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GAMIFICATION TECHNOLOGIES IN THE EDUCATIONAL PROCESS OF
SMART-TNPU IN THE COMPUTER SCIENCE TEACHING

The article describes the features of the gamification technologies used in the educational process of
SMART-TNPU, based on the work experience of researchers of Ternopil Volodymyr Hnatiuk National
Pedagogical University (TNPU). An analysis of the game technologies implementation in the process of learning
computer science at the university and general secondary education institutions was conducted. In the
conditions of martial law, the situation with gamification of education is considered, the role of gamification in
the educational process is determined. Significant achievements of the teachers of the Department of Computer
Science in the study of problems related to the game technologies used in classes with different age groups of
pupils and students are described. The conducted research helped to identify the main playgrounds and
platforms that contribute to the development of digital competences of the participants of the educational
process, help them create their own game projects. Approaches to the stages of implementing gamification in the
SMART-TNPU system have been analyzed. The specifics of each stage of gamification are defined, the analysis
of game project creation services and their use is presented. The main types of gamification in the educational
process are outlined. The examples of student game projects and tasks are provided. The spheres of positive
influence of gamification technologies using a Likert scale are substantiated, and caveats regarding their mass
use are indicated. Gamification is an example of the use of innovative technologies, which contributes to
increasing the efficiency of the organization of the educational process and achieving high results in the training
of a modern computer science teacher.
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ACUCTEHT

TepHONINbCHKHUI HANlIOHATBHUHA NEJAarOTI9HIIN YHIBEpCUTET
imeni Bomogumupa 'HaTioka

Byin. Makcuma Kpusonoca, 2, M. TepHonins

TEXHOJIOI'Ti TEUMI®IKAIIL B OCBITHbOMY MPOILIECI SMART-THITY ITPA
HABYAHHI IHOOPMATHKH

Onucano ocobausocmi 8UKOPUCAHHA TeXHON02il etimipikayii 6 ocgimuvomy npoyeci SMART-THITY
npu HAasuauHi HGopmamuxu 3 00ceidy pobomu Haykosyie TepHONiIbCbKO20 HAYIOHANLHOZ0 Nedazo2iuHo20
yHigepcumemy imerni Bonooumupa I'namwoxa (THIIY). B ymosax sivinu pawucmcokoi pocii npomu Yxpainu
mexnonoeii, aoanmoeani 00 YMO8 OUCMAHYIUHO20 YU 3MiWano2o0 ¢opmamy Haguanus, cmaomv Oinbul
ROMPIOHUMU, OCKINLKU 0AIOMb MONCIUGICING He MINbKU NIOGUULY8AMU CAMOMOMUBAYII0 YUACHUKIE 0CBIMHBO2O
npoyecy, a ti Cnpusiioms 3pOCMAKHIO AKOCMI HABYAHHS MA NOKA3HUKIG yeniwnocmi. OOHIEI0 maKux mexHono2i,
anpobosanux na b6aszi STEM-yenmpy kageopu ingpopmamuxu ma memoouxu ii nasuannss THITY, € izpoghixayis.
Mema nonscae 6 momy, wob nNpoOOEMOHCIMPY8AMU MOMCIUBOCII BUKOPUCMAHHSA MEXHON02IU 2etimipikayii 6
opeanizayii oceimnvoco npoyecy 8 THIIY nio uac 6oeHHo2o0 cmany ma npoauanizysamu ix cneyuixy nio uac
susueHHs Kypcig ingpopmamuynoi eanysi. OCKilbKU HA CbO20OHI He ICHYE YHIIKO8aAHUX Ni0X00i8, 0OIPYHMOBAHUX
npuHYunie ma memooié w000 BRPOBAOICEHHA MeXHONo2il iepoikayii 6 oceimuili npoyec, mo npobrema
3AMUMAEMbCA BIOKPUMOIO MA AKMYAnbHOI0 015 docaiodcents. [Iposedeno ananiz enposadicents ceimigikayii
V npoyec HAGYAHHA [HOpMamuKu 6 YHisepcumemi ma 3aK1a0dax 3a2aibHOi cepednvoi oceimu. Pozenawymo
cumyayiro 3 2eumMiQiKayicio HABYUAHHs 8 YMOBAX BOEHHO20 CMAHY, BUSHAYEHO PONb iepohikayii 6 0ceimHbOMY
npoyeci. Onucano eéazomi 3000ymku eukiadauie kageopu ingopmamuku ma memoouku ii Haeuanns THITY y
BUBYEHHI NpobIeM, NO6 A3AHUX 3 GUKOPUCMAHHAM I2PO6UX MEXHONO02IN HA 3AHAMMAX 3 PIZHUMU GIKOGUMU
epynamu yunie ma cmyoenmis. Ilpoeedeni 00CNiONCEHHS OaiOMb MONCIUBICTNL GUSHAYUMU OCHOBHI i2pO8I
MauoanuuKy ma niampopmu, wo cnpuaioms po3sUmKy Yyu@posux KoMnemeHmHocmel y4acHUKi6 0ceimb020
npoyecy, donomazaioms M cmeopiosamu enacHi iepoei npoexkmu. Ilpoananizosano nioxoou 0o emanie
peanizayii eetimigivayii y cucmemi SMART-THITY. Busuaueno ocobaugocmi KodcHo20 emany zeumighikayii,
NpeoCcmasieHo aHANi3 cepeicie CMBOpenHs I2posux Npoekmie ma ix euxopucmantsa. OKpecieHO OCHO8HI 8UOU
eetmipixayii  oceimnvozo npoyecy. Ilooano npukiadu cmyOeHmcvbKux I2poeux HPOEKMI8 | 3a80aHb.
Obrpynmosano cghepu NO3UMUBHO20 6NAUBY MEXHONO02I 2eumigixayii 3a wkanoro Jlaiikepma ma 6KazaHo
3acmepediceHtsi w000 Macoeoeo ix euxopucmants. [etimigikayito NOOAHO SK NPUKIAO BUKOPUCMIAHHS
IHHOBAYIUHUX MEXHONO02IU, WO CHPUSE RNIOBUWCHHIO eheKmUeHOCMi opeaHizayii 0ceimHb020 npoyecy ma
OO0CACHEHHIO BUCOKUX PE3YIbIMAmia y nio2omoeyi CyuacHo20 64umers iHpopmamuxu.

Knrouosi cnosa: mexnonozii iepogpikayii, ieposuii npoekm, eeumigixayis, SMART-cucmema, icposi
MexHon02ii.

The world emphasizes four advanced technologies that can radically change the traditional learning
process: distance education, personalization, interactive learning and learning through video games. All the
listed technologies belong to gamification [11].

In Ukraine, in connection with the active implementation of the distance education format due to the
spread of the coronavirus disease and the introduction of martial law, more and more teachers began to use
game technologies. Especially in their teaching activities, which are gradually becoming an important element
of the educational space.

The main task in reforming the modern system of training the computer science teachers is the use of
innovative methods in education, including the introduction of gamification when studying various
informatics courses. This approach will contribute to the formation of a competent specialist, capable of
finding the right solutions in specific educational and professional situations [5].

In the conditions of martial law in Ukraine, technologies adapted to the circumstances of distance or
mixed format education are becoming more important as they provide an opportunity not only to increase the
self-motivation of participants in the educational process, but also contribute to the growth of the quality of
education and success rates. One of such technologies, tested on the basis of the STEM-center Computer
Science Department at TNPU, is gamification. Since today there are no unified approaches, well-founded
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principles and methods for the implementation of gamification technologies in the educational process, this
confirms the relevance of the study.

Studying certain sections of computer science is considered a difficult and often ineffective process.
For this reason, the various approaches that have been proposed and tested have not been convincingly
successful. These included the use of games as an attempt to increase student engagement, either at the initial
or final stage. However, gamification offers a whole new set of opportunities to engage students more
actively, such as clear goals with different ways to get achievements, a system of tasks and limitations.

Many Ukrainian scientists are engaged in researching the process of gamification. O. Diadikova [1],
S. Marienko, I. Borysiuk analyze the game as a learning technology. O. Karabin [2, p. 44-47],
O. Makarevych [3, p. 279-282] define gamification in the educational process as a means of student
development. A. Yurchenko, O. Semenikhini?, Y. Khvorostina [5] studied learning programming with the
help of gamification through the prism of current curricula.

Gamification has gained wide attention among foreign scientists as well. S. Deterding was engaged in
the definition of this concept [6, p. 9-14]. The history of gamification and its role in education became the
subject of the research by F. Nazokat. The basis of the works of R. Landers, K. Bauer [12, p. 688], R. Callan,
M. Armstrong are the study of the relationship between psychological theory and gamification of learning.
The influence of the game on learning outcomes was studied by M. Sanchez [10], R. Owens and |. Karatas
[10, p. 336]. S. Combefis S. [8], V. le Clement de Saint-Marcq [9, p. 118-136] paid considerable attention to
learning programming and developing algorithms using various web platforms.

The purpose of the article is to demonstrate the possibilities of using gamification technologies in the
organization of the educational process during the martial law in Ukraine at TNPU and their specificity when
studying IT courses.

This paper defines the key design goals and proposes a model of the platform for gamification of
education intended for the study of computer science. It includes the structure of the platform, the stages of
passing the course based on gamification, the main types of gamification, and the implementation technology.

The created SMART-TNPU system is constantly developing, based on the progress of science and
advanced technologies, which leads to the introduction and use of new approaches to the organization of
education. Teachers of the Computer Science Department, responding to the challenges of the digital society
in the conditions of war, first adapt game environments and platforms for the transformation of education.
They create opportunities to combine acquired practical skills for the development of digital competences of
all participants in the educational process.

In order to identify the level of interest of students in gamification both in distance lessons and in
blended learning, the teachers of the Department of Informatics conducted a survey among the participants
attached to the experimental game platform (Fig. 1).

Interest in gamification

90% 84%
80% n%
70% 64% 2%
60% 52% 51%
50% i
40% 2% 3% e T W
30% 2% e 18%
20% 13% B
10% v g
0%
Use of Modification of Involvement of Adaptation of Order games loint
commercial  already existing  commercial virtual worlds development of
entertainment games entertainment games by
games in games in the students and
educational educational teachers
activities process

Class 5 -7 Cluss 8 - 11 Teachers

Fig. 1. Survey results of the experimental game platform participants.
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Figure 1 shows a decrease in students' interest in ordinary, albeit multifaceted, games with age.
However, we can see that the interest of students in creating their game products is increasing.

A third of respondents from among teachers modify existing games and adapt them for their
activities. The use of developmental games in the educational process is the most common type of
gamification, both among students and among teachers. The joint development of games by students
and teachers is gaining popularity.

The implementation of gamification in information technology classes at TNPU takes place through
the use of web resources or various services. The most popular among them are presented in figure 2.

Fig. 2. Gamification fields in the system SMART-TNPU.

Let’s analyze which of the outlined sites are most often used in the educational process, namely in
computer science classes with the aim of learning basic concepts and forming practical experience in creating
game projects (Fig. 2). As we can see, the most widespread service used by informatics teachers in the
process of teaching students algorithmization and programming is Scratch (50 % of the surveyed teachers use
them in their teaching activities). The second most popular among computer science teachers is Code school
(12 %), every 10th teacher uses other platforms.

Fig. 3. Diagram of services used for creating game projects.
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In a general computer science course, the process of studying the basics of algorithmization and
programming has some problematic issues. Due to the complexity of the topic, individual students lose
motivation to study. This problem outlines the need to choose specifically game methods and gamification
technologies so that they correspond to the educational level of each participant in the educational process and
contribute to increasing interest and the formation of relevant competencies.

Therefore, when studying the course “Fundamentals of computer science with elements of
programming” at TNPU, teachers actively involve students in the development of their own game projects on
various platforms [4, p. 156-161].

The Ministry of Education and Science in its computer science textbooks suggests that students use
Scratch to learn algorithmization and programming, which can be used both online and installed on your
personal computer. Now students, especially high school students, more often select personalized games like
Minecraft in the educational process [5].

It is clear that despite the advantages of Minecraft, it is not absolutely appropriate to use it in learning
the basics of algorithmization and programming in schools. Of all the resources mentioned above, the best
replacement for Scratch would be Code Studio. The Code Studio functionality offers an introduction to the
basics of algorithmization, and provides an opportunity to play popular games, while applying algorithms to
form algorithmic thinking as a component of digital competencies. Figure 4 shows an example project in
Code Studio.

Fig. 4. An example of a game project on the CODE platform.

Some teachers use the Blockly resource, which is less popular, but no less useful than Scratch or
Minecraft, in their activities. The teachers note that the main audience of users of this resource are junior and
high school students. It contains simple tasks by combining blocks of different shapes and colors, the process
is similar to putting together puzzles and is suitable for use by students of primary and 5-6 grades [5].
However, a more in-depth analysis of the resource proves that it can also be used for high school students.

The study of informatics in high school is divided into standard level and professional level. In
specialized classes of the senior school, 5 hours a week are devoted to the study of informatics. It is
here that much attention is paid to the study of programming languages and various technologies,
including gaming [6, p. 9-14].

Another problematic aspect in terms of this section is the motivation of students to learn the basics of
digital technologies. It is often thought that their study is not necessary at school. This opinion is supported by
the following argument: not all graduates will or want to connect their lives with computer sciences, including
programming, but it is worth noting that learning the basics of algorithmization and computer technologies
contribute to the development of object-oriented, abstract way of thinking in pupils and students.

That is why in the organization of training at TNPU, teachers use technologies of two types of
gamification: structural and content, which involves the identification and application of individual or limited
combinations of elements of game technologies (Figure 5).
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Fig. 5. Types of gamification of the educational space.

Because of the primary value of game elements and mechanisms in gamified environments and mixed
results in educational environments, many researchers hypothesize a relationship between game elements and
learning outcomes.

In order for gamification in education to be successful and effective, teachers of the Department of
Informatics implement the adaptation process according to the following stages (Fig. 6). ???7??7????

Fig. 6. Scheme of the game technologies implementation in the educational process in TNPU.

The purpose of using gamification technologies when studying the course of computer science
disciplines is aimed at achieving compliance with the SMART system, that is specific, measurable,
achievable, relevant, time-bound.

Therefore, the developed and tested structure of the gamification system, which is implemented at
TNPU, has two levels. The micro level involves the process of participation from the motivation to start an
action (in the student) to receiving the feedback (from the teacher or the system itself); the macro level is
characterized by the construction of a complete story, which should interest the student to go through it from
beginning to end. Feedback should be built in such a way that a new motivation for action arises, that is, the
whole process should be cyclical. The system is designed to create such a gaming environment that would
bring joy and a sense of personal development to the participants.

In the course of the conducted experiment, participants who completed the course have been surveyed
on a Likert scale about the perception of gamification of the course according to the following dimensions:
cognitive, emotional and social.

It was observed that more than 90 % of the students who completed the course believed that the level
of difficulty of the tasks corresponded to the knowledge gained [11; 12].

On the emotional side, most students were motivated by the competitive environment and watched the
achievements on the leaderboard. Although it is important to note that there were participants who did not
agree to the use of their real names, it was therefore important to use avatars to maintain anonymity.

Finally, regarding the social aspect, it was observed that more than 70 % of the students agreed that
working together helped to solve the tasks.

In the educational space of TNPU gamification is a relatively new way of learning, which has its own
implementation features. Gamification can be considered successful if it copes with the complex challenges of
the digital society and helps all participants in the educational process to form appropriate digital competences
for the modern digital world.
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However, it is worth noting that gamification cannot be considered as the only universal tool for

overcoming difficulties in the organization of the educational process. Only under the condition of a
successful combination of rich Ukrainian pedagogical experience with the new technologies it’s possible to
achieve high results in the training of a modern computer science teacher.

10.

11.

12.
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Iokasano, wo 6 3aknadax npogecitinoi (npoghecitino-mexniuHoi) oceimu KIOUEHHS 00 3MICMY HA8UAHHSL
MO8 ma memoodie npocpamyeanus OJI0KY NUMAHb, NPUCEAUEHUX CEMIOMUYI MO8 NPOSPAMYSAHHS CHPUAMUME
yeniwHitl  peanizayii cucmemu ix @yHOameHmanbHoi nid2omoexku 6 npeomemuiu eanysi «Iugpopmayitini
mexHono2ily. Memoouuna cucmema HA8UAHHs, NOOYOOBAHA 8 PAMKAX MEeMOOUYHOT meopii, Cnpusic 080100IHHIO
CMyOeHmamy 3HAHHAMY MA BMIHHAMU 3 CEMIOMUKU MO8 NPOSPamMy6anhs. Bukiadeno ocnosHi meopemuyni ma
MeMOOON02IUHI NONOJICEHHsl, HA NIOCMABI AKUX NOOYO08AHO MEMOOUYHY CUCMEMY HABUAHHA CEMIOMUKU MO8
nPoOSPamMy6anHsa ma Memamooens MemoOuKy HAGUAHHA ) GUeNA0l MemoOuyHOi meopii, AKka GUIHAYUNA MOOelb
Hawozo Odocnioxcenns. Ha niocmasi knacughikayii mooenei cunmaxkcucy i CeMaHmuxku MO8 npocpamyeanHs,
nposedenoi 0ns noOy0o8u KOHYENMYaibHO20 0a3ucy Memooudnoi meopii HAGUAHHA CeMIOMUKU MO8
npocpamyeants, Hamu Oyau eudineni HacmynHi po30inu O HAGYAHHA CEMIOMUKU MOG NpOSPAMYEAHMHA:
@opmanHull CUHMAKCUC MO8 NPOSPAMYBAHHA, 3MICMOBHA ONEPAYiliHA CeMAHMUKA MO8 NPOSPAMYBAHHA,
@opmanvha onepayiuna cemammuKa MO8 HPOPAMYSAHMS, POpPMANbHA OeOYKMUBHA CEMAHMUKA MO8
npocpamyeants, OeHOmayiina cemanmuxa Mmo6 npozpamyeanus. Ha emani 6idbopy 3micmy enemenmis
NPOEKMOBAHOI HAMU MOONi MeMOOUYHOI CUCMEMU HAGYAHHA CeMIOmuyi MO8 NpOSPAMYBAHHS YEHMPALbHE
Micye nocioae npobrema noCmManHo8KY yinel HABYAHHS, OCKIIbKU GI0OIp 3MICMY [HWUX eNeMeHMI8 CNPIMOBAHO
Oocsienenns nocmasnenux yineu. CemiomuuHi HABYATbHI MOOeNi BKIIOUAIOMb CUCMEMY 3d680AHb, NPU SKUX
npeomemua cgepa OiAIbHOCMI PO32OPMAEMbCS 8 PAMKAX KOHKDEMHUX Memooie HaABYaHHs, o nepeddoauarmo
MeKCmMosi BUKIAOU HABYATLHUX NPoOieM abo 3a80aHb.

Kniouosi cnoea: oceimuiii npoyec; cemanmuxa MOSU NPOSPAMYBAHHA, MEMOOUYHA Ccucmema,
npogeciina oceima.
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