfaction, however,
further intensive development of information technology requires the same progress from
the educational process.

Understanding the principles of operation of microcontrollers is the basis for the effec-
tive professional activity of specialists in this area. The solution to this problem can be the
use of the Arduino debug board in the process of teaching students of the specialty SB071900
- Radio engineering, electronics and telecommunications, 6B06103 - Computer engineer-
ing, 5B070400 - Computer engineering and software programming microcontrollers.
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