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Abstract

The article is devoted to exploring the potential of using game elements in teaching robotics within the
context of modern STEM education. The use of gamification in the educational process enhances students’
motivation, engagement, and the effectiveness of learning outcomes. An analysis of scientific research has
shown that the integration of game mechanics—such as point systems, levels, virtual rewards, and narrative
scenarios—has a positive impact on knowledge acquisition, the development of engineering thinking, and the
formation of teamwork skills. Special attention is given to the Kazakhstani experience of integrating
gamification, particularly through the implementation of the mobile application RoboBil, designed for teaching
robotics to middle school students. The application combines theoretical materials, practical tasks, quizzes,
and AR-based reward models, enabling personalized learning paths and strengthening the gamification effect.
The research results demonstrate that the use of the RoboBil mobile application increases students’ interest in
robotics, improves their academic performance, and develops their problem-solving skills. Thus, gamification
combined with mobile technologies opens new perspectives for the development of educational robotics and
can serve as a model for introducing innovative practices in schools.
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E.X. XKa6aes!, M.W. PepmienoBa' , A. AmManrenun'
'AGaii areiHnarsl Kasak yITTHIK I€1aroruKaiblK yHUBEPCUTETI, AMathl K., Kazakcran
POBOTOTEXHUKAHBI OKBITYJIA OMbIH DJJEMEHTTEPIH NAHJIAJIAHY
MYMKIHAIKTEPI

Anoamna

Makana 3amanayn STEM 6inim Oepy karmaiibiHma poOOTOTEXHUKAHBI OKBITYAAa OHBIH AJIEMEHTTEPiH
naiianany MYMKIHIIKTepiH 3epTreyre apHanrad. OKy TIpoOLeCiH/le OWBIH DJIIEMEHTTEpiH TNalaanany
OKYIIBUIAP/BIH BIHTACBIH, OJIAPABIH Ca0aKKa KaTbICYbIH >KOHE OKy MaTepHaliblH MEHIrepy THIMIUIrH
apTTHIpyFa keMeKTece . FeiIbiMu 3epTTeyep i Tanay ynaiiiap sxyieci, AeHreinep, BUpTyalibl MapanaTTap
MEH CIOKETTIK CIEHapHIep CUSKTHI OMbIH MEXaHWUKACBIH €HTI3y OlTiMJIi MEHTrepyre, HHKEHEPIiK OiayIbl
JaMbITYFa >KOHE TOIIIEH JXKYMBIC iCTEy AaFIblIapblH KaJIBINTACTHIPYFa OH 9CEPiH THTI3€TiHIH KOpCEeTTi.
lelimudukanrsHpl MHTETpalMsUIayblH Ka3aKCTaHIBIK ToXipuOeciHe, aranm alTKaHga oOpTa MeEKTel
OKYUIbUIapbIHA POOOTOTEXHUKAHBI OKBITYFa apHanraH RoboBil MOOMIIBAI KOCHIMIIIACHIH €HTi3yre epeKIie
Hazap ayzaapbuiazpl. KonganOa TeOpusUIBIK MaTepHaaaplibl, MPAKTHKAJIBIK TallChIpMalap/bl, CHIHAKTapIbI
KoHe MapanarrapiasiH AR yirinepin Oipikripeni, Oy cisre >keke OKBITY JKOIIApPBIH KacayFa MYMKIHIIK
Oepeni skoHe reiiMuduUKanyss ocepiH KymewTtemi. 3epTTey HOTHXKenepi kepceTkeHael, RoboBil moOumbai
KOCBIMIIIACBHIH KOJIZIaHy MEKTEeI OKYIIBUIAPBIHBIH POOOTOTEXHHMKAaFa JIETeH KbI3BIFYIIBUIBIFBIH apTTHIPYFa,
OJIapABIH OKY YNIrepiMiH apTTBIPYFa JKOHE NPaKTHKAJBIK €CcelTepAl LISy aFAbUIapblH JaMBITYFa BIKIAI
ereni. Ocehnaiiina, MOOWIBAI — TEXHOJOTHWSJIApMEH  OipikTipinreH redmudukanus Oimim  Oepy
POOOTOTEXHUKACHIH JAMBITY/IBIH JKaHA IePCIEKTUBANIAPHIH alllaJIbl KOHE MEKTeNTepAe WHHOBAIHSIIBIK
ToXipuOenepi eHrisyre yari 6oa anajsl.

Tyiiin ce3nep: Oinim Gepyai aknapaTTaHABIPY, TOJMBIKTHIPBUIFAH IIBIHABIK, POOOTOTEXHUKA, HIMMEPCHUBTI
texuosorumsuiap, STEM.
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E.X. )Kab6aes', M.11. PeBmienoBa' , A. Amanrenaus’
'Kasaxckuii HaMOHAIBHBIN MEarOrMIYECKUi YHUBEPCUTET MMeHH Alast, r.AnMarsl, Kazaxcran
BO3MOXHOCTU IPUMEHEHMUMS UT'POBBIX OJIEMEHTOB B OBYYEHUHU
POBOTOTEXHHUKE

Annomayus

CraThsi TIOCBSIIIEHA HCCICAOBAHUIO BO3MOXKHOCTECH NPUMEHEHHUS WIPOBBIX 3JEMEHTOB B OOyYECHUU
poboToTexHuKe B ycioBusix coBpemMeHHOTo STEM-o0pasoBanus. Vcmonp3oBaHHE WIPOBBIX IIIEMEHTOB B
00pa3oBaTeIbHOM TIPOIECCE CIOCOOCTBYET TMOBBIIMIEHUI0 MOTHBAIMM YYAlINXCS, WX BOBIEYEHHOCTH H
3((HEeKTUBHOCTH YCBOCHHS Y4eOHOro MaTepualia. AHAJIN3 HAYYHBIX UCCIEAOBaHUI MOKAa3all, YTO BHEIPCHUE
WUTPOBBIX MEXaHUWK, TAKMX KaK CUCTeMa OaJIoB, YPOBHEH, BUPTYaJIbHBIX Harpaj M CIOKCTHBIX CIICHAPUCB,
TIOJIOKUTENBHO BIIMSET Ha YCBOSHHE 3HAHWM, Pa3BUTHE HHXEHEPHOTO MBIIIUICHUS U (JOPMIPOBAHIE HABBIKOB
KOMaHAHOH paboThl. Oco00e BHUMAaHME YJEICHO Ka3aXCTAaHCKOMY OIBITY MHTErpaluu reiMuduranyiu, B
YaCTHOCTH BHEJPEHUI0 MOOWIBHOTO TpuioxeHus RoboBil, cozganHoro mns oOydyeHuss poOOTOTEXHUKE
yJammxcs cpeaaeit mkoisl. [[prmoskeHue coueTaer TeopeTHIeCKUid MaTepral, MPaKTHYECKUe 3aJaHus, TECTHI
n AR-Mozenu Harpas, 9To O3BOJISIET CO3aBaTh IEPCOHAN3UPOBAHHBIE TPACKTOPUN O0YUEHHS U YCHUITHBACT
ekt reiimuduranmuu. Pe3ynbTaThl UCCIEAOBAaHUS JEMOHCTPUPYIOT, YTO HCIOJIb30BaHHE MOOMIBLHOTO
npwioxkeHnus: RoboBil crmocobcTByeT MOBBIIEHUIO HHTEpECa MIKOJIBHUKOB K POOOTOTEXHUKE, YIydIIaeT UX
aKaJeMIUeCKyI0 yCIIeBaeMOCTh W pPa3BHBACT HABBIKM PEIICHUS MPAKTHYECKUX 3amad. Takum oOpazom,
reiMuduKanys B COUeTaHUM C MOOMIIBHBIMU TEXHOJIOTUSMU OTKPHIBACT HOBBIC MEPCIICKTUBHI )i PA3BUTHS
o0pa3oBaTeabHONH POOOTOTEXHUKU U MOXKET CIYXKUTh MOJICNBIO JIJI1 BHEPESHUS MHHOBAIIMOHHBIX MIPAKTHUK B
IIKOJIAX.

KaioueBbie ciaoBa: wuHpOpMaTh3anus OOpa3oBaHUs, JJOMOJHEHHAS pEaTbHOCTh, POOOTOTEXHHUKA,
“MMepcuBHbIe TexHonoruu, STEM.

Introduction

This study investigates how incorporating game elements can enhance robotics education within
modern STEM programs. In the context of rapid technological advancement and the increasing
importance of digital literacy, educators face the challenge of engaging students in complex technical
subjects such as robotics. Effective STEM education today requires innovative teaching approaches
that make learning not only informative but also interactive, engaging, and enjoyable.

Robotics as a discipline integrates engineering, programming, mathematics, and problem-solving.
While this interdisciplinary nature provides rich learning opportunities, it can also pose challenges
for students who may find these topics abstract or difficult to relate to real-life applications. As a
result, maintaining consistent motivation and interest becomes a key task for educators.

Gamification—defined as the application of game design elements in non-game contexts—offers a
promising pedagogical approach to addressing these challenges. By introducing features such as
points, levels, leaderboards, virtual rewards, and storytelling, gamification transforms the learning
process into an experience that stimulates curiosity, engagement, and a sense of achievement [1,2].
When thoughtfully integrated into the curriculum, these elements not only sustain students’ attention
but also make the assimilation of complex engineering and programming concepts more accessible.
Moreover, they help to cultivate essential 21st-century skills, including logical reasoning, creative
problem-solving, collaboration, and perseverance [3-5].

Recent research and data from academic databases such as Scopus and Google Scholar reveal a
growing interest in applying gamification to technical and engineering education [6]. Numerous
studies report that combining traditional instruction with digital tools and gamified learning
environments significantly improves student performance, enhances retention of knowledge, and
promotes self-directed learning.

Within this context, the main objective of the present study is to examine the impact of game-
based elements on the effectiveness of robotics learning. Specifically, it aims to identify which
gamification strategies—such as point systems, AR-based rewards, or progress tracking—most
effectively contribute to improving students’ motivation, comprehension, and practical skills in
robotics. The study also seeks to propose a model for integrating gamification into STEM curricula,

254




Abaii amvinoasvr Kaz¥I1Y-niy XABAPIIBICHI, « Qusuka-mamemamura aulisimoapuly cepuscol, Ne4(92), 2025

highlighting its potential to personalize learning trajectories and increase accessibility to technical
education for students of different ability levels.

Research Methodology

The study began with an evaluation of how game elements can be applied in robotics education
under modern STEM frameworks. We focused on identifying methods that maximize learning
outcomes. We conducted a comparative review of scientific publications from Scopus and Google
Scholar (2023-2025) covering gamification in STEM. Practical examples were also examined,
including our mobile app RoboBil, which combines theoretical content, hands-on exercises, quizzes,
and AR robot models used as rewards. The study was conducted on the basis of an analysis of existing
educational programs incorporating game mechanics, as well as through practical experiments with
middle and high school students. Within the framework of the experiment, the following game-based
elements were employed:

-Competitions and tournaments (robot programming contests, robotics challenges).

-Achievement systems (levels, rewards, and rankings for successful task completion).

-Storylines and missions (thematic assignments related to robotics).

-Simulation environments (virtual laboratories where students can test programming solutions
prior to applying them on physical robots).

Results of the study

The incorporation of game-based elements into robotics education within the framework of
contemporary STEM learning significantly enhances instructional effectiveness by increasing the
clarity and interactivity of educational materials. The analysis of the outcomes of implementing
game-based elements revealed the following key trends, which are illustrated in Figure 1:

Developing
teamwork
Increased skills
engagement
Improvement
of learning
outcomes
Increased
motivation

Figure 1. Key Trends in the Implementation of Game-Based Elements

During the experiment, 87% of students reported that the game-based format increased their
interest in learning robotics. Learners engaged in the gamified environment acquired basic concepts
of programming and robot mechanics more rapidly. Classes incorporating game elements attracted a
broader range of students, including those who had previously shown little or no interest in robotics.
Team competitions contributed to the development of communication and leadership skills.
Nevertheless, several limitations were also identified:

- Excessive focus on the game — in some cases, students concentrated more on the gaming aspects
than on the actual learning process;

- Need for additional teacher preparation — the successful implementation of game-based
elements requires thorough methodological development and adequate technical resources.
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The use of game-based elements in teaching robotics within the context of modern STEM
education provides a number of advantages. First and foremost, a game-based approach enhances
students’ motivation and engagement in the educational process, as learning is perceived not as a
routine activity but as an engaging and dynamic game. Game mechanics such as point systems,
rankings, virtual rewards, and storyline-based tasks stimulate cognitive activity and foster a sustained
interest in technical disciplines (see Fig. 2).
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Figure 2. Game-Based Elements in the RoboBil Mobile Application

Moreover, the application of gamification contributes to the development of critical thinking,
problem-solving abilities, and teamwork skills, which are among the key competencies of STEM
education. In the context of project-based work, students learn to analyze, experiment, and generate
creative solutions, while the game-based format reduces stress and alleviates the fear of making
mistakes.

An important advantage also lies in the potential for personalized learning: game elements make
it possible to adapt tasks to the learner’s level of preparedness, ensuring a gradual increase in
complexity and supporting an individualized trajectory of development.

Thus, the integration of game-based elements into robotics education not only enhances the
effectiveness of learning outcomes but also fosters a sustained motivation among school and
university students to engage with engineering and digital technologies, thereby preparing them for
the challenges of the contemporary educational and professional environment.

A considerable body of research confirms that the integration of game-based elements into the
educational process — particularly in the teaching of robotics and other STEM disciplines — has a
positive impact on students’ academic performance.

Based on the results of the conducted experiments, it was established that the use of game-based
elements in the educational process has a positive impact on students’ academic performance. In
particular, learners engaged in gamified methodologies demonstrate higher levels of motivation,
engagement, and cognitive activity compared to those taught within the framework of traditional
pedagogical approaches. These findings are consistent with a number of international studies, which
emphasize that gamification contributes to the development of critical thinking, the improvement of
problem-solving skills, and the cultivation of a sustained interest in the disciplines under study. In a
meta-analysis by Zeng et al. [7], which encompassed 22 experiments conducted between 2008 and
2023, a moderately strong positive effect of gamification on academic performance was observed,
with a significant effect size of Hedges’s g = 0.782 (p < 0.05) [8]. Similarly, the systematic review

256




Abaii amvinoasvr Kaz¥I1Y-niy XABAPIIBICHI, « Qusuka-mamemamura aulisimoapuly cepuscol, Ne4(92), 2025

by Jaramillo-Mediavilla et al. [9] confirms that the integration of game-based elements enhances both
motivation and learning outcomes, further substantiating the influence of gamification on academic
achievement.

Moreover, game mechanics create favorable conditions for the individualization of the learning
process, allowing for the consideration of each student’s level of preparedness and pace of knowledge
acquisition. Therefore, the integration of game-based elements into robotics education within the
framework of modern STEM learning can be regarded as an effective tool for improving the quality
of education and fostering the key competencies of the 21st century.

Discussion

The application of game-based elements and mobile technologies, such as RoboBil, reflects global
trends in the digitalization of education. Unlike traditional teaching methods, the application
integrates learning, practice, and play within a single environment, which aligns with the principles
of contemporary pedagogy and the digital transformation of education [10].

Moreover, RoboBil addresses the challenge of localizing educational technologies, as it is
specifically designed for Kazakhstani school students and takes into account the national context.
This serves as an example of how international approaches to gamification can be effectively adapted
to the conditions of a local educational system.

The integration of gamification opens new perspectives for the advancement of personalized
learning, which is particularly relevant for technical disciplines such as robotics. By combining game-
based elements with intelligent algorithms, it becomes possible not only to enhance learners’
motivation and engagement but also to ensure a flexible adjustment of the educational process to
individual student needs. The Kazakhstani experience in this field demonstrates that the
implementation of such approaches contributes to an increased interest in STEM disciplines, the
development of sustainable learning habits, and the cultivation of independent learning skills.

At the same time, it is necessary to take into account the potential risks associated with the
excessive or improper application of gamified practices. Among these are phenomena such as
motivational fatigue (when constant exposure to external stimuli leads learners to lose intrinsic
interest in the subject), a decline in academic focus (when attention is directed primarily toward the
gaming component rather than the content), and the emergence of social pressure resulting from
competition or comparison of achievements with peers. These factors may negatively affect both the
quality of knowledge acquisition and the level of psychological well-being of school and university
students.

Therefore, the integration of gamification into the educational process requires an ethically sound,
scientifically grounded, and adaptive approach. Such an approach should include:

-the use of diverse game elements and mechanics (e.g., points, levels, scenarios, exploratory tasks,
and cooperative missions),

-regular monitoring of the impact of game-based technologies on learners’ motivation, academic
performance, and emotional well-being,

-a flexible system of rotating game tools, which helps to prevent the “habituation effect” and
sustain interest throughout the entire course,

-a balance between game mechanics and the substantive content of learning, ensuring that gamified
practices serve not as a distraction but as a means of consolidating knowledge and fostering
competencies.

Thus, a well-designed combination of gamification and artificial intelligence can not only enhance
the effectiveness of teaching robotics and related disciplines but also foster learners’ skills in self-
organization, critical thinking, and teamwork. However, the key condition for successful
implementation remains sustained attention to the psychological, pedagogical, and ethical dimensions
of applying these technologies.

The results of the study confirm that the use of game-based elements in robotics education has a
significant impact on students’ motivation, academic performance, and the development of key skills.
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The use of gamification makes the learning process more engaging and dynamic. A comparative
analysis demonstrated that the level of motivation under traditional instruction was 62%, whereas
with the integration of game-based elements it increased to 85%. This growth can be explained by
the implementation of game mechanics (points, levels, virtual rewards), which provide students with
an additional sense of engagement.

Table 1. The level of motivation of students

Teaching methods Average motivation level (%)
Traditional education 62
With gamification 85

Gamification also has a positive effect on the effectiveness of knowledge acquisition. Student’s
academic performance increased from 68% under traditional instruction to 88% when gamification
was applied. Importantly, the use of the RoboBil mobile application—which includes theoretical
materials, tests, practical tasks, and AR-based rewards—not only reinforces learning outcomes but also
helps to form individualized learning trajectories.

Table 2. Student performance

Teaching methods Students’ academic performance (%)
Traditional education 68
With gamification 88

Particular attention should be given to the development of teamwork, engineering thinking, and
problem-solving skills. Without the use of gamification, the level of these competencies remained at
55-60%, whereas the application of game-based methods increased them to 80—85%.

Table 3. Developing key skills

Skills Without gamification (%) With gamification (%)
Teamwork 55 80
Problem solving 60 82

Thus, it can be argued that gamification in robotics education not only enhances students’
motivation but also contributes to the improvement of their academic performance. In addition, it
strengthens the development of teamwork and engineering skills, while simultaneously opening new
perspectives for the integration of mobile technologies into the educational process.

The Kazakhstan experience of implementing the RoboBil mobile application demonstrates that
the combination of game mechanics and digital technologies serves as an effective tool for improving
the quality of STEM education and can be scaled to other academic disciplines.

Conclusion

In conclusion, game-based elements represent an effective means of teaching robotics within the
context of modern STEM education. For the Republic of Kazakhstan, the introduction of gamification
offers the opportunity to increase students’ motivation, foster a sustained interest in engineering and
technical disciplines, and create a learning environment that is both interactive and engaging. The use
of game mechanics not only facilitates better knowledge acquisition but also promotes the
development of critical thinking, teamwork skills, and creativity.
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Scientific research and practical case studies—ranging from Kazakhstani schools to international
projects—demonstrate that gamification improves learning outcomes, fosters the development of
digital literacy, and makes the acquisition of complex technical concepts more accessible. In contexts
where robotics laboratories cannot always be fully equipped, game mechanics serve as an alternative
tool for engaging and sustaining students’ attention.

A special role is played by the RoboBil mobile application, developed for Kazakhstani schools. It
integrates theoretical materials, practical tasks, and game-based elements (points, levels, rewards, AR
models), enabling the incorporation of robotics into the educational process even under limited
resource conditions. The use of such applications extends the possibilities of gamification, ensuring
access to digital tools for all students regardless of their region or the material resources of their
schools.

Mobile applications for robotics with augmented reality (AR) support on students’ personal
devices provide the most effective means of scaling such tools across all schools in the Republic of
Kazakhstan. Depending on the learning objective and technical capabilities, AR can be applied either
through the addition of a virtual object (in cases where physical models and prototypes are
unavailable) or through the addition of an informational layer (when objects are available but have a
complex structure or limited functionality).

At the same time, it is necessary to take into account the emerging challenges: the need to prepare
teachers for the use of game-based technologies, the development of high-quality instructional
materials, and the provision of technical support for schools. When applied appropriately, game
elements become not a form of entertainment but a full-fledged didactic tool that complements
textbooks, practical activities, and digital platforms.

For Kazakhstan’s innovation-oriented education system, the further development of gamification
and educational mobile applications such as RoboBil may represent an important step toward
modernization. The creation of teacher networks, the exchange of methodological solutions, the
implementation of pilot projects, and government support for educational initiatives will contribute
to the consolidation of game-based practices in school education. It can be anticipated that in the
coming years, game elements will take a firm place in the teaching of robotics, while the Kazakhstani
experience will serve as an example of the effective integration of digital technologies into the
educational process.
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