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Abstract. Problem statement. One of the priority tasks of modern society is the crea-
tion of conditions conducive to the upbringing and development of a creative personality.
The computer science course has a didactic potential in terms of the formation of initiative,
independence, imagination, the ability to set and solve problems. The presented study aimed
at substantiating the effectiveness of game mechanics use in teaching computer science to
solve the problem associated with the need to develop the creative thinking of students.
Methodology. The mechanics “Achievement,” “Reckoning on trust,” “Fun once — always fun,”
“User progress” are implemented with game elements and methods in the study of theoretical
computer science. Resources of digital services (interactive whiteboards, random selection
generators) are used for gamification. The base of the experiment is a secondary school with
in-depth study of individual subjects in the Stulovo village (Slobodskoy district, Kirov region).
The study covered 74 students of the seventh grade (64% — girls and 36% — boys). The aver-
age age of the respondents is 13 years. Statistical processing of the results was performed
using Pearson's chi-squared test. Results. During the game, students study theoretical material,
solve a system of creative and non-standard tasks on the topic “Measurement of information.”
For each game mechanic, a goal, tasks, sets of rules and restrictions are defined. Statistically
significant differences in the qualitative changes that have taken place in the system according
to the levels of development of creative thinking are identified. Conclusion. The features of
the presented version of the application of game mechanics in teaching computer science in
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terms of the development of creative thinking are described: taking into account the age cha-
racteristics of students when formulating message texts, inclusion of digital services, combi-
nation of oral and written speech with interaction on a computer network.
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AnHoTtaumst. [locmarnoska npodaemsl. OnHa U3 IPHOPUTETHBIX 33/1a4 COBPEMEHHOT0 00111e-
CTBa — CO3JIaHUE YCJIOBHH, CIIOCOOCTBYIOIIMX BOCIUTAHUIO U PA3BUTHIO KPEATHMBHOM JIMYHOCTH.
Kypc naopmariku 061a1aeT TUIAKTHISCKUM ITOTSHIIMATIOM B TTaHe ()OPMHUPOBaHUS HHHIHATHB-
HOCTH, CAMOCTOSITEJIEHOCTH, (haHTa3WH, YMCHHI CTaBHTH U pelarh 3amaqu. [IpemcrapieHHOE Hc-
CIIeJIOBaHKE HaNpaBICHHO Ha 00OCHOBaHWE 3(PHEKTUBHOCTH WCIOJB30BaHUS MTPOBBIX MEXAHUK
npy 00y4eHn UH(MOPMATHKE VIS PEICHUsS MPOOJIeMbl, CBI3aHHON ¢ HEOOXOIMMOCTBIO Pa3BHTHS
KPEeaTUBHOTO MBIILICHUS INKOJIEHUKOB. Memoodonoeus. Mexanuku «/loctimkenrey, «Pacder Ha goBe-
pue», «Beceno ouH pas — Becesnio Beernay, «IIporpecc mosip30BaTelisny peanu30BaHbl U BKIFOYEHUH
UTPOBBIX 3JIEMEHTOB M METOJIOB B M3YUCHHME TEOPETHUECKOH MH(popMaThku. s refiMuduxarmm
TIPAMEHSFOTCS PeCypChl HU(MPOBBIX CEPBICOB (MHTEPAKTUBHEIC JOCKH, TEHEPATOPHI CITy9aifHOTO BBI-
6opa). baza skcriepumMenTa — cpeqHsis o0meoOpasoBaTenbHas IKoJIa ¢ YITyOJleHHbBIM U3yYeHHEM
oTnenbHbIX mpeameroB 1. CrynoBo (Cnobosckoii paiion Kuposckoit obnactu). HccnenoBanmem
OXBaueHO 74 00yJaroMXcs CeIbMBIX KaccoB (64 % — neBymniku u 36 % — Monoppie soaun). Cpen-
HUIA BO3pacT pecrioHaeHToB — 13 net. Cratuctudeckasi 00padoTKa pe3ysIbTaToB BBINIOJIHEHA C TI0-
MOIIIBIO KpUTepHsi Xu-kBapar [lupcona. Pezymvmamut. B mipoliecce urpsl o0ydarolmecs: H3ydaroT
TEOPETUIECKUI MAaTEPHaIL, PELIAIOT CUCTEMY TBOPUECKMX M HECTAHAAPTHBIX 3aJaHui 10 Teme «M3me-
penue nHpopMarEID. s KaxKIoH UTPOBOI MEXaHUKHU OIPEICIICHEI IIeITh, 3a/1a9H, HAaOOPHI TIPAaBIII U
OrpaHrYeHHi. BBISABIICHBI CTATUCTUYECKH JIOCTOBEPHBIC PA3NMUMs B KAUECTBEHHBIX W3MEHEHHMSIX,
TIPOM3OIIEIIINX B CHCTEME 10 YPOBHAM Pa3BUTHS KPEATHBHOTO MBIIIIICHUS. 3axnouerue. ONACaHbI
0COOCHHOCTH TIPE/ICTABICHHOIO BApUAHTa MPUMEHEHHSI UTPOBBIX MEXaHHK NP 00yYeHNH HH(POp-
MAaTHUKe B IUIaHe Pa3BUTHSI KPEATUBHOTO MBIIUICHHS: YYET BO3PACTHBIX OCOOEHHOCTEN IIKOILHUKOB
npu (OpMYITMPOBAHUH TEKCTOB COOOIIEHUH, BKIIFOUCHNE IM(POBLIX CEPBHCOB, KOMOMHHUPOBAHUE
YCTHOW ¥ MUCBMEHHOM PEeYH U B3aUMOJCUCTBUSI IO KOMITBEOTEPHOM CETH.

KiioueBbie cioBa: nudposas mkona, rediMudukanus, THPOPMALMOHHOE B3aUMOIEH-
CTBHE, UTPOBAs MEXaHUKa, U3MEepEHHE HHPOPMAIIUH, KPEaTUBHOE MBITIIICHHE
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Problem statement. UNESCO recommendations, international rules in the field
of education, determine that innovative pedagogical technologies (e-learning, dis-
tance learning, m-learning, artificial intelligence, gamification, etc.) and digital ser-
vices provide additional didactic potential to enrich traditional educational organiza-
tional forms.! According to D. Halpern, forward looking education should be based
on two principles: the ability to quickly navigate in a rapidly growing flow of in-
formation and find what we need, and the ability to comprehend and apply the re-
ceived information [1]. These conclusions are also consistent with the positions of
the current federal state educational standard of general education, according to
which the task of a modern school is to develop the student's personality.>

According to G.I. Fazylzyanova, T.Yu. Sokolova, V.V. Balalov, a digital
school mentor is recommended to use innovative pedagogical technologies to en-
hance the cognitive activity of students dynamically [2]. N.I. Isupova, T.N. Suvo-
rova study the potential of the “flipped classroom” technology for changing tradi-
tional methodological systems of teaching, developing memory, attention and
thinking [3]. The authors convincingly prove that the use of gamification within
the “flipped classroom” technology helps to increase the motivation and involve-
ment of students, the activation of cognitive interest, the formation of self-
education and self-learning skills.

E.V. Soboleva, T.N. Suvorova, M.I. Bocharov, T.I. Bocharova point that
the future graduate of the digital school should be ready and able to apply techno-
logical innovations and Internet resources to test hypotheses, search for facts and
solve non-standard problems [4].

Creative students who can learn and think outside the box, according to
the conclusions of M.K. Suyundikova, E.O. Zhumataeva, M.M. Suyundikov,
have a number of skills and abilities that are in demand by modern society,
such as finding various problem resolution options, expressing own point of view
on a problem without fear, developed imagination and creative thinking, etc.
On this basis the teachers of the digital school are faced with the task of creating
conditions for the formation of the creative personality of student [5]. The authors
consider that creative thinking is demonstrated not just in a random outburst of
new ideas, it can also bring real significant returns. The habit of thinking creative-
ly helps people achieve better results in transforming the surrounding reality, effi-
ciently and competently respond to emerging challenges [6].

' 17 Goals to Transform Our World. Sustainable Development Goals. Available from
https://www.un.org/sustainabledevelopment/ (accessed: 25.04.2022).

2 Federal State Educational Standards for Basic General Education. Available from
https://fgos.ru/fgos/fgos-oo0 (accessed: 25.08.2022).
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So, creative thinking is based on knowledge and experience and, therefore,
can be the subject of purposeful formation.

According to C. Dichev and D. Dicheva, a new direction in the development
of creativity in the educational and professional sphere is gamification based on
the use of entertaining games in order to increase the motivational component of
the creative process [7]. A promising direction, according to S. Dyson, Y. Chang,
H. Ch. Chen, H. Yu. Hsiung, Ch. Ch. Tseng and J. H. Change, is the development
of methods for training creativity in the professional and educational spheres
based on board role-playing games, which allow including emotional and cogni-
tive creative competence [8].

Taking into account modern requirements for the availability of distance educa-
tion and communication in the business sphere, special attention is paid to the cre-
ation of educational games and platforms on a digital basis [9]. According to the
conclusions of U. Cakiroglu, B. Basibuyuk, M. Guler, M. Atabay, B.Y. Memis,
game technology is cross-subject and can be applied with equal efficiency in the
study of various disciplines and courses [10]. This study examines the possibility
of its implementation in the course of studying computer science at school.
At the same time, as O.V. Sergeeva shows, effective memorization mechanisms
are connected, which have a greater didactic effect than theoretical facts and ab-
stract reasoning [11]. Game mechanics, as noted by N.N. Vekua, A.A. Lubsky,
M.S. Perevozchikova, Ju.N. Folgerova, are cognitive research resources along
with theoretical concepts and empirical procedures, thanks to which participants
in the didactic process get new knowledge [12].

In general, game mechanics, according to O. Mauroner, should be under-
stood as a set of rules and methods to support the interaction of the participants of
the game environment and the game space itself (characters, design, plot) [13].

G.L. Parfenova, O.G. Kholodkova, Yu.A. Melnikova determine that the in-
clusion of games in work with teenagers of Z generation, firstly, is one of the la-
bor functions of a mentor in the conditions of society informatization, and, sec-
ondly, an important aspect of improving the education quality [14].

The gamification of teaching computer science, which is substantiated by
K.V. Safonov, E.A. Ischukova, V.V. Zolotarev, necessitates the teacher to solve
a whole range of problems: technical, methodological, organizational [15].
N.N. Vekua, A.A. Lubsky, M.S. Perevozchikova, Ju.N. Folgerova, summarizing
practical experience, concludes that educational gaming resources are practically
not developed for teaching computer science [12]. The choice of interactive tech-
nology and digital service remains with the teacher. According to their conclu-
sions, the modern information environment for teaching computer science should
be guided by the new realities of didactics; provide opportunities for adaptation to
the specific features of the subject.

The analysis of the scientific works listed above allows to identify the prob-
lem associated with the need for additional study of the formation of students' cre-
ative thinking in various game situations of didactic interaction. The article pre-
sents a study aimed at substantiating the effectiveness of game mechanics use in
teaching computer science for the development of creative thinking in students.

Methodology. The following methods were used in the work: theoretical
analysis and generalization of literature in describing the essence and potential of
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the phenomenon of “gamification of education” in the context of UNESCO re-
commendations and the development of a digital school, clarifying the principles
of game mechanics and their limitations for teaching computer science.

Evaluation criteria for the formation of creative thinking in the process of
applying the studied concepts, implementing approaches for measuring infor-
mation: generating new ideas (fluency of thinking); various application of meth-
ods and means (flexibility of thinking); non-standard use of data in educational
and cognitive activity (originality of thinking); substantiation of expediency and
applicability for obtaining the planned result (development of thinking).

Fundamental factors for including game elements in non-game contexts in
computer science lessons: game mechanics (rules) and players. When designing
gaming educational spaces, the teacher must monitor/record feedback in electron-
ic form (player — system, player — player, player — leader).

To obtain up-to-date information about the effectiveness of the use of game
mechanics for the development of creative thinking of students in computer science
lessons, empirical methods are used: monitoring the communication of all partici-
pants in information interaction (for example, the content and volume of the “Memo
for a friend” for recognizing false (fake) information); analysis of the speed and
quality of solving problems of information search on the Internet; discussion of the
work results on the transfer of information from one unit to another, etc.

The base of the experiment is a secondary school with in-depth study of in-
dividual subjects in the village of Stulovo. The study covered 74 students of
the 7th grade: 64% are girls and 36% are boys. The average age of the respon-
dents is 13 years. The use of game mechanics is implemented in the study of
the topic “Measurement of information.”™

The author's control work used to assess the input conditions includes the
following blocks “Information and knowledge,” “Perception and presentation of
information,” “Information processes.” There are 12 tasks.

The level of formation of creative thinking (‘“high,” “medium,” “low”) is
evaluated by the sum of all 3 blocks. Low level is from 0 to 11 points inclusive,
medium level is from 12 to 20 points inclusive, high level is more than 21 points.

Statistical processing of the results was performed using the x2 (chi-
squared) test of Pearson.

Results and discussion. According to D. Halpern, the creativity of thinking
“is manifested in visual images and ideas, in the ability of a person to formulate
own concepts and generalize previous experience; to analyze facts, correlate own
understanding of the study subject and apply creative foresight” [1]. The last defi-
nition allows to single out such criteria for evaluating creative thinking as origi-
nality, flexibility, fluency. These conclusions correspond to the results of studies
by J. Guildford who also includes elaboration in the presented list [16]. So, within
the framework of the preparatory stage of the experiment, according to the results
of analytical work with the literature, these four criteria were chosen as efficiency
indicators of the technology used.

3 Semakin IG, Zalogova LA, Rusakov SV, Shestakova LV. Informatics and ICT: textbook
for grade 7. Available from https://uchebnik-tetrad.com/informatika-uchebniki-rabochie-tetradi/uchebnik-
po-informatike-7-klass-semakin-chitat-onlajn (accessed: 20.08.2022).

344 EVOLUTION OF TEACHING AND LEARNING THROUGH TECHNOLOGY



Muxnsxosa E.A., Cmaprosa E.K., bamaxosa E.JI. Bectayk PY JTH. Cepust: Mngopmarizatwst oopazosanmst. 2022. T. 19. Ne 4. C. 340-350

For the initial diagnosis, students were asked to complete 12 tasks of the
test, including the following blocks “Information and knowledge,” “Perception
and presentation of information,” “Information processes.” Each block contains
4 questions to assess the criteria of originality, flexibility, fluency, elaboration.
For the correct performance of the task, the student received 2 points.

Sample questions for each criterion are presented below.

Task 1 (originality and fluency). Students are asked to open a dictionary and
choose the first word that comes across, then come up with as many associations
as possible. For example, the word “motivation” and associations to it: “stimulus,”
“money,” “stick,” “carrot,” “encouragement,” “feeling.”

Task 2 (flexibility). “Changeling game.” Students write down the words
(on a specific topic from the above) from right to left. Task modification is that
students decipher the word.

Task 3 (elaboration and fluency). Divide the situations listed below into three
groups, in which the information carrier is: 1) a material object; 2) waves; 3) the state
of matter. Examples: bell for break, buzzing bees, broadcast on TV, etc.

Task 4 (elaboration). Give examples:

— reliable, but not objective information;

— complete, reliable, but useless information;

— relevant, but inaccessible information.

So, for the control event, the student could get from 0 to 24 points. Thus,
it was possible to collect data on 74 students divided into the control and experi-
mental groups. Each has 37 people.

The results of the measurement carried out before the start of the experiment
are presented in Table.

The results of measurements on the level of development of creative thinking

Groups

Level Experimental (37 pupils) Control (37 pupils)

Before the experiment | After the experiment | Before the experiment | After the experiment

High 2 11 3 5
Medium 16 22 16 15
Low 19 4 18 17

The second stage of the experiment was devoted to the analysis of the expe-
rience of gamification in teaching computer science, gaming technologies (ser-
vices and platforms).

At the preparatory stage of the experiment for the practical implementation
of game mechanics, “Achievement,” “Reckoning on trust,” “Fun once — always
fun,” “User progress” mechanics were chosen.

At the heart of the “Achievement” mechanics is a material/virtual expres-
sion of the player's action result. Achievements are considered by the game teach-
er on their own or as rewards. For example: a hint on a test, an assessment, addi-
tional time to prepare an answer, etc.

In the “Reckoning on trust” mechanics the social component of network com-
munication between the participants of information interaction is implemented.
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The “Fun once — always fun” mechanics is focused on achieving the follow-
ing effect: the repetition of simple actions that deliver predominantly positive
emotions to the game participant.

In the “User Progress” mechanics the achievements of the participant in
the game educational space are tracked when solving a series of tasks.

The third stage of the study was devoted to the implementation of game me-
chanics in the study of the topic “Measurement of information.”

Let's consider the implementation of the “Reckoning on trust” mechanics.
Each student in the experimental group is offered a situation for thinking. Its reso-
lution determines one game beat. The game continues until the participants can
independently or with additional help (other players, information sources, etc.)
solve their “riddle.” In each game situation there is a message received over
a computer network. The text of the message for creative, research (possibly col-
laborative) activities is presented on an interactive whiteboard.

An example of a game situation. Vasya's older brother is in the camp. They
have various competitions, the guys are studying coding. In a conversation with
Vasily, his brother said that he really liked the game “Spy Kids.” In addition,
he noted that there are problems with the phone: it does not turn on, then it turns
itself off. The next day, Vasya receives three SMS messages from an unknown
number that look like jabberwocky. At the end of the last message was a “smile.”
Vasily would have deleted these messages without getting to the point. But he re-
membered the conversation with his brother and... began to puzzle out.

The goal of the game is to decipher the message and determine the amount
of information (information volume).

Game tasks:

— to learn to generate and improve diverse and creative ideas;

—to evaluate ideas and select those that can be further developed and refined.

The point is that during the game, students learn to critically evaluate
the messages they receive, apply elements of cryptography, and become imbued
with trust/distrust in a virtual companion.

Game questions: what information did Vasily’s brother transfer in messa-
ges? Determine the information volume of the received message.

Task modification: to send an encrypted message to the brother in response.

Game restrictions:

1. Be sure to bring discussions in the group to the formulation of the net-
work etiquette rules (safe communication on the network).

2. The player can turn to external help only at the stage of “decoding”
the message.

3. If the “game beat” turned out to be unsuccessful, then the player should
not be unduly severely punished.

Let’s explain the essence of the “Fun once — always fun” mechanics for its study.

The entire experimental group was divided into 2 parts.

Each student of the first subgroup is given a plate with the name of the re-
gion/subject of Russia (two-digit number, months, etc.) on his back. There are two
plates with this name at different players. It is not difficult to read what is written
on the back of a classmate. Game problem: identify the inscription on the plate
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on your back. Modification of the game (for adding additional points) is to form
a pair with a second person carrying a similar plate.

Game restrictions:

1. Participants are only allowed to ask questions to surrounding people that
they can answer “yes” or “no.” For example: “Is this the easternmost subject of
Russia? Is this the smallest region in Russia?”, etc.

2. For each player from the second subgroup, there is a curator who moni-
tors the correctness of questions and answers.

During the information interaction, both the student and his curator write
down the questions and answers that the player receives.

The goal of the game is to identify the inscription on the plate.

Game tasks:

— to learn to ask questions that require the answer “yes” or “no,” i.e. trans-
ferring ideas and information to the recipient in an understandable form;

—to form skills and abilities of oral information exchange;

— to establish trusting relationships;

—to develop logic and flexibility of the mind;

— to achieve a positive result in collaboration.

Game achievements: points, grades, access to new materials (pictures,
links), additional minutes for solving test tasks, etc.

Students of the control and experimental groups were trained on the materi-
als of I.G. Semakin, L.A. Zalogova, S.V. Rusakov, L.V. Shestakova. The text-
books involves working with information of various types, learning to organize
their own informational activity and planning its results. A large number and vari-
ety of tasks makes it possible to adapt the practical part of the training course con-
tent to the profile of the class, the level of students training, the amount of study
time, the level of hardware and software.

Students in the control group also studied about information, information
properties, information representation in a computer and approaches to measuring
information. On lessons the teacher analyzed examples of tasks solving, methods
for assessing the amount of information, selected tasks for self-study. Computer
network resources and digital technologies were actively used (to search for in-
formation, design solutions, presentations). Students in the control group learned
to measure the information volume of text in bytes; recalculate the amount of in-
formation in various units (bits, bytes, Kb, Mb, Gb). However, students from the
control group were not specifically involved in the game activity for measuring
information.

At the fixing stage of the experiment, the test was again carried out from
3 blocks, 4 tasks in each. Post-experiment data are also presented in Table.

In this case, the hypotheses are formulated as follows.

HO: the level of creative thinking in the experimental group is statistically
equal to the level in the control group; H1: The level in the experimental group is
higher than the level in the control group.

Further, the values of the criterion were calculated in the online resource be-
fore (2 observable 1) and after (¥2 observable 2) the experiment. For a = 0.05,
according to the distribution tables, y2ait is equal to 5.99. Thus, ¥2obsi < Y2ecrit
(0.23 < 5.99), and y20bs2 > y2erit (11.62 > 5.99). Therefore, the shift towards in-
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creasing the level of creative thinking of the students in the experimental group
can be considered non-random.

Performing a quantitative analysis of the data obtained, we can conclude
that after the completion of the experiment, 30% of students in the experimental
group had a “high” level of creative thinking formation (11 students out of 37).
While initially this percentage was equal to 5% (2 respondents out of 37).
The number of students with a “low” level has significantly decreased from
51 to 11%. For the control group, the following was recorded: the indicator for
the “high” level qualitatively changed from 8 to 14%, and for the “low” level
changed from 49 to 46%.

So, the described system of actions for game mechanics use in teaching
computer science allows:

— to create additional conditions for the development of originality, fluency,
flexibility and elaboration of thinking;

— to get experience in research and educational and entertaining activities in
the study of theoretical computer science;

— to apply concepts, scientific information, information theory formulas to
solve game situations;

— to connect virtual network resources to organize direct communication be-
tween participants in the didactic process;

—to form collaboration skills (group creative thinking);

— to develop socially significant personality traits (family values, purpose-
fulness, the value of friendship, etc.).

The research materials correspond to the priority directions of UNESCO ac-
tivity and the system of Russian education in terms of gamification of education
[13]. The results obtained supplement the conclusions of N.I. Isupova, T.N. Suvo-
rova about the potential of didactic games for teaching computer science [3]
and develop the ideas of S. Dyson, Y. Chang, H.Ch. Chen, H.Yu. Hsiung,
Ch.Ch. Tseng and J.H. Change regarding the influence of game strategy, mechan-
ics, dynamics on the formation of creative thinking [8].

Conclusion. The most important principle of modern education is the opti-
mization of upbringing, socialization and adaptation of the individual through
the use of innovative psychological and pedagogical technologies. One of them is
gamification. It allows game mechanics use to support the assimilation of large
amounts of theoretical material by students and prevent information overload.
The study made it possible to formulate the following features of game mechanics
use in teaching computer science in terms of the development of creative thinking:

— the need to take into account the age characteristics of students when for-
mulating message texts. Non-standard tasks, game problems, as a rule, have a high
level of difficulty (concepts, terms, facts). At the same time, the teacher should
remember that the game must both bring pleasure to the participant and contribute
to the activation of cognitive activity;

— the usefulness of including digital services in the game. For example,
random number generators (https://randstuff.ru/number/) or fortune wheels
(https://ru.piliapp.com/random/wheel/) for choosing a player, dividing into teams;

— the importance of the content of the plot, the system of characters for
the game situation. They should allow to generate and discuss ideas;

348 EVOLUTION OF TEACHING AND LEARNING THROUGH TECHNOLOGY



Muxnsxosa E.A., Cmaprosa E.K., bamaxosa E.JI. Bectayk PY JTH. Cepust: Mngopmarizatwst oopazosanmst. 2022. T. 19. Ne 4. C. 340-350

— the expediency of combining oral, written speech, interaction over a com-

puter network. This provides additional conditions for the development of creati-
vity of speech — an important factor in the formation of creative thinking.

Thus, inclusion game mechanics into computer science education is an ef-

fective technology for the development of creative thinking. The proposed me-
thodology can be explored in a variant way to organize the process of studying
and perception of information in the online space and in other school subjects,
as it involves universal forms and characteristics of the human psyche.
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