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ABSTRACT. Currently, gamification in education has become a full-fledged object of research.
The current state of gamification allows us to consider it as an innovation that has potential in
terms of didactics, organizational and methodological support of the educational process and
management of educational institution as a whole. The main advantage of gamification is the
possibility of modernizing the learning process, which increases students' intrinsic motivation
and their involvement in the learning process.

The purpose of this article is to present a dynamic model based on the analysis of gamification
models. As a theoretical contribution of gamification, we form a dynamic model of game-
based learning, which aims to improve the effectiveness of learning related to five main factors
(difficulty, interest, observation, imagination and choice). The dynamic model was used to teach
first and second year students of the Computer Technology Faculty of Pavlodar universities
(Toraighyrov University and Pavlodar Pedagogical University named after Alkey Margulan)
the Python programming language using educational resources consisting of gamification
elements, and the theory of educational environment design is called ARCS (attention, relevance,
confidence and satisfaction) and the theoretical foundations of gamification are defined by the
framework of MDA (mechanics, dynamics and aesthetics).

KEYWORDS: gamification, game-based learning, ARCS, MDA, motivation, learning process.
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AHAATMA. Kasipri yakbiTta 6inim 6epy canacbiHpafbl reimmdurKauma 3epTreynepait, To-
NIbIKKAHAbI TakbipblbblHAa anHanyga. fenMmudbukaumnsaHbiH, Kasipri >kxafaanbl OHbl AMAAKTUKA,
6inim 6epy npoueciH ynbiMAaCTbIpyLbIbIK-3iCTEMEIK KAMTaMacbi3 eTy XXaHe >aanbl 6inim
6epy mekemMeciH 6ackapy TypfbiCbiHaH a/ieyeTi 6ap MHHOBaLMA peTiHAe KapacTbipyfa MyMKiH-
Aik 6epegi. fenmundpukaumnaHbiH, 6acTbl apTbIKLWbIIbIFbI-OKY MPOLLECIH XXaHFbIPTY MYMKIHAIrI,
AFHN 6iniM anywbinapabiH, ilWKi MOTUBALUMACLIH apTTblpyFa XXaHe olapAblH OKY NpoLeciHe Ka-
TbICyblHa bIKNan eTesi.

MakanaHblH, Heri3ri MakcaTbl-reiMnpurKaunsa MoaenbaepiH Tangay apkbiabl 6inim 6epy-
aeri reiMnounKaumsaHbiH, AMHaAMUKanblK MOAeNIH Kypy. fenMudukaumnaHblH, Teopusaabik yaeci
peTtiHae 6i3 6ec Herisri ¢pakTopfa (KMbIHABIK, KbI3bIFyLbIbIK, 6alikay, KMAN >XaHe TaHAay)
6alnaHbICTbl OKbITYAbIH, TUIMAINITIH apTTbipyFfa GafbiTTanfaH, OMbIHFA HETi3Ae/NreH OKbITYAbIH,
AVNHaMUKaNbIK MOAeiH KaabinTacTelpambi3. IMHamukanbik Mmogensb MNaBnogap KanacbiHAAFbI
>XOFapbl yHuBepcutettepaiH, (TopanifblpoB yHMUBepcUTETI XaHe Osiken MapfynaH aTbiHAAFbI
MaBnoaap neaarorukanbik YHUBEPCUTETI) aKknapaTTbiK TexHonornsanap 6afbiTbiHaa 6inim ana-
TbiH BipiHLWLI )KdHe eKiHLWIi KypcC cTyaeHTTepiHe apHanfaH Python nporpammanay TiniH revmm-
dukauma sanemeHTTEPIHEH TypaTblH OKY pecypcTapbiH yirpeHyge aHe ARCS (attention-3ein-
iH, relevance-maHpbi3abinibifbl, confidence-ceHimainik, satisfaction-kaHaratraHy) aen atanatbiH
6inim 6epy oprtacbiH >kxobanay TeopuscbiH NaiiganaHa oOTbipbin, reMMUPUKaLUaHbIH TEOPU-
AnbiK Herisgepi MDA (mechanics-mexaHuka, AMHaMUKa-AMHAMUKA >XXOHE 3CTeTUKA-ICTeTUKa)
KONAaHbIAAbI.

TYAIH CO3AEP: renmndukaums, obiHFa HerizgenreH okbiTy, ARCS, MDA, moTuBaums, oky
npoweci.
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AHHOTALMA. B Hactoswee Bpema renmnoukaumsa B chpepe obpasoBaHusa ctana non-
HOLleHHbIM npeaMeToM ucciegoBaHuns. CoBpeMeHHoe COCTossHME reMMnduKaLum no3Bons-
eT paccmaTpuBaTb ee Kak MHHOBaLUuio, obnajatollyto NOTEHUMANOM C NMO3ULMA AUAAKTUKMY,
opraHu3aLMOHHO-MeToaMYeckoro obecneueHns obpasoBaTesibHOrO Nnpouecca U ynpas/eHua
obpa3zoBaTtesibHbIM yupexaeHneMm B LenoM. OCHOBHOE NMpeuMMyLLecTBO renmMmmneukaummn 3a-
KNtouaeTcs B BO3MOXKHOCTM MoAepHMU3aLmmn yuebHoro npowecca, YTo NoBbIlLIaeT BHYTPEHHIOHO
MOTMBALMIO YYaLLMXCA U X BOBJIEYEHHOCTb B npoLlecc obyueHus.

Lenbto gaHHOM cTaTbn - chopMMpoBaTh AMHaAMUUECKYIO MOZe/Ib NyTEM aHa/n3a Mogenen
reimmopurkaumn. B kauectse TeopetTnueckoro Bkaaga renMmnbunkaumum Mol opmmpyemM AnHamMm-
yeckyro Mogenb 0byueHns Ha OCHOBE UTpbl, KOTOpas HamnpaB/ieHa Ha NoBbiweHne 3P PeKTUB-
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HOCTN 06yYeHUs, CBA3aHHOTIO C MATbIO OCHOBHbIMU pakTopaMu (TPYAHOCTb, UHTEpeC, Habto-
AaTeNbHOCTb, BOO6paXkeHMe 1 Bblbop). luHaMnueckasa Moaenb NpUMeHsAach NPU N3yyeHnn
A3blka nporpammupoBaHusa Python ana cTyaeHTOB nepBOro u BTOPOro KypcoB MH$popMaLm-
OHHBbIX TexHosiornK By30B T. lNaBnogapa (TopanrbipoB yHuBepcuTteT 1 NaBnogapckuii negaro-
rmyeckmi yHuBepcuteT nmeHn Ankes MaprynaHa) ¢ ucnosib3oBaHnem yuyebHbIx pecypcos, co-
CTOALLUX U3 D/IeMEHTOB reMndpmrKaLnmn, N TEOpUN NPOoeKTUpPoBaHNA obpa3oBaTe/ibHOM Cpeabl
noa HasBaHueM ARCS (attention-BHuUMaHue, relevance-3Haunmoctb, confidence-yBepeHHOCTb,
satisfaction-ygoBnetBopeHume), a TeopeTmyeckme OCHOBbI reMUPMKaLMN OnpeAensatoTca pam-
kamu MDA (mechanics-mexaHuka, dynamics-aguHamuka and aesthetics-acretumka)..

K/THOYEBbBIE C/TOBA: renmuéukaumns, obyueHne ocHoBaHHoe Ha urpax, ARCS, MDA, moTu-

Bauud, npouecc o6yt-|eva.

INTRODUCTION. Gamification is
one of the various learning methods aimed at
increasing user engagement and motivation
when performing or learning tasks [1].
Gamification involves the use of game elements,
mechanics and dynamics outside the context
of traditional games [2]. In addition, this author
identifies three reasons why gamification can
serve companies; these reasons can be easily
adapted to different situations, so they will be
outlined in the context of learning. The reasons
for gamification success are based on three
cornerstones: engagement, experimentation
and results.

Domestic and foreign researchers actively
study the phenomenon of gamification,
including in the field of education. Despite
this, the identification of the potential of
gamification as a full-fledged didactic tool
of the educational environment is not given
due attention. This is due to the insufficient
development of the theoretical basis of
many studies and specific methodological
recommendations for the implementation
of gamification in the educational process, a
unified system approach [3] and the procedure
for assessing the effectiveness of gamified
educational process [4]. Moreover, such
recommendations are lacking both from the
academic community and leading practitioners
in the field of gamification.

What is the difference in the educational
effectiveness of gamification of learning
compared to traditional teaching methods?
First, it is necessary to discuss the progress
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of goal in terms of time. Achievement (skill
or knowledge) can be expressed as a linear
equation in terms of time or effort in traditional
teaching:  textbook, whiteboard, human
teachers, face-to-face classroom, etc. In the
general case, it may appear that the graph of
academic performance initially rises and then
stops rising. This suggests that traditional
learning cannot maintain sustained attention
and results in limited educational effectiveness
[5].

Gamification has the necessary tools and
potential to increase the level of emotional
involvement of students in the educational
process [6]. First of all, gamification components
are able to involve students in the educational
process, to increase cognitive motivation and
interestin the discipline under study, in scientific
issues reflected in the gamified educational
process. Cognitive motivation should be
understood as "such a state of a person that
reflects the lack of necessary knowledge”
[7]. The main advantage of gamification as a
specific game practice is the possibility of using
the same tools that create conditions for the
growth of both external and internal and, in
particular, cognitive motivation.

Historically, intrinsic motivation is the coolest
theory of all the research that makes things,
especially digital games, interesting. Thomas
Malone proposed three basic characteristics
of computer games: observability, interest,
and imagination. After heuristically analyzing
dozens of computer games, he identified these
three components as his "What makes learning
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fun?" [8].

i. A task is created by setting clear,
defined goals for the learner. Undefined
outcomes create difficulty by offering different
levels of complexity, hidden information, and
randomness.

ii. Interest comes intwo forms: sensory and
cognitive. Audio and visual effects, especially in
computer games, can increase sensory interest.

iii. Malone defines imagination as a means
that "creates mental images of things beyond
the reach of the senses or the actual experience
of the individual". It includes both human
emotions and logical thought processes. A
few years later, Malone and Lepper added
another very important concept of a game
design system, "control”, to the original three
features and defined all four features as "key
characteristics of learning games" [9].

iii. Control refers to the student's sense
of  self-determination and  self-control.
Components such as contingency, choice and
power contribute to the function of control in
the learning process.

MATERIAL AND METHODS OF RESEARCH.
The analysis of philosophical, pedagogical and
psychological literature of foreign and domestic
authors allowed to identify the methodological
basis for the development of the idea of
gamification in the framework of the ongoing
research, including the change of the system
of scientific approaches to the development
of game activity, the formation of cultural

research space and establish the relationship
betweenthe main characteristics of gamification.

The gamification element is borrowed from
the MDA framework, which is based on game
design theory [10]. The MDA framework consists
of three components, namely: Mechanics
related to games, which describe specific
components of the game at the level of data
representation and algorithms; Dynamics is the
behavior of a mechanic at runtime that affects
player inputs and other outputs over time;
Aesthetics describe the emotional reaction
desired by the player when the player interacts
with the game system [11].

The ARCS model includes [12] a ten-step
process for designing motivation systems in
work and learning. The first two steps, which are
part of the general components of the analysis
process, provide information about the existing
state of affairs and serve as a basis for analyzing
deficiencies and their causes, which is carried
out in the third and fourth steps. On the basis
of these analyses, a description of motivational
goals and how they are to be evaluated is drawn
up in step five. Two design steps follow. Step 6
is to brainstorm each motivational category to
create a broad list of possible solutions. Step 7
is critical and analytical to select solutions that
meet the time, resource, and other constraints
of the particular situation. The last three steps
involve both development and evaluation,
similar to the development of any other model.

Stages of motivational design ARCS:

characteristics of Game spaces, theoretical 1. Get information about the course
and practical features of the development of 2. Getting information about the audience
conceptual. 3. Analysis audience
The study highlighted key concepts, the 4. Analyze other elements of the course
presentation of which helped to enter the 5. List the goals and assessments
Table 1. Component of framework MDA
Mechanics Dynamics Aesthetics
. Points . Award . Satisfaction
. Levels . Status . Pleasure
. Problem . Achievement . Envy
. Virtual goods . Self-expression . Respect
. Board leaders . Competition . Connection
. Badge . Altruism
. Gifts and charity
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Figure 1 - Home page of the CheckiO gaming platform

List potential tactics
Selection and development tactics
Integration with instructions

9. Selection and development of materials

10. Rate and review

These 10 steps follow a typical problem-
solving and design process, but three steps are
particularly important: analyzing the audience,
compiling a list of possible tactics, and selecting
and developing tactics.

RESULTS AND THEIR DISCUSSION. During
the study the trajectories of "Cybersecurity",
"Software Engineering", "DevOps-engineering”,
"Web Development”, "Graphics, Augmented
and Virtual Reality" of students studying in
the educational program 6B06104-Computer
Science of Toraighyrov University, 6B01530-
Computer Science of Pavlodar Pedagogical
University named after Alkey Margulan, As an
additional teaching tool for students of 1-2
courses studying in the direction of 6B01531-
Information technologies in education, the
game platform CheckiO (Figure 1) was used.

We click on the Python button on the home
page and sign up through your Google account.
This is a resource for learning and using the

N
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Python programming language. Learning is
offered in the form of a game in which each user
must apply their knowledge to a certain extent.
At the first stage Elementary is a sequence of
tasks from easy to difficult (Figure 2). At the
same time, the description of the task contains
all the reference data for its solution. Thus, the
user learns the Python programming language
by examples and tries his/her own skills in
parallel. In the future, it can be used to study
and acquire skills in working with oupensor
libraries.

Students check themselves by performing
tasks, in case of incorrect performance the
value of the report is not displayed, and when
moving to the next stage there is a gap (Figure
3). Under the game field the number of points
scored is indicated.

This game consists of platform gamified
elements, that is. levels, points and leaderboards
(rating tables). The use of gamification in the
educational process, on the one hand, requires
a lot of work related to the preparation of
game elements and methods of organizing
students' learning activities. However, on the
other hand, the introduction of gamification
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Figure 2 - The page where the task sequence is located

resources into the educational process allows
to organize, evaluate and motivate the current
achievements of students, to introduce game
elements into the educational process, as well
as to maintain a healthy spirit and competitive
atmosphere.

In educational practice, the use of gamified
educational resources as a process in which
the most important characteristics of future
activities are presented, allowing sufficient
understanding of the specifics of professional
activities and perspectives, can be very

Table 2. Representative sample data

significant because, firstly, learners develop
personal experience in the context of the
game. Secondly, mental processes (thinking,
imagination, speech) are actively stimulated,
which contributes to the vision of both the
unified learning process and, in particular, the
components of the game. Thirdly, the team
spirit of the game participants is developed.

To determine the effectiveness of using
gamified educational resources by students
and their readiness to use them, the
motivational components of learning were

Group University Name of the course, specialty Number of
students
Control Toraighyrov University  |6b06104  Computer  Science, 1 45
course (Cybersecurity, Software
engineering, DevOps-engineering, Web
development, Graphics, augmented
and virtual reality)
Experimental |Pavlodar = Pedagogical[6b01530 Computer Science, 6b01531 38
University named after|Information technology in education,
Alkey Margulan 1-2 courses
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Figure 3 - Task execution page

tested. Experimental work was carried out
from 2022 to 2023 on the basis of higher
educational institutions of Pavlodar. It involved
83 students, 38 of them - in the experimental
group (Pavlodar Pedagogical University named
after Alkey Margulan), 45 students - in the
control group (Toraighyrov University), the data
of representative sample are shown in Table 2.

The next step of our research was to carry
out the determining stage of experimental
work in order to determine the level of training
of students, studying in the specialty it, in the
Python programming language in accordance

Table 3. Determining criteria and indicators

with the criteria and indicators. The investigated
criteria and indicators are presented in Table 3.

The presence of motivation and needs in the
development of knowledge, skills and abilities
for the use of gamified educational resources.
Test for determining the orientation to obtaining
knowledge on programming using gamified
educational resources, including the CheckiO
gaming platform

The presence of a constant interest, self-
confidence and a creative approach when
performing tasks in a playfulway Control,
Interview, Survey

Indications

Determination method

The presence of motivation and needs in the
development of knowledge, skills and abilities
for the use of gamified educational resources.

Test for determining the orientation to obtaining
knowledge on programming using gamified
educational resources, including the CheckiO
gaming platform

The presence of a constant interest, self-
confidence and a creative approach when
performing tasks in a playful way

Control, Interview, Survey

Formation of the desire for self-improvement
and raising the level

Scale for assessing the need for achievement

WWW.IAAR-EDUCATION.KZ
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I.
I liked the work tasks at the end of each stage. —5——'

In the future, I will be able to master cntl:n&:r.l—.__|
I_ I
Gamified learning tools are good.

Easier than traditional classes. ﬁ -

My understanding of the lecture material has improved. %ﬂ
CheckIO I can test the possibilities of understanding.. bﬂ
ChecklIO gave me the opportunity to attend c]asses...b_'
ChecklO allowed a deeper discussion of the cours&:...__|
Made programming easier to understand. bﬂ
ChecklI O helps me interact with other students. F—ﬁ—"—'
I recommend using CheckIO in the programming...h

-10 0 10 20 30 40 50 60 70

mNeutral mAgree mDo notagree

Figure 4 - Students answers to closed questions

Mechanics

Aesthetics

Figure 5 - Dynamic model of learning gamification
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Formation of the desire for self-improvement
and raising the level Scale for assessing the
need for achievement

IT to diagnose the needs and motivations
of students studying in the specialty in the
development of knowledge, skills and abilities
on the use of gamified educational resources,
the first study was carried out on the use of
the CheckiO gaming platform. Figure 4 shows
students ' answers to questions on the Likert
scale. The answers consist of answers that
agree, are neutral, and do not agree.

Game-based learning can be achieved
through digital or non-digital games and
simulations that allow learners to experience
the learning process firsthand.

In conclusion, we get the following diagram,
connecting all the elements with each other. As
analyzed above, education associated with five
main factors (difficulty, interest, observation,
imagination and choice) covers all MDA and
ARCS models. So, four main factors can be
very effective in implementing educational
gamification (Figure 5).

CONCLUSION. The motivation model was
developed in response to a desire to find better
ways to understand the underlying factors

P/ REFERENCES: 4
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that influence motivation to learn, as well as
systematic methods for identifying and solving
problems related to motivation to learn.

Game elements play an important role not
only in education but also in numerous non-
game applications on PCs, smartphones and
tablets. This article has mainly hypothesized a
dynamic model related to game-based learning
cases. To confirm this hypothesis, we analyzed
the basic elements of digital game design,
intrinsic motivation theory, MDA framework
and ARSC model. Hoping for broad application,
we introduced the term «gamification in
learning» instead of using game-based learning
or learning game by applying the theoretical
foundations of Game-based learning to create
a dynamic model.

The dynamic model of educational
effectiveness of gamification has a solid and
stable educational effectiveness. Our model
increases dramatically after the initial period of
time when the learner adapts to the learning
game process.

This work was financially supported by the
Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan
(grant AP19677291).
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