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Abstract

We formulated seven general principles for authors for the implementation of educational gaming technologies in an engineering
university based on descriptions in the literature. The principles are ordered by their “importance” for the quality of the game
model and systemic influence on the student. These principles provide conditions for mastering educational material by resolving
problematic game situations. Conclusions are made about the effectiveness of the methodology based on the principles. It was
found that the role of the emotional component in the educational process increases, the students’ independent work is stimulated,
the quality of teaching increases, and the teacher is freed from routine control operations.
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AuHOTanUsA

Ha ocHoBe 0600IIeHNA ONMICAHHBIX B IMTEpaType WIPOBBIX NMPUEMOB B OOY4eHMM MbI CHOPMYIMPOBAIM CEMb aBTOPCKUX
MPUHIUIIOB peai3aIyy y4eOHBIX UTPOBBIX TEXHOTOTMII B TeXHIYecKoM BY 3e. B kauecTBe mpuMepa X peaaysaryu nIpuBesieHa
aBTOMATM3MPOBAHHAA ydeOHasA ycTaHOBKA (AYY) [/ M3ydeHUA yCTPOICTBA, MPOTPAMMIPOBAHNA U OT/IA[KV AIIIAPATHBIX U
MIPOTPAMMHBIX CPEJICTB MUKPOKOHTpPO/IepoB. CooTBeTcTBME AYY CHOPMYINPOBAHHBIM MIPUHIIUIIAM OLIEHEHO KOIITYECTBEHHO C
MOMOIIIBI0 METO/Ia SKCIIEPTHBIX OLICHOK (yueOHaa TexHOMOIMA — 43%, MeTonMKa — 32%, pe3epB COBEPIICHCTBOBAHUA — 25%).
ComojiyiHeHe IPUHIINIIOB MEXY c000i PacCMOTPEHO IO KPUTEPUIO «BOXHOCTU» JUIA KadecTBAa MIPOBOI MOJEIM M IO
KPUTEPHIO CUCTEMHOTO BIVMAHMA Ha 06ydaeMoro. OTMe4eHO, 4To Oe3 Ije/lenoIaranys Kak OCO3HAHHOI IIe/IH ydacTyie CyObeKTa B
urpe npeppamaerca B GopmaabHOCTh. Takoke 6e3 obecriedeHNsA YCIOBUIT ICUXOTOTMYECKOTO0 KOM(OPTa, B IEPBYIO OYEpEnb,
6€3 CHIDKECHMA YPOBHA TPEBOXKHOCTI TMYHOCTI JICBATBBUPYIOTCA ITOCIEAYIONIVE YCIINA IO TOBBIMICHUIO MOTUBALMM K yuébe.
BaxxHoe MecTO MbI OTBOJIMM IOTPEOHOCTI B 3HAUMMOCTHU — OCO3HABAEMOMY 1 HepeIeKCUPYEeMOMY YIETY UTPOKOM-00ydaeMbIM
HEN30e)KHOCTH ITYOIMIHOI OLEHKY YCIIEXOB U Hey/lad ¥ CBA3aHHBIX C 3TUM CAMOOIICHKM, MOTUBALI (TOPOCTH MM CTBIN) 1, KaK
CTIEICTBUE, — KQ4EeCTBA MOCTIE/YION el CAMOTIOATOTOBKIL. DT TPY MPUHIIUIIA OIPEIETIAIOT CTETIEHb BOBICYEHHOCTI CYOEKTA B
urpy. J[lanpHeiiimee yCWICHME BOBICYEHHOCTM —OIPEAE/ACTCSA, BO-TEPBBIX, 9(QQeKTUBHOCTBI0O 00OpaTHON CBA3M KaK
«9MOLMOHAIBHBIM IOJKPEIVICHIEM» OYEpPEeHOTO Iara o0y4aeMOro IO CIICHApMIO UIPHI, a BO-BTOPBIX, 9Q(PEKTUBHOCTHIO
BHEIITHETO YIPABICHNUA KaK JO3MPOBAHHOI paIMIOHAIbHON MOMOIIY B IIPOJIBYDKEHIY UTPOKA. BpinenepeyuncieHHbIe TPUHIUIIBI
00€eCIIeYNBAIOT YCTOBUA U OCBOCHMA Y4eOHOTO MaTepyasa IOCPECTBOM PA3PElICHMSA UIPOBBIX NPOOTEMHBIX CHUTYAIIMIL.
Cnenan BbIBOL 00 5((GEKTMBHOCTY METORMKY, OIMPAIOMIEHiCA Ha IpejylaracMble HAMM IPMHIWUIBL TIOBBIIIACTCA POTIb
9MOI[MOHAIBHOI COCTABJIAIONIEI B y4eOHOM IIpoIiecce, aKTHBUSMPYETCS CaMOCTOsITE/IbHAA paboTa 00ydaeMBIX, MOBBIIIACTCS
Ka4ecTBO OOYUYEHIISA, IPETOfIaBaTe/Ib 0CBOOOXK/ACTCA OT PYTHHHBIX KOHTPOIMPYIOIINX OIEpaIuil.

KiioueBbie crmoBa: uTpoBble  METOAbI  OOy4eHMs, CMeIIaHHOe OOydeHue, WHXEHepHOe oOpa3oBaHMe, MOTHMBAINA,
MICHXOTIOTHIECKIIT KOMPOPT, BOBIEUEHHOCTD CTY/ICHTOB B UTPY.

Introduction

Since 2020, the system of higher education across the world has found itself, along with traditional challenges,
facing new ones generated by the COVID-19 pandemic (Andreev et al. 2020a). One of the most important tasks
of education, which has always been and continues to be in the focus of attention of many researchers and
educators, is how to preserve and develop motivation of students in the learning process as a means of self-
education and self-control (Andreev et al. 2020¢; Andreev et al. 2020d). Games are well-known for creating an
atmosphere of psychologically comfortable conditions for students (Fotaris et al. 2016; Wiggins 2016). The game
brings satisfaction not only with the result, but also with the process itself. Here the emotional sphere of the
personality is involved due to the positively colored experience of novelty and success. The effect of the game is
enhanced by the possibility of choosing goals, showing activity, and receiving immediate feedback to one’s actions.
The learning process with elements of a game (gamification) satisfies both the cognitive motives and needs, and
social needs of success, status, and self-esteem of the individual. But when using gamification, participants in the
educational process must always be careful not to cross the line beyond which the game turns from a means of
achieving an end into just a means of entertainment and pastime (Andreev et al. 2020b). Empirical evidence of the
positive impact of gamification on the academic performance of engineering students is presented by Diaz-
Ramirez (2020). Urh et al. (2015) concluded that in e-learning in higher education, gamification makes it possible
to achieve higher satisfaction and motivation, as well as greater involvement of students in the process of acquiring
new knowledge, skills and abilities. At the same time, it is important to clearly define the goals, rules, techniques
and mechanisms of gamification. Khaleel et al. (2020) also concluded that gamification had a positive influence by
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increasing the degree of student involvement in the study of curriculum disciplines. A conceptual model for
inclusion game elements into e-courses of higher education is proposed by Zaric et al. (2017). This is an extension
of the Felder-Silverman Learning Style Model (Felder and Silverman 1988).

The training of university teachers for the active use of gamification in the educational process is discussed by
Vanduhe et al. (2020). A considerable number of works are devoted to the study of contribution of gamification
to the progress of students in engineering fields of study, taking into account the specifics of the education system
in individual countries (Panis et al. 2020; Henning et al. 2017; Oliver 2017). Campillo-Ferrer et al. (2020), and
Varannai et al. (2017) considered the possibility of the effective use of the popular online platform Kahoot as a
creative and effective tool to support gamification through its integration into the educational process of a higher
educational institution. It was proposed to use gamification more actively, based on the use of attractive digital
platforms. The problems associated with the introduction of mobile applications of gamification into the
educational process, as well as possible ways of more effective use of such technologies, were investigated by Al
Amri & Almaiah (2020). Theories of motivation in relation to gamification are analyzed by Gilyazova and
Zamoshchanskii (2020). It is concluded that the internal motivation of the game participant plays a key role in
gamification. A huge positive effect from the integration of gamification into the didactic context in higher
engineering education is demonstrated by the results of the study by Sobke (2019).

Vinichenko et al. (2019) noted that there are obstacles to the gamification of the educational process. These are
the complexity of gamification and a high risk of not achieving the desired result. In this regard, the authors of that
study recommend a selective gamification of individual processes, with a focus on educational and research
activities.

The research review shows that gamification and the use of elements of game learning technologies have a
positive impact on the academic performance of students in engineering fields. However, there is a significant risk:
it is important to ensure that the game does not turn into a means of entertainment and pastime, for which it is
necessary to maintain the internal motivation of the participants in the game.

It should be noted that modern pedagogical technologies, including gamification of the educational process,
are based on fundamental results obtained by various scientists over many years of research. For example, many
modern pedagogical technologies are based on the Galperin theory of stage-by-stage formation of mental actions
and concepts (Galperin 1966; Galperin 2017) The theory of stage-by-stage formation of mental actions goes back
to the earlier views of Vygotsky on development of the higher mental functions (Vygotsky 1983). Theory of the
stage-by-stage formation of mental actions and concepts is analyzed and studied by Talyzina (1993). Skinner made
a significant contribution to the development of learning methods based on the techniques of behavior
modification developed in behaviorism (see, for example, Skinner 1953). It is worth mentioning the significant
contribution to development of the behavioral theories of learning by such scientists as Thorndike (Jones and
Robinson 2012) and Watson (Malone 2017). It should be noted that modern pedagogical technologies are very
extensive and diverse (see, for example, Jang and Chen 2010; Yal¢in and Yayla 2016; Deci and Ryan 2008; Tejedor
et al. 2018; Abeysekera and Dawson 2015; Goedhart et al. 2019).

The purpose of this research was to develop principles for the implementation of educational game
technologies for the formation of psychologically comfortable conditions for the educational activity of students
in higher technical educational institutions. In addition, it examined the development of principles for
implementation of educational gaming technologies at a technical university, establishing their relationships
themselves and assessing their compliance between the technological environment and elements of gaming
technologies.

Materials, approaches and methods

The research used observation, questioning, testing, pedagogical experiment, data processing methods and
modeling to provide a comprehensive study of the role of gaming technologies in higher education.

A system approach was applied, which allowed consideration of a single complex of interconnected and
interacting elements various aspects of gamification in the system of university students training, Principles of the
synergistic approach, according to which the complex open systems are considered as self-organizing, were used
to study development by gamification of student’s competencies, necessary for their future successful professional
activity.

Pedagogical observation was carried out in the period from 2010 to 2021 for third-year students of “Control in
technical systems” of the Chuvash State University (n>200). All the participants were informed about the research
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and informed consent was obtained from all individual participants included in the study. No other interests of

the study participants were affected.

Results and discussion

We formulated the following principles that must be followed when using game techniques in teaching:

Goal-setting: the connection between the part and the whole. Interest in learning does not determine a vague
desire to do something, but a conscious, actualized goal. The student must form an attitude that the
educational and gaming activities being carried out are the most important for him, dominating over
everything else at a given point in time. The student must have a holistic view of the set of related tasks,
understand the system logic of everything that is being performed. The organizer of the lesson should provide
measure of the degree to which private goals are achieved.

Feedback: “reinforcement” of the gamer's actions.

a. Positive reinforcement. The student’s next step in the game is assessed according to the scenario (“yes/no”
or points), and the current rating is also determined (distance traveled, points). The reward should be
appropriate for the level of performance and effort involved. It is about the use of teaching techniques
(praise, reward for success or for diligence). The importance of this phenomenon results from the greater
intensity and lower predictability of the results of educational research work (ERW), carried out in a
game form. In addition, errors should be treated as feedback, assessing the degree of progress rather than
the number of errors. It should be noted that constantly informing the student about correctness or
incorrectness causes him/her to be tempted to express answers at random. A gamer should be given the
opportunity to score additional points by the quality of the work performed - the depth of the answer, its
connection with the previous tasks, and the creativity of the approach.

b.  Negative reinforcement (restraining factors). This is a reduction in points for failure to complete the task
or in insufficient volume, for the delivery of work after the deadline and for other violations.

Problem presence, which takes place in the case of information presentation that is research-based. The new
must be learned through resolving problem situations, i.e., based on search activities. There must be an
emphasis on independence and creativity, on internal motivation for activity.
External control. Creativity is a search based on interest, carried out on one’s own initiative. However, in the
educational process, searches should not be carried out by trial and error. Exceeding a certain threshold of
difficulty in independent work weakens the motivation. It is important that the difficulty of the assignments
should be on the edge of the student's capabilities, the criteria for which can be the level of tension and the
time for reflection. This is achieved with measured help from the teacher (so that the student is constantly in
a state of a problem-solving). Consequently, it is necessary to increase the role of management of educational
and cognitive activities, to provide optimal assistance to the student from the outside, in addition to the idea
of self-determination.
Satisfying the need for significance. A respectful attitude towards the individual by other people satisfies the
need for, recognition of their own significance, educational potential, and competencies, maintaining the
feeling of self-esteem, self-respect, and feeling not worse than others, and, as a result, performing educational
activities more successfully. For example, a public demonstration of a high rating or a statement about the
non-triviality and importance of the task being performed (in particular, from the point of view of the interest
of other people in the results obtained) increases the personal self-esteem and motivation of the gamer through
pride in his/her achievements.

Creating psychologically comfortable conditions. A favorable psychological climate is needed to develop

internal motivation since creative activity against the background of negative emotions is impossible. The

teacher’s attention to the level of anxiety of the individual, combined with the idea of learning against the
background of positive emotions, is a factor of creating psychologically comfortable conditions for students.

In educational gaming, a student should master the rules of the interface. To reduce psychological tension,

s/he can periodically be reminded of the rules of the game, be encouraged and, possibly, motivated to the next

step, prompted with the conditions for the next action, reminded of necessary steps for promotions and so on.

Such control elements, which are not related to the content of the educational material, help the learner to

focus on the essence of what is being studied.
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7. Homogeneity of teams. Depending on the nature of the tasks being performed, with the permission of the
teacher, several students who are close in terms of their success in learning can be combined into teams.
Teamwork is possible, for example, if the task is very laborious, and helps to develop teamwork skills, as well
as involving weaker students in learning activities (thus increasing motivation).

As an example of implementation of the proposed principles, the automated laboratory work “Lighting
automaton” is briefly described below (Fig. 1). In it the object of study is a microcontroller machine. This device
controls the lighting in the office premises depending on the illumination and the presence of people. The training
installation consists of software simulators of a microcontroller and a lighting automaton, as well as a control
program. The latter creates problematic situations for the learner (principle 3), randomly introducing, firstly,
deliberate errors into the microcontroller program, and, secondly, malfunctions in the hardware of the lighting
machine (simulating a wire break at the place where its number is indicated). The student is invited to resolve
problem situations. Errors are eliminated by sending a required code to the address of the command being
corrected. The operability of the hardware part is restored by indicating the number of the expected open-circuit
fault. After that, the student is informed of the number of points scored for the last task, the total score and the
time of work (principle 2).

An integral part of the game scenario is a teacher (in blended learning). Firstly, s/he implements the tasks of
goal-setting (principle 1), and, secondly, provides prompt assistance in case of difficulties that the students cannot
cope with on their own (principle 4), and also, as far as possible, contributes to the implementation of other

principles.
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Fig. 1. The main screen of the automated laboratory work “Lighting automaton”.

After starting the program, the main window appears on the monitor screen, presenting a plan of an office
building with door sensors (O1, ..., O4 and I1, ..., I4), natural light sensors (X2, X3) and controlled lamps in rooms
(EL, ..., E4). The current states of all microcontroller registers used and part of the data memory where program
variables are located, for example, people counters in the corresponding rooms (CT (1), CT (2), CT (3), CT (4))
are also displayed.
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The goal was to test whether the given game setup was in line with the principles outlined above. For this
purpose, we ordered the principles according to their importance (significance, “weight”), using expert
assessments. This method is one of the approaches to the study of complex phenomena. It helps avoid the
appearance of random assessments, to minimize unreasonable compromise opinions due to the formalization of
information exchange between experts, and iterative formation of a collective opinion over several rounds.

After the next round on the most controversial issues, the experts are offered arguments in favor of different
judgments, they are asked to give new answers (with justification), after which the average ranking is again
calculated. Table 1 shows the results of the first round.

Table 1. Round 1. Expert survey. The last column “Variation” is the sum of modules of differences between
expert opinions and the mean value.

Principles Numbers of experts Mean Variation

1 2 3 4 5 value /

place
1. Goal setting 1(-2.2) 7 (3.8) 1 1 6 (2.8) 32/2 13.2
2. Feedback 4 4 5 3 3 3.8/3 3.2
3. Complexity 6(3.4) 1 3 2 1 2.6/1 7.6
4. Control 5 4 4 5 2 40/5 4.0
5. “Significance” 3 6 2 4 4 3.8/4 5.2
6. “Comfort” 2(-3.4) 7 7 6 5 54/6 8.6
7. Homogeneity 7 7 6 7 7 6.8/7 1.6

In the columns with expert assessments, the deviations of expert assessments from the average value of expert
assessments are indicated in parentheses. Complexity (problemativeness) turned out to be the most important
principle (first place), with a minimum mean value (2.6). The variation is calculated for the data by lines, the
principles with the greatest variation are highlighted (goal-setting, complexity, “comfort”). Experts were identified
who, according to these principles, have the greatest deviations from the mean value. For example, expert 1, putting
the first principle in first place, gives this factor an excessive value in comparison with the group opinion (second
place), and expert 2 noticeably underestimates this factor.

When substantiating their positions, the experts noted the following.

On goal-setting. This is the most important principle. Without a desire to improve in a professional direction,
without a conscious, actualized goal, there is little point in studying something. Goal-setting is especially
important in gaming technologies, when the process of activity itself can distract a student from the content of
the educational task.

On the principle of complexity. The problematic nature of the information presented is the main principle of this
laboratory work being carried out in resolving problem situations on the basis of independent creative search
activity. Study assignments in the form of feasible research increase student’s motivation, and contribute to the
implementation of ideas of self-determination.

On the “comfort” of the educational process. If a student experiences psychological discomfort in the classroom,
then all other measures to increase his motivation to study are devalued. Providing psychologically comfortable
conditions for educational activity involves relying on positive emotions, on reducing the level of anxiety of the
individual, on meeting the need for self-esteem.

After bringing this information to the attention of the experts, they were asked to provide new answers. Table
2 shows the results of round 2. It can be seen that the variation of opinions on each of the factors noticeably
decreased, and it was decided to limit the study to this.
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Table 2. Round 2. Convergence of expert assessments.

Principles Numbers of experts Mean Variation
1 2 3 4 5 value/place
1. Goal setting 1 2 1 1 5 2.0/ place 2 6.0
2. Feedback 4 3 5 3 2 3.4/ place 3 44
3. Complexity 2 1 3 2 1 1.8 / place 1 3.2
4. Control 5 4 4 5 3 4.2 / place 5 3.2
5. “Significance” 3 6 2 4 4 3.8/ place 4 5.2
6. “Comfort” 6 5 7 6 6 6.0 / place 6 2.0
7. Homogeneity 7 7 6 7 7 6.8 / place 7 1.6

Above, we noted that “Lighting automaton” principle 3 (setting problematic situations) and principle 2
(feedback) are implemented in the laboratory work. It is also stipulated that in the “manual” mode a teacher
implements the tasks of goal-setting (principle 1) and prompt assistance to students (principle 4). The authors did
not pay attention to the principles 5 - 7.

We summarized the information from the expert assessments as follows. Since 7 positions were ordered, the
“weight” of the last place was taken as one quantum, and the first place - seven quanta. In this case, the sum of all
positions is 28 quanta. Taking this amount as 100%, the correspondence of the author's educational setting to the
discussed principles of gamification can be scored as follows:

- the software part, i.e., educational technology, software-based principle 3 (task of problem situations) and
principle 2 (feedback) - ((7 + 6) / 28) 100% = 43%;

- “manual” aspects, i.e., goal-setting (principle 1) and prompt assistance to students (principle 4) - 32%;

- reserve for improvement, i.e., principles 5, 6, 7, which were ignored in this educational setting — 25%.

This technique gives a first approximation to “digitize” what is being discussed and to present its advantages
and disadvantages more clearly.

Analyzing the relationship between the principles and their subordination.
What is the value of gaming in the educational process? Some of the game characteristics are:
the development of the game according to unpredictable scenarios and a non-obvious result;

2. the development during the game, of situations that are not predetermined, requiring timely decisions in real
time;

3. the collection, processing, study and analysis of information in order to assess the effectiveness of decisions
made;

4. collecting, processing, study and analysis of available information related to the game in order to predict
possible scenarios for the development of the game.

In the game, the activity itself brings satisfaction, even without taking into account the results. The game has a
certainty of goals, the ability to be active and get immediate results. Mechanisms of imagination, creation of
hypotheses, guesses, insights work in interconnection. The emotional aspects develop thanks to the joy of success,
professional development, overcoming cognitive barriers. In general, even if it is subjectively uninteresting,
difficult, and with unclear benefits, the material is mastered better.

Why participate in the game? Without goal-setting, as a conscious, actualized goal, consisting, for example, of
gains, new knowledge, real-life self-realization, etc., the subject’s participation in the game turns into a formality.
It also happens that goal-setting, the desire to complete a given task requires discipline, the need to get the next
grade. In gaming technologies, goal-setting is especially important, because interest in the activity itself can distract
from its content. However, it is known that teachers do not always pay enough attention to the initial stage - the
creation of motivation -in each quantum of learning. We did not study the effect of this principle; nevertheless,
experts speculatively ranked it in second place in importance.

Next is comfort. If a subject has made a decision to participate in the game, then the principles and rules of the
game, and interactions with other participants, as well as with "coaches” should not create discomfort for anyone.
In particular, rules and principles should not conflict with generally accepted norms of behavior and morality.
Unless conditions are provided for psychological comfort (reliance on positive emotions, reducing the individual’s
level of anxiety, meeting the need for self-esteem), measures to increase the motivation to study are devalued.
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Unfortunately, enough attention has not yet been paid to the conditions for ensuring comfort in the educational
process, therefore this principle was ranked sixth.

For the principle of satistying the need for signiticance, which was ranked fourth, the gamer must understand
in advance that a successful game is the key to achieving public recognition of success. The publicity of the results
of the educational game affects the self-esteem, the gamer's motivation (pride or shame) and stimulates him/her
to devote more time to initial self-preparation.

These three principles determine the degree of the subject's involvement in the game.

The next question for the subject is how long to stay in the game? Further involvement in the game is
determined by feedback. The effectiveness of the principle of external control is inextricably linked with the
effectiveness of feedback (which ranked 3) as a means of assessment and emotional support for the student’s
according to the game scenario (“yes / no”, points, rating, praise). External control (ranked fifth) is a measured
rational aid according to the situation, taking into account the tension and the time for thinking of the student.

The presence of these conditions will ensure the successful resolution of problematic situations that arise in the
game. This allows the student to delve deeper into the task, to pay attention to what s/he would miss in other
circumstances. Without this principle, the game model disappears, and only programmed learning remains. The
priority of this principle is also confirmed because the search for defects is a research activity - one of the most
important means of ensuring students’ motivation. Our experience of using the game model in the educational
process testifies to the high efficiency of the method of deliberately introducing defects into the object to encourage
search through educational and research activities. For our specific installation, the experts gave first place to the
problematic principle.

Team homogeneity is a factor that ensures the achievement of the goal, where all participants comprehend the
essence of the game. Gamers with higher potential will reach the goal faster. The less strong will need more time
but will still fully learn the essence of the game. The ways in which the material is mastered are different for students
with different levels of training. Fast learner students are interested in testing themselves and showing others their
capabilities; the slower learners prefer to work together with someone, and to be in the shadows. The strong try to
reason, while the weak seek ready answers and are lost without them. The strong put forward hypotheses, and test
decisions; the weak work haphazardly, chaotically, by trial and error. The strong use different ways to find a
solution; the weak cannot comprehensively analyze the assignment conditions. Therefore, there should be
differentiated teaching in homogeneous groups, otherwise the weak will not learn, especially not develop, and at
best be spectators simply memorizing information about the material being studied. With the transition to
individual training, when it will not be necessary to synchronize the work of students, the role of this principle will
increase, but for now it is ranked seventh.

Conclusion

Instead of dozens of gamification techniques considered in numerous publications, this study formulated seven
principles for the implementation of educational gaming technologies in a technical university, established their
ranking according to two criteria, and assessed the compliance with the proposed principles of an automated
training installation with elements of gaming technologies.

The need for a link between learning quality and reward is universally recognized, but the importance of
positive reinforcement in learning is underestimated. The desire to learn materializes into skills through
independent activity. Only resolving a problem situation develops the student, but the tasks should not exceed
his/her capabilities. In this case, motivation should be based on responsibility and interest. Responsibility and
discipline are formed not so much by constraints that can negatively affect one’s self-esteem, but rather by the
continuity of control, and careful observance of the established rules.

The laboratory setup described in the article with elements of gaming technologies, showed that such a
technique arouses interest among students, enhances students' motivation to study, and activates their
independent work.

The use of the idea of gamification makes the educational process more interesting, emotionally and personally
significant, contributes to the formation of in-depth knowledge of the device, programming and debugging of
hardware and software of microcontrollers, and frees the teacher from routine operations to control the
correctness of the student's actions.
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